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ABSTRACT

Background: Research is advancing rapidly, focusing on the whole brain; it examines whole-
brain outcomes, with limited attention to how exercise influences specific hemispheric pro-
cesses. The impacts of different exercises on the left and right hemispheres remain unmapped. 
Aim: This systematic review aims to determine the effects of immediate and regular exercise on 
left- and right-hemispheric brain function. Method: The researchers collected 363 articles in this 
area from the following scientific databases: PubMed, Web of Science, and Scopus. Afterward, 
researchers followed the PRISMA guidelines, and the protocol was registered in PROSPERO 
(CRD420251055235). 35 articles were selected for review based on the PRISMA checklist and PI-
COS framework, meeting the eligibility criteria. Results: Neuroimaging and electrophysiological 
studies show that endurance exercise activates the right hemisphere in motor adaptation, spatial 
processing, and affect regulation, while the left hemisphere is active in motor learning, emotion-
al regulation, and working memory after aerobic exercise. Strength exercises engage the right 
hemisphere for attentional control and proprioception, whereas the left hemisphere supports vol-
untary motor planning. Coordinative exercises also exhibit lateralized activation, with the right 
hemisphere supporting balance and visuomotor integration, and the left hemisphere facilitating 
fine motor skills and goal-directed behavior. Low-intensity, immediate (acute) exercise may alter 
cortical activation, hemodynamics, and executive processing in the left hemisphere. Also, mod-
erate-intensity exercise may enhance left-hemispheric function, which is associated with motor 
planning in the left cortex. Whereas high-intensity acute exercise demonstrated right-hemispher-
ic activation, involved in stress processing and autonomic control. Four months of regular (chron-
ic) exercise enhanced left temporal hemispheric activation, and six months of chronic exercise 
displayed that hemispheric asymmetry (left and right alpha activity). Whereas, after performing 
one year of regular exercise, there were bilateral regional changes (frontal, temporal, and parietal 
lobes), and after more than one year of regular exercise, there was increased right hemispheric 
activation. Conclusion: This review highlights how different types of immediate and regular ex-
ercise affect brain function by uniquely engaging the left and right hemispheres.

Keywords: Regular Exercise; Chronic Exercise; Immediate Exercise; Acute Exercise; Right 
Hemisphere; Left Hemisphere

https://doi.org/10.5817/StS2026-1-15


Studia Sportiva, Vol. 20, No. 1, 2026 190

INTRODUCTION

Dr. Roger Sperry, a Neuropsychologist and Nobel prize winner in Physiology/Medicine (1981) for 
his split-brain research. According to him, “The Brain has many facilities which originate the mental 
functioning. It has two hemispheres; the right side controls the intuitive, emotional, spiritual, simultaneous, 
kinaesthetic, especially oriented activity, whereas the left cortex is related to intellectual, verbally oriented, active, 
sequential, analytical, and logical activity or behaviour.” Mondal & Banerjee, (1992a) critically reviewed 
brain environment changes in relation to exercise and measured the changes of central sympathetic 
activity in athletes and non-athletes (Mondal & Banerjee, 1992b). Hand et al. (2022) suggested that 
Tai Chi exercise facilitates coordination between the central and autonomic nervous systems by 
modulating the functional connectivity of the anterior insula within the central autonomic network 
and promoting sympathetic/parasympathetic balance, thereby enhancing brain-gut communication. 
Mondal & Banerjee, (1994) examined and identified shifting of cortical hemispheric activity during 
rest, moderate, and exhaustive exercises, and found that after exhaustive exercise, the hemispheric 
dominance shifted to the left cortex. They also compare brain activity through critical flicker fusion 
(CFF) data between regular exercisers and a mental patient group (Mondal et al., 2004). Acute and 
chronic strength and endurance may elicit positive changes in neuropsychological parameters 
(Mondal & Hoque, 2014). Mondal & Hassan, (2015) identified the threshold level of brain function 
impairment after continuous heading. Mondal & Bhagat, (2021) reported brain function changes after 
weight training practices. Hand et al., (2022) reported that participation in regular endurance exercise 
(involving lower limb muscles) has widespread effects on cortical plasticity (assessed in unexercised 
upper limb muscles) following acute lower-limb cycling exercise. Exercise scientists measured visual 
and auditory evoked potentials and reported positive neurocognitive changes in karate practitioners 
with training age of more than 5 years (Bhattacharya, Chatterjee, Mondal, et al., 2023a; 2023b). Some 
observations suggested that fNIRS complexity would be a marker of the adaptive capacity of the 
prefrontal cortex to endurance exercise and to the effects of interventions on brain hemodynamics 
(Hong et al., 2024). Majhi et al., (2025) observed hemodynamics of the prefrontal cortex (PFC) through 
an fNIRS study after PNF exercise and found a positive result. 

Exercise effects on the brain hemispheres are modality-specific, and it should be considered 
that motor, cognitive, and affective processes are not always lateralized (Serrien et al., 2006). The 
spatial navigation, autonomic regulation, and motor adaptation networks of the right hemisphere 
as well as the working memory, motor learning, and executive sequencing networks of the left 
hemisphere are mostly engaged in aerobic/endurance exercise (Stoodley, 2012) and in working 
memory (Raichlen & Alexander, 2017), motor learning (Voelcker-Rehage & Niemann, 2013), and 
the executive sequencing (Stoodley, 2012) respectively. 

