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Rethinking neurophysiology of
delayed onset muscle soreness:
updated concepts and
mechanisms for mitigation across
endurance, resistance, and
plyometric exercise
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Delayed-onset muscle soreness (DOMS) is a physiological response to intense
eccentric exercise across endurance, resistance, and plyometric training.
Although traditionally attributed primarily to structural muscle damage and
inflammation, accumulating evidence indicates that DOMS is a multifactorial
neurophysiological response involving complex interactions between
peripheral tissue responses, inflammatory signalling, neural sensitisation,
proprioceptive alterations, and central nervous system adaptations.

Objective: This review aimed to synthesise current evidence on the
neurophysiological mechanisms underlying DOMS across endurance,
resistance, and plyometric exercise within an integrated neurophysiological
framework. It further examined the mechanisms underpinning therapeutic
interventions, critically evaluated current approaches to DOMS assessment,
and explored their implications for personalised recovery strategies, providing
key-take-home to help clinicians and field partitioners.

Methods: This systematic review with narrative synthesis followed PRISMA 2020
guidelines and registered with the International Prospective Register of
Systematic Reviews (PROSPERO). 1,183 articles, including clinical trials
examining DOMS neurophysiology and therapeutic interventions across
exercise modalities were screened.

Results: The evidence indicates that DOMS cannot be explained by a single
biological mechanism. Rather, distinct exercise modalities activate overlapping
but different combinations of inflammatory, neural, metabolic, and
proprioceptive pathways that influence symptom development and recovery.
The findings further indicate that different exercise modalities elicit unique
neuromuscular adaptations, with endurance training leading to cumulative
inflammatory responses, resistance training inducing nociceptor sensitization,
and plyometric exercise disrupting proprioceptive control. Endurance exercise
produces IL-6 increase within 48 h but shows inflammation reduction after
repeated bouts. Resistance training causes strength loss with Group IlI/IV
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1 Introduction
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nociceptor activation. Plyometric exercise disrupts proprioception alongside C-
fiber sensitization. Recovery interventions show DOMS reduction: compression
garments SMD = —0.44, acupuncture SMD = -0.89, foam rolling SMD = -0.34,
but majority of studies lack extractable effect sizes preventing meta-analysis.
Intervention efficacy appeared to vary according to exercise modality, exercise
load, and individual neurophysiological responses, suggesting a dose-response
influence on recovery outcomes.

Conclusion: Collectively, the evidence supports the concept that DOMS should
be regarded as a multifactorial neurophysiological response rather than simply
a consequence of muscle damage. Exercise-specific recovery optimizes DOMS
management: active recovery for endurance, compression/photobiomodulation
for resistance, foam rolling/acupuncture for plyometric. Chronic training
reduces DOMS through repeated bout adaptation. Future research should
prioritise  standardised outcome reporting together with ~mechanistic
biomarkers and adequately designed longitudinal studies to strengthen the
evidence base. This review highlights the need for individualized and exercise-
specific recovery strategies to optimize DOMS mitigation, post-exercise
recovery, and requires rehabilitation protocols based on neural and biochemical
markers. Recovery interventions should also consider the dose-response
relationship between exercise load and neurophysiological stress, as treatment
effectiveness may vary according to DOMS severity and training demands.
Given the variability in individual responses, integrating multiple assessment
tools enhances accuracy and reliability in both research and clinical settings.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420261294291, PROSPERO CRD420261294291.

KEYWORDS
delayed onset muscle soreness, eccentric exercise, endurance, exercise modality,
neurophysiology, plyometric, recovery strategies, rehabilitation

assessments demonstrate that DOMS can occur without
detectable microscopic muscle fiber disruption (20-25). These

Delayed Onset Muscle Soreness (DOMS) is a transient
physiological response to unaccustomed or high-intensity
exercise, particularly when eccentric muscle contractions are
involved. It is characterized by muscle pain, stiffness, swelling,
reduced range of motion, impaired proprioception, and
temporary loss of strength. Symptoms typically develop within
several hours following exercise, peak between 24 and 72 h, and
generally resolve within 5-7 days (1-9). DOMS affects
individuals across all levels of training status but is most
pronounced following novel or mechanically demanding loading
patterns such as resistance exercise, plyometric movements, or
downbhill running (7, 10-15).