Strength-based interventions selectively down-regulate proprioceptive and sensorimotor 
circuits, with right-hemisphere involvement related to whole-body stabilization demands (Galamb 
et al., 2018), and left-hemisphere execution of the related intervention related to voluntary force 
application and goal-oriented actions (Bagesteiro & Sainburg, 2002). Coordinative exercises are the 
most balanced in terms of interhemispheric activity, which can probably be caused by the fact that at 
the same time, coordination of the limbs of both hands is required, as well as visuospatial processing 
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and temporal ordering (Kirk-Sanchez & McGough, 2013). These modality effects indicate that 
the hemispheric consequences of exercise depend on both physiological and cognitive and motor 
learning needs of the exercise (El-Sayes et al., 2019).

Studies have shown that physical exercise can enhance neuroplasticity, improve synaptic efficiency, 
and contribute to better hemispheric coordination. However, the specific effects of regular and immediate 
exercise, and their intensities, on bilateral hemispheric activity remain areas for further research. 

Therefore, this systematic review aims to synthesize and critically evaluate the existing evidence 
on the effects of various types of immediate and regular exercise on left- and right-hemispheric 
brain function.

METHODS:

Searching strategy:
A search of electronic databases such as PubMed, Scopus, and Web of Science was carried out to 
gather comprehensive information. The research group followed predefined search terms combined 
with Boolean operators: (Exercise) OR (Physical Activity) OR (Training) AND (Hemisphere) OR 
(Lateralization) OR (Left Hemisphere) OR (Right Hemisphere) AND (Brain Functioning) OR 
(Neuroplasticity) OR (Cognition) OR (Motor Control). They filtered human study, peer-reviewed 
journal articles, and English-language publications between the years 1990 and 2025. 

Selection Procedure of Systematic Review Articles:
Our approach to reporting follows the PRISMA guidelines (Page et al., 2021). Initial search identified 
363 articles, among them 79 from PubMed, 162 from Scopus, and 122 from Web of Science, which 
were imported into Zotero reference management software. The PRISMA flow diagram is presented 
in Figure 1, and this review was registered in PROSPERO (CRD420251055235).

Figure 1. PRISMA flow diagram
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In accordance with the PRISMA guidelines, this research group followed the PICOS (Population, 
Intervention, Comparator, Outcomes, and Study Design) framework. 

Population (P)
Human Participants: Studies included participants of any age group, ranging from children to older 
adults.

Intervention (I)
Types of Exercise: This review included studies examining various forms of immediate and regular 
exercise, such as:

1.	 Aerobic Exercise: Activities like running, cycling, and swimming.
2.	 Strength Exercise: Weight lifting, resistance band exercises, and bodyweight exercises.
3.	 Coordination Exercises: Yoga, Tai Chi, and other body-mind exercises.
4.	 Balance exercise: Static and dynamic balance exercises.
5.	 Flexibility Exercise: Whole body and PNF exercises.

Comparator (C)
•	 Control Groups: Studies with control groups engaging in non-exercise activities or 

receiving no intervention were included.
•	 Alternative Interventions: Comparisons between different types of exercise (e.g., aerobic 

vs. resistance training) were also considered.
•	 No Comparator: Single-group pre-post studies without a comparator were included if they 

provided pre- and post-intervention measurements.

Outcomes (O)
Left and Right Hemispheric Brain Functions: Measurements of various cognitive domains, 
including:

•	 Memory: Verbal and spatial memory assessments.
•	 Executive Function: Exercises evaluating planning, problem solving, and working memory.
•	 Neuroimaging Findings: Structural and functional changes in the brain.

Study Design (S)
•	 Randomised control Trail (RCT), Non-Randomized Controlled Trial

 Exclusion Criteria:
•	 Case reports, reviews, and theoretical papers were excluded.
•	 Studies involving participants with severe neurological disorders were excluded due to 

brain structure and function differences.

Data Extraction 
The reviewer, N.K. Sekh, and N.P. Mali, Research Scholar at Visva-Bharati University, and S.P. 
Mahato, Research Scholar at Central University of Kerala, performed data extraction independently 
using standardized extraction procedures. Any discrepancies that arose during the extraction 
process were resolved through discussion and consensus with a second reviewer, S. Mondal, who is 
a Professor, Department of Physical Education & Sport Science, Visva-Bharati University, India. The 
following information was carefully extracted from each included study (Table.1A and Table.1B):
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•	 Study Characteristics: Authors, publication year
•	 Participant Characteristics: Age, sex, health status, and baseline cognitive function.
•	 Intervention Details: Type, duration, frequency, and intensity of exercise.
•	 Outcome Measures: Cognitive assessments, Neuroimaging findings, Neurophysiological and Neurochemical analyses.

Table 1A. Immediate (Acute) Effects of Exercise on Left and Right Hemispheric Brain Function

Authors, Publication 
Year Participants Exercise Type Duration / 

Frequency
Neuroimaging / 

Assessment
Statistically Significant Hemispheric 

Effects

1. Gannon et al. (1992) 20 adults
Isometric/isotonic arm 

curls at 25% and 95% 1RM
Single session; 
repeated trials

EEG (temporal electrodes) & 
EMG

Increased EEG activity, particularly right-
hemisphere beta, linked to attentional 

focus before high-load lifting, suggesting 
lateralized preparatory processes for strength 

exercises.

2. Petruzzello & Landers (1994) 19 right-handed men
Acute treadmill running at 

75% VO₂max
Single 30-min bout

EEG (frontal/temporal alpha 
asymmetry) + state anxiety

Aerobic exercise reduced anxiety and 
increased left frontal activation relative 

to right, consistent with the cerebral 
lateralization hypothesis for affective change.

3. Benwell et al. (2005)
Healthy adults (N not 
clearly stated; 10–15)

Acute unilateral fatiguing 
hand exercise (right hand)

Single session; 
fatiguing 

contractions, then 
motor task

fMRI of primary sensorimotor 
cortex (SM1 ) during paced 

hand movements

Fatiguing right-hand exercise reduced 
bilateral SM1 activation, suggesting altered 

hemispheric recruitment and increased 
variability in motor cortex activation after 

fatigue.

4. McMillan et al. (2006) 14 right-handed adults
Choice-hand wrist RT 
exercises (no training)

Single experimental 
session

TMS over left/right M1; 
corticomotor excitability

Both hemispheres showed excitability 
changes, but left M1 exhibited direction- and 

goal-based preparation, indicating a left-
hemisphere dominance in higher-order motor 

planning.

5. Netz et al. (2007) 24 right-handed adults
Acute moderate-intensity 
aerobic exercise (cycling)

Single 30-min bout at 
70% HRmax

EEG over frontal and central 
hemispheric sites; motor 

execution task

Enhanced left-hemisphere activation 
during motor planning; right-hemisphere 

modulation during execution.

6. Tsujii et al. (2013) 14 older adults Moderate-intensity cycling
Single session; 

exercise vs control
fNIRS over PFC during WM 

exercises
Enhanced activation, especially in the left 

PFC, after exercise.

7. Li et al. (2014) 15 young women
Acute moderate-intensity 

cycling
Single 20-min session 

vs rest
fMRI during N-back working 

memory task
Changes in activity across left and right 

frontal/occipital regions.
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Authors, Publication 
Year Participants Exercise Type Duration / 

Frequency
Neuroimaging / 

Assessment
Statistically Significant Hemispheric 

Effects

8. Tempest et al. (2014) Healthy adults (~20)
Incremental cycling 

exercise
Single graded test

Multi-channel fNIRS over 
bilateral PFC

Differential left/right PFC oxygenation 
associated with affect.

9. Stone et al. (2016) 9 adults
Incremental cycling to 

exhaustion
Single graded 
exercise test

fNIRS over bilateral PFC
Significant right-hemisphere dominance in 
PFC oxygenation at high exercise intensities

10. Fernandez et al. (2017) 14 healthy adults
No training per se; tDCS 

during gait adaptation

Single experimental 
session; cathodal 

tDCS to right 
cerebellar hemisphere

tDCS + gait analysis (pressure-
sensitive walkway)

Cathodal tDCS over the right cerebellum 
disrupted adaptation for one template, 

highlighting the right-hemisphere cerebellar 
role in spatial-temporal gait adaptation.

11. Metzger et al. (2017) 12 young adults
Treadmill walking (single-

task and dual-task with 
verbal fluency)

Single session; 
multiple walking 

blocks

fNIRS over bilateral fronto-
temporo-parietal regions

Significant bilateral activation with strong 
engagement of left-lateralized language 

regions and right homologues.

12. Martinez et al. (2019) 
15 right-handed young 

adults

Physical and imagined 
unilateral isometric elbow 

flexions

Single session; 
repeated 

5-scontractions

EEG (MRCP, ERSP) over 
left/right prefrontal and 

sensorimotor cortices

Significant contralateral (left) hemispheric 
activation during dominant arm contractions, 

with bilateral effects for the non-dominant 
arm

 13. Xu et al. (2019) 
23 right-handed young 

adults
25-min moderate-intensity 

cycling
Single session 

(exercise vs control)
fNIRS over four left-

hemisphere MNS regions
Significant increase in activation of left-

hemisphere mirror neuron system regions

14. Mirifar et al. (2020) 22 right-handed adults
45 dynamic unilateral 
handgrip contractions 

(each hand)
Single session

EEG alpha (8–12 Hz) across the 
cortex

Significant bilateral alpha amplitude changes, 
greater following left-hand contractions

15. Yu et al. (2022) 60 male college students
Short physical exercise 

break vs prolonged sitting

Single-session 
intervention during 

prolonged sitting

fNIRS over PFC; connectivity 
analysis

Increased left-hemisphere connectivity 
(dlPFC–anterior PFC) in exercise-break 

group

16. Khan et al. (2023) 
1 professional alpine skier 

(case study)
Balance exercises: single-leg 
stance and barefoot walking

Single session fNIRS over the motor cortex
Greater cortical activation in right hemisphere 

during left-leg stance
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Table 1B. Effects of Regular (Chronic) Exercise on Left and Right Hemispheric Brain Function

Authors, Publication 
Year Participants Exercise Type Duration / Frequency Neuroimaging / 

Assessment
Statistically Significant Hemispheric 

Effects

1. Landers et al. (1991) 24 pre-elite archers
EEG biofeedback during 

archery

15-week feedback 
intervention (correct vs 

incorrect vs control)
EEG (T3, T4)

Significant modulation of left temporal 
hemisphere activity associated with 

improved performance.