Earlier hypotheses attributed DOMS to the accumulation of
metabolic by-products such as lactate; however, this explanation
has been conclusively refuted. Contemporary evidence supports
a multifactorial model in which DOMS emerges from the
interaction of inflammatory processes (4, 16, 17), nociceptor
sensitization (9, 18), neuromuscular dysfunction (10), and
central nervous system involvement (18, 19) rather than from a
single structural cause.

Although Delayed Onset Muscle Soreness (DOMS) often co-
occurs with Exercise-Induced Muscle Damage (EIMD), growing
evidence indicates that they are not interchangeable. Advanced
imaging techniques, including high-resolution and ultra-high-
field MRI, biochemical markers, and neurophysiological
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findings highlight the role of neurophysiological mechanisms
beyond overt structural damage.

A clear distinction between DOMS and EIMD is therefore
essential. EIMD is typically associated with structural disruption
and pronounced inflammatory responses, including elevations in
creatine kinase (CK) (6, 26, 27), lactate dehydrogenase (LDH)
(14), C-reactive protein (CRP) (28), and interleukin-6 (IL-6) (4,
20-23, 29). Additional biomarkers such as alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
further reflect tissue damage and systemic inflammation (21). In
contrast, DOMS involves complex sensory and neuromuscular
processes, including altered afferent feedback, peripheral and
central sensitization, and transient impairments in motor control.

Imaging-based classification systems reinforce this distinction.
The Peetrons ultrasound grading scale and its MRI adaptations
categorize muscle injuries from Grade 0 (no detectable lesion)
to Grade III (complete rupture) (24). Within this framework,
DOMS is classified as a Grade I injury, characterized primarily
by edema without significant architectural disruption (23, 24).
Supporting this, 7T MRI of the gastrocnemius following
strenuous exercise-induced DOMS revealed no microscopic
muscle injury (20), suggesting neural and metabolic
contributions rather than direct fiber damage.

Neurophysiological evidence further differentiates DOMS
from EIMD. Cabral et al. (25) demonstrated persistent
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disruptions in M-wave surface EMG following eccentric
contractions that induced DOMS, indicating transient
neuromuscular dysfunction rather than structural injury.

Collectively, these findings underscore the need to distinguish
DOMS from EIMD, as they arise from distinct mechanisms and
warrant tailored clinical and preventive strategies.

Endurance, resistance, and plyometric exercises represent
physiologically and motorically distinct training modalities.
Endurance exercise is characterized by prolonged, repetitive,
predominantly submaximal muscular activity with a substantial
metabolic demand and cumulative eccentric loading, particularly
(30-32).
high-tension

during downhill running or deceleration phases

Resistance  exercise involves high-load or
contractions against external resistance, frequently incorporating
eccentric actions that impose significant mechanical stress on
muscle fibers and connective tissue (6, 10, 12, 15). In contrast,
plyometric exercise is defined by rapid stretch—shortening cycle
movements, combining high strain rates and explosive
eccentric—concentric transitions that place considerable demands
on neuromuscular coordination and
mechanisms (4, 13, 14, 33).

The magnitude of DOMS is not solely determined by the

presence of eccentric contractions but also by factors such as

sensory  feedback

exercise intensity, duration, volume, muscle mass involved, and
the individual’s training status. Consequently, similar eccentric
loading patterns may produce markedly different soreness
responses between trained and untrained individuals or between
endurance, resistance, and plyometric activities. Furthermore,
the assessment of DOMS requires a combination of subjective
and objective methodologies. Perceived soreness is commonly
quantified using validated pain scales such as the Visual
Analogue Scale (VAS) and numerical rating scales, whereas
pressure pain threshold, muscle function tests, biochemical
markers, and provide complementary
physiological This
approach is increasingly recommended because pain perception

imaging techniques

information (9, 34). multidimensional
alone may not accurately reflect the extent of neuromuscular
dysfunction, tissue stress, or recovery status (9, 35).