2. Landers et al. (1994)
11 novice right-handed 

archers
Repeated archery practice 

16-week training; pre 
(week 2) and post (week 

14)
EEG + HR monitoring

Emergent hemispheric asymmetries (left vs 
right alpha) with learning

3. Colcombe et al. (2006)
59 older adults (60–79 y) 

+ 20 young controls
Aerobic walking vs 

toning/stretching control
6-month RCT; 3 sessions/

week
Structural MRI; grey/
white matter volume

Regional changes were examined bilaterally 
(frontal, temporal, parietal lobes).

4. Cirillo et al. (2009)
28 adults (14 active, 14 

sedentary)

Regular moderate-to-
vigorous aerobic activity 

vs sedentary

Chronic: >150 min/week 
vs <150 min/week

TMS (PAS; MEPs from left 
APB)

Significant increase in left motor cortex 
plasticity in physically active individuals.

5. Erickson et al. (2011) 120 older adults
Aerobic walking vs 
stretching/toning

1 year; 3 days/week
Structural MRI 

(hippocampal volumes, 
left/right)

Anterior hippocampal volume changes were 
assessed bilaterally

6. Semprini et al. (2012)
Skilled sportsmen vs 

controls
Long-term sports training 

(various modalities)
Chronic training history

Behavioral Poffenberger 
paradigm (crossed–

uncrossed difference)

Longer CUD in sportsmen; inference on 
interhemispheric vs intrahemispheric 

integration

7. Pesonen et al. (2021)
9 older trained men vs 8 
untrained controls (77 y)

10-year quasi-supervised 
resistance training

Long-term (10 years)
MEG (somatosensory 

P3m)
Differences in hemispheric P3m topography, 

especially right frontotemporal/parietal

8. Norling et al. (2024)
Older sedentary women 

(N ~ 20–30)
High-intensity interval 

training (cycling)
8-week HIIT intervention

MRI (hippocampal 
subfields, hemispheric 

GM), OEF, CBF

Significant association between right-
hemisphere gray matter volume and 

language performance
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Summary of Table 1A and Table 1B: 
The effects of immediate (acute) and regular (chronic) exercise on left- and right-hemispheric brain 
function are summarized in Table 1A and Table 1B, based on studies that reported statistically 
significant results. 

In summary (Table 1A), immediate (acute) exercise with low intensity improved cortical 
activation, hemodynamics, and executive processing of the left hemisphere. Moderate intensity 
was a notable point in the left hemisphere, which is associated with motor planning of the left 
cortex. Also, high-intensity acute exercise has shown that right-hemispheric activation is involved 
in stress processing and autonomic control.

In Summary (Table 1B ), after 4 months of chronic exercise, left temporal hemispheric activation, 
6 month chronic exercise showed that hemispheric asymmetry (left and right alpha activity), 
performing 1 year of chronic exercise highlighted bilateral regional changes (frontal, temporal, 
and parietal lobes), and above 1 year chronic exercise increased right hemispheric activation.

In addition, some of the included studies did not statistically show hemispheric differences 
after exercise and thus are not presented in Tables 1A and 1B, such as Etnier et al. (2001), Garry et 
al. (2004), Parkinson et al. (2009), Ramsoy et al. (2012), Semprini et al. (2012), Stockel et al. (2016), 
Manca et al. (2016), Galamb et al. (2018), Swanson & Fling (2020), Nettekoven et al. (2022), and 
Aksu et al. (2024).

Risk of Bias Assessment
The Cochrane Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) was used 
to assess risk of bias in non-randomized studies. Three reviewers (N.K. Sekh, N.P. Mali, and S.P. 
Mahato) independently evaluated each outcome measure for risk of bias using the appropriate 
assessment tool. They also consulted with the fourth reviewer, Professor S. Mondal. An overall 
risk-of-bias judgment was recorded for each outcome measure.

The decision to evaluate risk of bias for each outcome measure within a study, rather than for the 
entire study, was based on the varying characteristics of the outcome measures, and the implications 
for the judgments were assessed using ROBINS-I (Jeyaraman et al., 2020; McGuinness & Higgins, 
2021). Below, a summary of the 35 studies is presented (Figs. 2 & 3). Also, the included studies have 
detailed domain-level risk-of-bias assessments outlined in the Supplementary Materials (Table S1). 
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Including Studies Risk of Bias Assessment through ROBINS-I 

Figure 2. Traffic-light plot (Risk of Bias)
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A study-level traffic-light plot of domain-specific judgments gives insight into differences in 
risk of bias in individual studies. In general, although some studies showed low to moderate risk in 
some of the chosen areas, many were judged to have serious or critical overall risk of bias.

Figure 3. Summary Plot 

The general distribution of risk-of-bias ratings across domains, with a large majority of studies 
having moderate to serious risk of bias, and specifically higher risk of bias in the areas of confounding 
and participant selection. Less bias in the classification of interventions and the deviations from the 
intended interventions were more often found to have lower risk ratings.

DISCUSSION

This systematic review presents strong evidence that physical exercise stimulates hemisphere-
specific neural responses rather than symmetric or equivalent changes in the brain. A 
conventionalized viewpoint is that the exercise has an overall cognitive-enhancement effect; 
rather, it shows that neural advantages depend on the nature, intensity, and cognitive challenge of 
the exercise. Essentially, exercise can be viewed as a neuromodulatory input, selectively increasing 
existing hemispheric specializations associated with motor control, emotion regulation, and spatial 
processing. The present review results highlight a shift of paradigm - the shift in thinking about 
exercise as a general cognitive enhancer to thinking of it as a specific mechanism of hemispheric 
lateralization and functional efficacy. In the following, we summarize the effects of endurance 
(aerobic), resistance (strength), and coordination exercises on hemispheric activity.

Endurance Exercise (Aerobic exercise)
Aerobic fitness is an indicator of motor skill acquisition and retention, as evidenced by alpha activity 
patterns in the left hemisphere, suggesting left-frontal activity during encoding and retention of 
motor patterns (Etnier et al., 2001). Anxiety levels decrease following aerobic exercise, accompanied 
by a commensurate rise in relative left-frontal EEG activity (Petruzzello and Landers, 1994), which 
is also consistent with models associating left prefrontal activity with positive affect. Moderate 
cycling exercise among the elderly leads to a better performance of working memory as well as the 
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greater activation of the left PFC (Tsujii et al., 2013), and moderate-intensity exercise leads to the 
higher activation of left-hemisphere mirror neuron system areas, which contribute to the motor 
cognition and socially relevant understanding of actions (Xu et al., 2019).

Regular endurance exercise affects the network level in both the left and right hemispheres, 
including interhemispheric and subcortical systems. Volumetric MRI studies indicate the presence 
of undetectable asymmetries in the lentiform nuclei, as well as tendencies toward increased left 
putamen and lentiform volumes, and age-associations in the right globus pallidus (Aksu et al., 2024). 
Endurance exercise participants also display improved plasticity of the motor cortex, especially in 
the left hemisphere (Cirillo et al., 2009). Long-term aerobic training enhances hippocampal gray and 
white matter (Colcombe et al., 2006; Erickson et al., 2011), which may affect functional hemispheric 
balance during aging. Synchronous networks of working memory are also restructured by acute 
endurance exercise, with an asymmetric pattern of hemisphere deactivations and activations (Li et 
al., 2014), or bilateral but demand-sensitive cortical recruitment, with increased right-hemisphere 
activation during cognitive load (Metziger et al., 2017). The intensity-related divergence in PFC 
oxygenation and affective responses is found only during graded cycling, especially in the left 
hemisphere (Tempest et al., 2014).

Overall, endurance exercise results in extensive bilateral adjustments, with the right hemisphere 
more favourable for high-demand, dynamic exercise and the left hemisphere more strongly activated 
in motor learning, executive control, emotional recovery, and social cognition.

Strength Exercise (Resistance Exercise)
In near-maximal arm curls, the beta-activity of the right hemisphere is more pronounced despite 
equivalent EMG-activity, suggesting the mobilisation of cognitive-attentional activity as opposed 
to the effect of greater motor output (Gannon et al., 1992). There are bilateral alpha changes of 
unilateral handgrip, with higher effects following left-hand (right-hemisphere-controlled) 
contraction, indicating the domination of the right hemisphere in post-exercise cortical regulation 
(Mirifar et al., 2020). An increase in the strength of right-hemisphere activation (frontotemporal 
and parietal responses) to somatosensory stimuli in older adults with chronic resistance training 
may provide evidence of compensatory activation or intact sensory-cognitive processing (Pesonen 
et al., 2021). Proprioceptive data in lower limbs indicate that the non-dominant leg is better in 
right-dominant individuals, which is in line with the specialization of the right hemisphere in 
proprioception, although it is small and limb localized (Galamb et al., 2018).

In comparison, voluntary movement control and motor imagery are always associated with 
the left hemisphere, particularly with dominant-limb exercise. Regarding unilateral isometric 
contractions, the left hemisphere is dominant for dominant-arm physical contractions and bilateral 
for non-dominant exercise (Martinez et al., 2019). Although involuntary postural aftercontractions 
involve left precentral and superior parietal areas (Parkinson et al., 2009), this argues against purely 
subcortical accounts of involuntary strength-related responses and supports the involvement of the 
left hemisphere in organized motor control.

Unilateral hand muscle resistance training exerts interhemispheric effects by increasing strength 
in both trained and untrained hands without altering cortical excitability, interhemispheric inhibition, 
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or interhemispheric connections (Manca et al., 2016). This implies that behavioural cross-education 
may be possible without measurable cortical neuroplasticity, suggesting homeostatic processes that 
maintain a balance of hemispheric functioning despite asymmetric loading.

Coordinative exercise
In the single-leg stance, the right premotor cortex becomes more active than in the left-leg 
stance, indicating greater demands on postural control and reflecting the dominance of the right 
hemisphere in whole-body balance (Khan et al., 2023). Coordinative exercise emphasizes motor 
preparation, sequencing, and skill acquisition in the left hemisphere. Greater hemisphere-specific 
contingent negative variation responses are observed among more physically active individuals, 
suggesting that they use the left hemisphere more (Cirillo et al., 2017). The motor-evoked potentials 
(MEPs) and the decreased intracortical inhibition facilitated by post-task after fine motor practice 
are only associated with learning in the left hemisphere during dominant right-hand activities 
(Garry et al., 2004). The EEG asymmetry and decreased heart rate patterns have been demonstrated 
in archery studies in which higher left-hemisphere alpha activity precedes poor performance, 
increased left-low-frequency activity leads to better performance, and biofeedback targeting left 
low-frequency activity leads to poorer performance (Landers et al., 1994; Landers et al., 1991). 
Goal-directed movement preparation does selectively engage a segment of the left Middle Cerebral 
Artery (MCA), despite the responding hand being non-dominant (McMillan et al., 2006), indicating 
that non-dominant directional planning is a left-hemisphere activity. Short physical activities may 
also increase left-hemisphere prefrontal connectivity and improve episodic memory performance, 
indicating greater neural efficiency even without immediate behavioural change (Yu et al., 2022). 