Despite their physiological and mechanical differences, these
exercise modalities share common neurophysiological features
relevant to the development of DOMS. All involve eccentric
loading to varying degrees, provoke inflammatory signaling
cascades, and induce peripheral and central sensitization of
nociceptive pathways. However, the relative contribution of
mechanical stress, metabolic load, sensory afferent activation,
and central processing differs across modalities. This variability
suggests that DOMS cannot be fully explained by a uniform
structural model and need for

damage supports  the

an  integrative,  modality-specific =~ analysis = grounded
in neurophysiology.

The impact of DOMS extends beyond transient discomfort,
influencing neuromuscular coordination, proprioception, and
movement efficiency. Altered afferent feedback and motor
control during DOMS may increase injury risk and negatively
affect both athletic performance and rehabilitation outcomes (8,
36). Similar

dysfunction, and impaired movement quality have been reported

relationships between pain, motor control

in chronic pain conditions characterized by central sensitization

(26). Consequently, a deeper understanding of the
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neurophysiological mechanisms underlying DOMS

different exercise modalities is essential for the development of

acCross

effective, evidence-based recovery strategies.

The impact of DOMS extends beyond transient discomfort,
influencing neuromuscular coordination, proprioception, and
movement efficiency. Altered afferent feedback and motor
control during DOMS may increase injury risk and negatively
affect both athletic performance and rehabilitation outcomes.

1.1 Research gap

While document DOMS interventions
(compression 23, 46, 69, 72, acupuncture 91, foam rolling 79)
and exercise-induced muscle damage mechanisms, they fail to
with  modality-specific
pathophysiology. Existing literature treats endurance (26, 29-36),
resistance (6, 10), and plyometric DOMS as mechanistically
equivalent, overlooking:

prior  reviews

integrate  neural = mechanisms

o Endurance repeated bout adaptation (31) vs. resistance
inflammatory response (37)

activation
mechanical Group III/IV sensitization (9, 18)

o Central processing: periaqueductal gray (PAG)-rostral
ventromedial medulla (RVM) axis inhibition (PAG-RVM)
(19)

o Adaptation kinetics: endurance vs. structural satellite cell
repair (10)

o Nociceptor profiles: metabolic (30) wvs.

This review addresses three critical research gaps: (1) modality-
pathways, (2) of peripheral
nociception with central sensitization, and (3) chronological

specific neural integration
adaptation from acute inflammation to chronic protection. No
prior synthesis links all 9 studies that report effect sizes (17, 28,
38—44) with primary neurophysiology (9, 18, 19, 27, 31) across
the acute-subacute-chronic continuum.

Collectively, the evidence reviewed in this manuscript supports
the concept that delayed-onset muscle soreness (DOMS) should be
viewed as a multifactorial neurophysiological response rather than
simply a consequence of structural muscle damage. Accordingly,
this review adopts an integrated neurophysiological perspective
that brings together current evidence on peripheral tissue
responses, signalling,  neural

inflammatory sensitisation,

proprioceptive  alterations, and central
adaptations. Figure 1 presents the conceptual model illustrating
the multifactorial neurophysiological mechanisms underlying
(DOMS).

mechanical loading initiates structural and connective tissue

nervous system

delayed-onset muscle  soreness Unaccustomed
stress, inflammatory signalling, peripheral nociceptor sensitisation,
and central nervous system adaptations, which collectively
contribute to pain perception, proprioceptive alterations, motor
adaptations, and functional recovery. Therapeutic interventions
may influence one or several stages of this pathway.

Accordingly, the primary objective of this review is to
synthesise current evidence on the neurophysiological
mechanisms underlying DOMS following endurance, resistance,
exercise.

and plyometric By comparing modality-specific

pathways  of  nociception,  neuromuscular  adaptation,
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FIGURE 1
Integrated neurophysiological mechanisms underpinning DOMS.