Potential Mechanisms: Converging and Diverging Reports
Right-lateralized networks involved in predictive motor control, spatial integration, and aversive 
interception processing (e.g., gait adaptation, turning, single-leg stance, high-intensity cycling) are 
also involved in endurance and spatially complex, predictive, and fatigue-dependent exercise (Lara 
Fernandez et al., 2017; Stone et al., 2016; Swanson and Fling, 2020; Khan et al., 2023; Nettekoven et al., 
2022). Contrary to that, holistic control, motor sequencing, working memory, affect regulation, and 
social cognition are left-lateralized frontal and parietal (Etnier et al., 2001; Petruzzello and Landers, 
1994; Tsujii et al., 2013; Xu et al., 2019; Cirillo et al., 2017; Garry et al., 2004; McMillan et al., 2006).

The moderate-intensity endurance exercise appears to selectively engage the left PFC and related 
systems in favour of executive and emotional advantages (Petruzzello and Landers, 1994; Tsujii et 
al., 2013; Xu et al., 2019), but the high-intensity or close-to-exhaustive exercise forces the system 
to rely on the right PFC, which is reliable in processing stress, fatigue, and unpleasant affect (Stone 
et al., 2016; Tempest et al., 2014). However, Mondal & Banerjee (1994) found left-hemisphere 
dominance following exhaustive exercise.

Immediate vs Regular Exercise Effects on Hemispheric Brain Function
A direct comparison of the effects of acute (immediate) and chronic (regular) exercise reveals 
distinct patterns of hemispheric involvement. Transient, task and intensity-dependent hemispheric 
activity modulation is the most common outcome of acute exercise and is frequently manifested 
by short-term variations in cortical activation, hemodynamics, affect regulation, and executive 
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processing (Petruzzello & Landers, 1994; Tsujii et al., 2013; Xu et al., 2019; Tempest et al., 2014). 
Such effects are often lateralized, with moderate-intensity exercise preferentially engaging left-
hemisphere systems involved in executive control and motor regulation (Tsujii et al., 2013; Xu 
et al., 2019; Cirillo et al., 2017). High-intensity or fatiguing exercise increasingly relies on right-
hemisphere systems involved in stress processing, autonomic control, and fatigue coping (Stone et 
al., 2016; Tempest et al., 2014). However, Mondal and Banerjee (1994) found that after exhaustive 
exercise, the hemispheric dominance shifted to the left cortex. 

Conversely, regular (chronic) four months of structured exercise were associated with enhanced 
activation in the left temporal hemisphere, particularly in regions implicated in sensorimotor 
integration and task-relevant attentional processing (Landers et al., 1991). After about six months 
of chronic training, studies reported the emergence of hemispheric asymmetry, reflected mainly 
in altered left–right alpha activity and functional connectivity, indicating a reorganization of 
interhemispheric communication and lateralized cortical networking (Landers et al., 1994). After 
approximately 1 year of exercise, neuroimaging findings demonstrated more global, bilateral 
changes, with significant structural and/or functional adaptations observed across frontal, 
temporal, and parietal regions in both hemispheres (Colcombe et al., 2006; Erickson et al., 2011). 
These changes suggest widespread neuroplasticity, including improvements in executive control, 
memory-related processes, and sensorimotor integration (Hillman et al., 2008; El-Sayes et al., 
2019). In individuals with more than 1 year of regular training, the evidence further indicated a 
predominance of right-hemispheric engagement, especially in frontotemporal and parietal regions 
(Pesonen et al., 2021; Norling et al., 2024). This right-sided bias appears to be linked to enhanced 
functions such as spatial processing, postural control, and complex motor adaptation, reflecting a 
more stable, possibly compensatory, pattern of hemispheric specialization induced by long-term 
exercise (Serrien et al., 2006; Stoodley, 2012).

Sources of Inconsistency of Methodology
A large number of the seemingly conflicting studies could be traced to differences in sample 
attributes, neuroimaging equipment, and exercise methodology.

The population and sample are significantly different. The sample (older sedentary adults or 
older adults with long-term resistance training) of some studies is older adults (Norling et al., 2024; 
Swanson and Fling, 2020; Pesonen et al., 2021), whereas a younger or mixed-age sample is used 
in other studies (Etnier et al., 2001; Cirillo et al., 2009; Benwell et al., 2005; Cirillo et al., 2017) or 
elite athletes (Khan et al,; 2023) Lateralization is affected by age, training history and handedness, 
such that, the same exercise might be performed by different hemispheric patterns across different 
groups of people.

Various levels of neural function are also sampled by neuroimaging and neurophysiological 
techniques, such as tDCS (Lora Fernandez et al., 2017), structural MRI (Aksu et al., 2024; Colcombe 
et al., 2006; Erickson et al., 2011), fMRI (Benwell et al., 2005; Parkinson et al., 2009; Li et al., 2014), 
NIRS/fNIRS (Stone et al., 2016). 