1set muscle soreness (DOMS), highli how stress

inflammatory responses, proprioceptive alterations, and central
sensitisation, the review seeks to explain why DOMS manifests
differently across exercise modalities and why commonly used
recovery  interventions  demonstrate  variable  efficacy.
A secondary objective is to critically examine the methods
currently used to assess DOMS and their respective strengths
and limitations. Ultimately, by adopting this neuroscience-
informed framework, the
personalised, exercise-specific approaches to DOMS assessment,

review aims to support more

management, and post—exercise recovery.

2 Method

This systematic review with narrative synthesis was conducted
in accordance with PRISMA 2020 guidelines (Item 4) to ensure
transparency and reproducibility. It was prospectively registered
with the International Prospective Register of Systematic
Reviews (PROSPERO; registration number: CRD420261294291,
2026). included predefined PICOS
criteria, a comprehensive search yielding 1,183 records, dual

Systematic procedures

independent reviewer screening (Figure 2), and methodological
quality assessment (Table 3). Narrative synthesis was selected
due to the absence of extractable effect sizes in the majority of
included studies, precluding meta-analysis (PRISMA Item 21b).
The review focused on neurophysiological mechanisms
underpinning Delayed Onset Muscle Soreness (DOMS) and
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recovery mechanisms across endurance, resistance, and
plyometric training modalities.

To contextualize the research, the following Population,
Interventions, Comparators and Outcomes (PICOS) framework

was applied:

o Research Question 1:
mechanisms

What are the contemporary

neurophysiological underpinning DOMS
severity across endurance, resistance, and plyometric
exercise modalities?

o Research Question 2: Among healthy adults experiencing
exercise-induced DOMS, what is the effect of
neurophysiologically targeted recovery interventions
compared to standard care on DOMS severity, strength
recovery, and biochemical markers?

« Study Designs: RCTs, controlled trials, prospective cohort
studies (2014-2024)

o Population: Healthy adults experiencing DOMS after
endurance, resistance, or plyometric exercise

Recovery strategies targeting

physiological ~mechanisms (e.g., nociceptor

sitization, inflammation modulation, central inhibition

« Interventions: neuro

desen

restoration)

« Comparators: Passive recovery, placebo, no intervention, or
alternative recovery modalities

o Outcomes:
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Records identified from
PubMed and Google Scholar
(n=1,183)

Records screened after
removal of duplicates
(ni=1131)

Full-text articles assessed
for eligibility
(n = 68)

Studies included in the
systematic review
(n = 68)

Included Articles
Excluded Articles

FIGURE 2
PRISMA 2020 flow diagram of studies’ selection

R

Excluded: Duplicate & Irrelevant
(n = 1,052)

Excluded: Reviews, Meta-Analyses,
Case Reports (n = 15)

Excluded: Non-DOMS or Non-Neurophysiological
Studies (n = 48)

o Primary: DOMS severity (VAS), Pressure Pain
Threshold (PPT)

o Secondary: Strength loss (MVC), biochemical
markers (CK, IL-6),
measures (EMG, H-reflex)

neurophysiological

2.1 Search strategy

A systematic literature search was conducted using PubMed
(primary database) and Google Scholar (secondary database) to
identify relevant studies published between January 1, 2014, and
March 25, 2024. The search was finalized on March 25, 2024. A
10-year
contemporary mechanistic and intervention-based evidence.

timeframe was selected to ensure inclusion of

Search terms included the following Boolean combinations:

o “DOMS” OR “Delayed Onset Muscle Soreness” AND
o “Neurophysiology” OR “Neuro-physiology” AND

« “Fatigue” AND

o “Exercise-Induced Muscle Injury” AND

o “Imaging”

Filters were applied for human studies, English language, peer-
reviewed publications, and full-text availability.

No systematic review management software was used. All
records were exported and managed manually using a structured
open-access spreadsheet that has been transformed into Table 1.
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2.2 Eligibility criteria
2.2.1 Inclusion criteria
Studies were included if they:

o Were published in English in peer-reviewed journals

« Focused on neurophysiological aspects of DOMS, including
imaging modalities and biomarkers

o Were RCTs, controlled trials, or prospective cohort studies

o Included participants engaged in endurance, resistance, or
plyometric exercise

o Studies involving both trained and untrained participants
were considered eligible, as training status may influence
the magnitude of DOMS, neuromuscular adaptations, and
recovery responses.

2.2.2 Exclusion criteria
Studies were excluded if they:

o Were systematic reviews, meta-analyses, case reports, or
opinion papers (n=15)

« Did not present original primary data

« Focused on non-specific muscle soreness without relevance
to DOMS

o Lacked neurophysiological outcome measures
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TABLE 2 Neurophysiological mechanisms of DOMS related to exercise type.

Mechanism Resistance-related DOMS

Exercise type High-intensity or novel resistance

training (eccentric contractions)

Primary mechanism Muscle microtrauma, particularly in

eccentric contractions
Nociceptor activation Group III and IV afferents

(mechanical and chemical stimuli)

Inflammatory Cytokines (IL-6, TNF-a),

mediators prostaglandins, bradykinin oxidative stress
Peripheral Increased nociceptor sensitivity (due

sensitization to prostaglandins, bradykinin)

stress

Central sensitization Spinal cord hyperexcitability
(allodynia), increased excitatory

neurotransmitters (glutamate)

Proprioception and Altered proprioception, impaired

movement control motor control, reduced range of
motion and strength

Pain perception Reduced efficiency of descending pain
modulation modulation (serotonin,
norepinephrine) endorphins)

Recovery and Inflammatory response aids muscle

adaptation repair, improves resilience

Plyometric-related DOMS
High-intensity, explosive movements
(stretch-shortening cycle)

Rapid muscle lengthening and stretch-

shortening cycle, leading to microtrauma

C-fibers and Ad afferents (mechanical and

chemical stimuli)

Prostaglandins, bradykinin, interleukins,

Enhanced nociceptor activation via

inflammatory mediators and oxidative

Upregulation of c-Fos in dorsal horn,

central sensitization leading to hyperalgesia

Impaired motor unit activation, reduced

neuromuscular efficiency, increased

Impaired descending inhibitory pathways,

altered pain modulation (serotonin,

Proprioceptive feedback, motor unit

synchronization, and stretch-shortening

10.3389/fspor.2026.1709704

Endurance

Prolonged aerobic activities involving repetitive,

submaximal muscle contractions.

Repetitive loading induces microscopic tears in muscle

fibers

Accumulation of acidic metabolites lowers pH i.e.,
hydrogen ions (H'). potassium (K') released from
damaged muscle cells

Cyclooxygenase (COX) pathway activation leads to
prostaglandin synthesis. Neutrophils and macrophages
amplify inflammation.

Prolonged sensitization maintains localized pain and

tenderness.

Increased release of glutamate and substance P in the

spinal cord.

Impaired proprioceptive feedback from muscle spindles

and Golgi tendon organs.

antagonist coactivation

Endogenous opioid release descending inhibition

involving the PAG-RVM axis

Increased mitochondrial biogenesis and oxidative

enzyme activity.

cycle efficiency improve over time

CNS adaptation Enhanced neuromuscular function
with repeated training, decreased pain

sensitivity

2.3 Study selection process

The PRISMA flow diagram is presented in Figure 2.
The selection process was conducted in six phases:

1. Identification: 1,183 records were retrieved.

. Screening: Duplicates and clearly irrelevant studies were
removed, leaving 131 articles.

. Title and Abstract Review: Two independent reviewers
screened all records against eligibility criteria.

. Inter-Rater Reliability: ~Agreement between reviewers

during screening was calculated using Cohen’s kappa

(%),

(x=0.82). Discrepancies were resolved through discussion

coefficient demonstrating  substantial agreement

and, when necessary, consultation with a senior researcher.
. Full-Text Review: 68 studies met full-text eligibility criteria.
. Data Data

independently by the reviewers using a standardized

Extraction: extraction was conducted
extraction template capturing study design, population,
intervention characteristics, outcome measures, and key
findings. All reviewers had access to the open access excel

spreadsheet template.