The duration of exercise, the nature of the exercise, and resistance training also contribute to 
the interpretation problem. Transient hemodynamic, neurochemical, or affective variations are 
usually studied in acute exercise (e.g., Petruzzello and Landers, 1994; Tsujii et al., 2013; Tempest 
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et al., 2014; Li et al., 2014; Yu et al., 2022), and structural and network-level plasticity are found in 
longer exercise interventions (e.g., Norling et al., 2024; Pesonen et al., 2021). Other hemispheric 
mechanisms are involved in graded or high-intensity work compared to moderate and skill-oriented 
protocols (Tsujii et al., 2013; Xu et al., 2019; Cirillo et al., 2017). Besides, dual-task or cognitive load 
during exercise (Metziger et al., 2017; Landers et al., 1994; Landers et al., 1991) can significantly 
displace patterns of lateralization compared with pure motor exercise.

Short-lasting mood-related and neuromodulator neuron responses are recorded immediately 
after exercise (Petruzzello and Landers, 1994; Tsujii et al., 2013; Tempest et al., 2014; Li et al., 
2014), whereas delayed or longitudinal measurements (Colcombe et al., 2006; Erickson et al., 2011; 
Norling et al., 2024; Yu et al., 2022) provide measurements of consolidation. Variations in the time 
at which the brain is sampled with respect to exercise, therefore, lead to visible differences in the 
direction and magnitude of hemispheric effects.

CONCLUSION

This comprehensive systematic review presents a detailed synthesis of the current literature, 
focusing on the different impacts of exercise on hemispheric health. The synthesis of findings 
underscores the complicated and multifaceted nature of exercise’s influence on neuroplasticity, 
cognitive function, and emotional regulation, revealing distinct benefits associated with the left 
and right hemispheres. Furthermore, the specific effects of exercise on the left and right hemispheres 
remain unexplored. Filling these gaps could enhance our understanding of how different exercises 
affect each hemisphere. The present research group recommends the following areas for future 
research and their social applications.

1.	 Hemispheric Differences: Most studies focus on overall brain improvements without 
addressing how each hemisphere uniquely responds to immediate and regular exercise.

2.	 Exercise Type Comparison: Few studies explore the differential impacts of aerobic vs. 
anaerobic exercise on hemisphere-specific functions.

3.	 Neuroimaging Utilization: Exercise research often relies on behavioral tests instead of 
neuroimaging techniques, limiting insight into brain activity changes.

4.	 Longitudinal Research: There is a lack of studies examining the long-term effects of 
exercise on hemispheric functions. 
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Supplementary Materials: (Table S1)

Author Study Title Confounding Selection Classification Deviations Missing Data Out Come Reporting
Overall 

Risk

(Aksu et al., 2024)

Evaluation of Lentiform 
Nuclei Volume in Healthy 
Individuals Who Exercise 

Regularly Using the 
Semi-automatic Tracing 

Technique

Moderate Critical Low Low Moderate Moderate Moderate Critical

(Cirillo et al., 2017)
The impact of physical 

activity on motor 
preparation in young adults

Moderate No 
information Moderate Low Low Low Moderate Moderate

(Cirillo et al., 
2009)

Motor cortex plasticity 
induced by paired 

associative stimulation 
is enhanced in physically 

active individuals

Moderate Serious Low Serious Low Low Low Serious

(Benwell et al., 
2005)

Sensorimotor Cortex 
Activation after Fatigue Serious Moderate Low Low Moderate Moderate Low Serious

(S. J. Colcombe et 
al., 2006)

Aerobic exercise training 
increases brain volume in 

aging humans
Moderate Critical Low Low Moderate Moderate Moderate Critical

(Erickson et al., 
2011)

Exercise training increases 
size of hippocampus and 

improves memory 
Moderate Serious Low Low Serious Moderate Low Serious

(Etnier et al., 2001)
Acquisition and Retention of 

Motor Skills as a Function 
of Age and Aerobic Fitness

Moderate Low Serious Moderate Low Serious Moderate Serious

(Fernandez et al., 
2017)

Cathodal Transcranial 
Direct Current Stimulation 

(tDCS) to the Right 
Cerebellar Hemisphere 

Affects Motor Adaptation 
During Gait.

Moderate Serious Low Low Low Low Moderate Serious

(Galamb et al., 
2018)

Effects of side-dominance 
on knee joint proprioceptive 

target-matching 
asymmetries

Serious Low Low Low Serious Moderate Serious Serious
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Author Study Title Confounding Selection Classification Deviations Missing Data Out Come Reporting
Overall 

Risk

(Gannon et al., 
1992)

An Analysis of Temporal 
Electroemeeptialograpliic 

Patterning Prior to 
Initiation of the Arm Curl

Moderate Critical Low Low Moderate Moderate Moderate Critical

(Garry et al., 2004)

Hemispheric Differences in 
the Relationship Between 
Corticomotor Excitability 
Changes Following a Fine-

Motor Task and Motor 
Learning

Moderate No 
information Moderate Low Low Low Moderate Moderate

(Khan et al., 2023)

Single-leg stance on a 
challenging surface can 

enhance cortical activation 
in the right hemisphere – A 

case study.

Moderate Serious Low Serious Low Low Low Serious

(Landers et al., 
1994)

Effects of learning on 
electroencephalographic 
and electrocardiographic 

patterns in novice archers.