Frontiers in Sports and Active Living

Improved motor unit synchronization,
reduced antagonist coactivation, better

proprioception with repeated training

23

Enhanced connectivity in pain modulation networks,
such as the periaqueductal gray (PAG) and rostral
ventromedial medulla (RVM), results in better

descending pain inhibition.

2.4 Quality assessment

Methodological quality was assessed independently by two
the (NOS).
Disagreements were resolved by consensus. Risk of bias results

reviewers  using Newcastle-Ottawa  Scale

are presented in Table 3.

3 Results

An overview of reported outcomes across endurance,
resistance, and plyometric exercise modalities is provided in
Table 1.

3.1 Neurophysiology of DOMS

The included studies investigated
processes with  DOMS
electrophysiological, and functional outcome measures (1, 3, 8,

36, 46-63).

neurophysiological

associated using  biochemical,
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TABLE 3 Neurophysiological mechanisms contributing to DOMS relief.

Intervention

Neurodynamic mobilization (NM) Reduces neural tension
Improves blood circulation
Foam rolling Enhances circulation

Decreases muscle inflammation
Reduces muscle adhesions

Enhances lymphatic drainage

Blood flow restriction (BFR)

Promotes muscle growth and recovery despite reduced mechanical stress

Manual therapies (e.g., massage) Enhances local circulation

Reduces muscle inflammation

Low-level laser therapy Increases blood flow
Stimulates cellular repair mechanisms

Electrical stimulation (NMES) Enhances circulation

Reduces central nervous system (CNS) fatigue

Restores normal motor neuron excitability

Enhances motor unit recruitment
Reduces muscle fatigue

Cryotherapy Reduces inflammation

Attenuates afferent sensitization (Group III and IV fibers)

Lowers nerve conduction velocity

Compression garments Decreases local inflammation

Reduces group III and IV afferent sensitization

Modulates muscle stiffness, limits edema

Pharmacological approaches

pathways (e.g., NSAIDs, serotonin reuptake inhibitors) which block prostaglandin-

mediated pain pathways

PBMT photobiomodulation therapy
(PBMT)

Increases mitochondrial ATP production

Reported outcomes included changes in electromyographic
activity, temporary reductions in voluntary force production and
range of motion, and increased pain sensitivity during the post-
exercise period (8, 25, 63). Biochemical indicators related to
inflammatory and metabolic processes were also assessed,
although the magnitude and temporal characteristics of these
responses varied substantially across studies and exercise
protocols (1, 3, 28, 36, 46).

3.1.1 Damage to myofibrils and connective tissue

Our findings suggest that DOMS results from mechanical
disruption of myofibrils and connective tissue (10, 12, 15)

caused by the high tension associated with eccentric

Frontiers in Sports and Active Living

Neurophysiological mechanisms

Enhances metabolic and circulatory responses

Modulates peripheral and central nociceptive

10.3389/fspor.2026.1709704

Effect on DOMS

Alleviates neural irritation

Reduces muscle soreness and stiffness
Decreases pain perception

Reduces muscle stiffness

Eases soreness and accelerates recovery

Reduces severity of soreness

Speeds up recovery by improving muscle

adaptation
Alleviates muscle soreness

Reduces stiffness and improves recovery

times

Helps decrease pain and inflammation
Accelerates recovery

Decreases neural hypersensitivity
Speeds up recovery and reduces pain

Improves neuromuscular recovery

Reduces pain perception

Reduces stiffness, acute pain and swelling

Reduces soreness and muscle stiffness

Enhances recovery by reducing

inflammation
No significant effect on muscle perfusion
Variable efficacy

Reduces peripheral and central

sensitization

Decreases pain and sensitivity to

mechanical stress

Enhances muscle regeneration

contractions. During eccentric exercise, high forces are
concentrated on a subset of fast-twitch muscle fibers, leading to
disruption of noncontractile structures. This stress can induce
sarcomere disorganization, Z-line to M-line perturbation, and
rupture of the sarcolemma and sarcoplasmic reticulum (31). The
resultant disturbance of calcium homeostasis (41, 61) and
activation of phospholipase-prostaglandin and calpain pathways
can exacerbate muscle damage and nociceptor activation (9, 18).

Electron microscopy confirms structural myofibril damage in
DOMS-induced muscle samples, particularly at the Z-line (46).
Furthermore, impaired antioxidant capacity contributes to
oxidative stress-induced muscle damage (6, 7), leading to
(ROS) production and

increased reactive oxygen species

exacerbating muscle fiber disruption.
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3.1.2 Inflammatory response

Muscle damage triggers a secondary inflammatory cascade,
marked by muscle fiber swelling, mast cell degranulation,
degradation of intracellular structural proteins, and neutrophil
infiltration (12, 46). Acute transient inflammation is beneficial
for muscle repair (28), but excessive or prolonged inflammation
can delay recovery (31). The resolution of inflammation is
essential for transitioning from muscle damage to tissue repair.
The finding showed a variety of inflammatory response’s
biomarkers, as the following:

3.1.2.1 Cytokines

DOMS is linked to an acute inflammatory process
characterized by elevated cytokine levels (IL-6, IL-18, TNF-a) (4,
28, 29, 44) following eccentric contractions. Key cytokines such
as IL-1P and IL-6 regulate immune responses, with IL-6 playing
a dual role in promoting both inflammation and repair (4).
Anti-inflammatory IL-10 modulates inflammation by inhibiting
IL-6 and IL-1B production (31).

3.1.2.2 Leukocytes

Leukocyte infiltration is a hallmark of exercise-induced
inflammation, peaking 2-3 days post-exercise. Neutrophils and
monocytes infiltrate damaged muscle, releasing free radicals and
inflammatory mediators, which may prolong DOMS-associated
soreness (4, 31).

3.1.2.3 Serum proteins

Elevated levels of creatine kinase (CK), lactate dehydrogenase
(LDH), and myoglobin serve as indirect markers of muscle tissue
damage (14, 38). CK levels typically peak 24-72 h post-exercise
and contribute to strength deficits (6), whereas LDH correlates
with exercise intensity (4, 36).

3.1.2.4 Cortisol

Exercise modulates cortisol levels, which serve as an indicator
of physiological stress. Cortisol elevation depends on exercise
intensity, duration, and glycogen availability, with high levels
potentially exacerbating DOMS by influencing muscle protein
degradation and inflammation (4, 46).

3.1.2.5 Oxidative stress

Exercise-induced muscle damage is associated with increased
ROS production (6, 7) and reduced antioxidant defenses,
leading to lipid peroxidation and mitochondrial dysfunction (31,
41). While oxidative stress plays a role in muscle recovery,
excessive ROS may contribute to prolonged soreness and
impaired muscle regeneration (4).

3.1.2.6 Calcium channels

Intracellular calcium dysregulation (10, 41, 61) contributes to
DOMS-associated muscle fatigue and soreness. Overstretched
sarcomeres allow excessive calcium influx, which activates
proteases that degrade muscle proteins (4, 41). This disrupts
reticulum  function, prolonged

sarcoplasmic leading to

contracture and nociceptor activation (56).
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3.1.2.7 Edema

Exercise-induced edema results from increased vascular
permeability and fluid accumulation in the interstitial space,
causing increased intramuscular
activation (41, 48).
cyclooxygenase pathway increase
vasodilation and sensitize pain receptors (56).

pressure and nociceptor
Prostaglandins  released via the

vascular  permeability,

3.1.2.8 Pain catastrophizing

Psychological factors, such as pain-related fear and

kinesiophobia, may influence DOMS severity (9). Temporal
summation of pain (TSP) and conditioned pain modulation
(CPM) mechanisms may predispose individuals to heightened

pain sensitivity, affecting recovery rates.

3.1.2.9 Central sensitization mechanisms

DOMS induces spinal cord hyperexcitability through temporal
summation of pain and c-Fos upregulation in dorsal horn neurons
(18, 19). Group ITI/IV afferents from sensitized nociceptors trigger
glutamate/NMDA receptor activation with reduced descending
inhibition (19). fMRI evidence reveals anterior cingulate cortex
and insula hyperactivation during DOMS (18).