Serious Moderate Low Low Moderate Moderate Low Serious

(Landers et al., 
1991)

The influence of 
electrocortical biofeedback 
on performance in pre-elite 

archers

Moderate Critical Low Low Moderate Moderate Moderate Critical

(Li et al., 2014)

Acute Aerobic Exercise 
Increases Cortical Activity 
during Working Memory: 

A Functional MRI Study in 
Female College Students

Moderate Moderate Low Moderate Moderate Serious Moderate Serious

(Manca et al., 
2016)

No evidence of neural 
adaptations following 

chronic unilateral isometric 
training of the intrinsic 
muscles of the hand: a 

randomized controlled 
study

Moderate Serious Low Low Serious Moderate Low Serious
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Author Study Title Confounding Selection Classification Deviations Missing Data Out Come Reporting
Overall 

Risk

(Martinez et al., 
2019)

Brain Activity During 
Unilateral Physical and 

Imagined Isometric 
Contractions

Moderate Low Serious Moderate Low Serious Moderate Serious

(McMillan et al., 
2006)

Corticomotor excitability 
during a choice-hand 

reaction time task. 
Moderate Serious Low Low Low Low Moderate Serious

(Metzger et al., 
2017)

Functional brain imaging of 
walking while talking – An 

fNIRS study
Serious Low Low Low Serious Moderate Serious Serious

(Mirifar et al., 
2020)

Effects of the unilateral 
dynamic handgrip on 

resting cortical activity 
levels: A replication and 

extension

Moderate Critical Low Low Moderate Moderate Moderate Critical

(Nettekoven et al., 
2022)

Cerebellar GABA Change 
during Visuomotor 

Adaptation Relates to 
Adaptation Performance 
and Cerebellar Network 

Connectivity: A Magnetic 
Resonance Spectroscopic 

Imaging Study

Moderate No 
information Moderate Low Low Low Moderate Moderate

(Norling et al., 
2024)

Effects of a brief HIIT 
intervention on cognitive 

performance in older 
women

Moderate Serious Low Serious Low Low Low Serious

(Parkinson et al., 
2009)

Brain activation in an 
involuntary human action Serious Moderate Low Low Moderate Moderate Low Serious

(Pesonen et al., 
2021)

Ten-year resistance training 
background modulates 

somatosensory P3 cognitive 
brain resonse in older men: 
A magnetoencephalograpy 

study.

Moderate Critical Low Low Moderate Moderate Moderate Critical
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Author Study Title Confounding Selection Classification Deviations Missing Data Out Come Reporting
Overall 

Risk

(Petruzzello & 
Landers, 1994)

State anxiety reduction and 
exercise: does hemispheric 

activation reflect such 
changes? 

Moderate Moderate Low Moderate Moderate Serious Moderate Serious

(Ramsoy et al., 
2012)

Healthy aging attenuates 
task-related specialization in 
the human medial temporal 

lobe.

Moderate Serious Low Low Serious Moderate Low Serious

(Semprini et al., 
2012)

Interhemispheric Transfer 
Time in Sportsmen Moderate Low Serious Moderate Low Serious Moderate Serious

(Stockel et al., 
2016)

Motor learning and cross-
limb transfer rely upon 

distinct neural adaptation 
processes.

Moderate Serious Low Low Low Low Moderate Serious

(Stone et al., 2016)

Asymmetry of Cerebral 
Hemodynamic Response 
to Incremental Cycling 

Exercise

Serious Low Low Low Serious Moderate Serious Serious

(Swanson & Fling, 
2020)

Associations between 
Turning Characteristics and 
Corticospinal Inhibition in 

Young and Older Adults

Moderate Moderate Low Moderate Moderate Serious Moderate Serious

(Tempest et al., 
2014)

Prefrontal Cortex 
Haemodynamics and Affective 
Responses during Exercise: A 
Multi-Channel Near Infrared 

Spectroscopy Study

Moderate Serious Low Low Serious Moderate Low Serious

(Tsujii et al., 2013)

Acute Effects of Physical 
Exercise on Prefrontal 

Cortex Activity in Older 
Adults: A Functional Near-

Infrared Spectroscopy Study

Moderate Low Serious Moderate Low Serious Moderate Serious

(Xu et al., 2019)

The Positive Effect of 
Moderate-Intensity Exercise 

on the Mirror Neuron 
System: An fNIRS Study

Moderate Serious Low Low Low Low Moderate Serious
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Author Study Title Confounding Selection Classification Deviations Missing Data Out Come Reporting
Overall 

Risk

(Yu et al., 2022)

Neurobehavioral 
mechanisms underlying the 
effects of physical exercise 
break on episodic memory 
during prolonged sitting.

Serious Low Low Low Serious Moderate Serious Serious

Netz et al. (2007)  

The effect of a single aerobic 
training session on cognitive 

flexibility in late middle-
aged adults

Serious Low Low Low Serious Moderate Serious Serious


	Strukturální záložky
	Background: Research is advancing rapidly, focusing on the whole brain; it examines whole-brain outcomes, with limited attention to how exercise influences specific hemispheric processes. The impacts of different exercises on the left and right hemispheres remain unmapped. Aim: This systematic review aims to determine the effects of immediate and regular exercise on left- and right-hemispheric brain function. Method: The researchers collected 363 articles in this area from the following scientific databases