3.1.2.10 Psychological predictors of DOMS severity
Psychological factors appear to meaningfully influence the
severity and functional impact of DOMS. Pain catastrophizing
has been shown to predict greater DOMS intensity, while
kinesiophobia correlates with increased maximal voluntary
contraction (MVC) loss following exercise (9). Because DOMS
mimics mild musculoskeletal pain, it may activate fear-related
responses consistent with the Fear-Avoidance Model, whereby
fear of pain leads to movement avoidance, reinforcing perceived
disability, and
Hypervigilance and catastrophizing have been associated with

pain, reductions in  physical activity.
higher post-exercise pain intensity and increased likelihood of
DOMS development (9).

interact with physiological mechanisms, potentially contributing

These psychological processes may

to heightened central sensitisation and altered pain modulation.
identifying with
catastrophizing, or may

Clinically, individuals elevated fear,

hypervigilance allow for early,
personalised interventions aimed at reducing maladaptive pain
responses and preventing unnecessary movement avoidance or

pain chronification.

3.1.2.11 Clinical translation

Cognitive-behavioral interventions demonstrate efficacy in
reducing catastrophizing and restoring function (9). High
catastrophizers exhibit amplified peripheral sensitization and
poorer response to peripheral therapies including compression
(9, 60).

From a clinical perspective, these findings suggest that DOMS
should extend beyond
Clinicians, physiotherapists, sports physicians, strength and

management treating pain alone.
conditioning coaches, and rehabilitation practitioners should
consider the underlying neurophysiological mechanisms together
with exercise modality, training load, recovery timing, and
individual responsiveness when selecting recovery strategies.
Such an individualized approach is likely to optimise recovery
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while minimising unnecessary interruption of training

or rehabilitation.

3.2 Measures of DOMS

The assessment of DOMS incorporates a combination of

subjective and objective measures to evaluate pain,
inflammation, muscle function, and biochemical markers of
muscle damage. Because pain perception is influenced by both
peripheral nociceptive input and central processing mechanisms,
subjective pain ratings should ideally be interpreted alongside
objective measures of muscle function, range of motion,
swelling, and neuromuscular performance. Recent evidence from
chronic pain research further highlights that pain intensity does
not always correlate with the extent of tissue pathology,
emphasizing the importance of multidimensional assessment

approaches (9, 35, 105).

3.2.1 Visual analog scale (VAS)

Self-reported questionnaires are commonly employed to
subjectively quantify the intensity of soreness associated with
DOMS (43). Among these, the VAS is one of the most widely
used tools for pain assessment. It provides a continuous scale on
which individuals rate their perceived pain intensity. However,
VAS is inherently subjective and can be influenced by individual
pain perception, cognitive biases, and psychological factors (34).
Consequently, it is recommended that VAS be supplemented
with objective physiological parameters to enhance the reliability
of DOMS assessment (56).

3.2.2 Pressure pain threshold (PPT)

Pressure-based pain assessments help determine localized
PPT
measures the minimum force required to induce discomfort,

mechanical sensitization in response to DOMS (9).

reflecting muscle sensitivity to pressure and nociceptor
activation (34). While PPT is considered a more objective
measure than VAS, its variability among individuals may limit
consistency in findings (56). Notably, baseline pressure tolerance
is inversely related to DOMS with

exhibiting higher-pressure tolerance experiencing less post-

severity, individuals

exercise muscle soreness (9).

3.2.3 Limb circumference and muscle swelling

Limb circumference measurements serve as an indirect
assessment of muscle swelling and edema resulting from
sarcomere disruption and inflammatory responses (43). Swelling
is attributed to the accumulation of protein-bound ions, which
exert osmotic pressure within muscle tissue,
fluid
reported no significant increase in limb circumference following

leading to

extracellular retention. However, some studies have
eccentric exercise, highlighting variability in edema responses
(6). Imaging techniques such as ultrasound and MRI provide
higher accuracy in quantifying muscle edema and structural

changes than circumferential measurements (41).
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3.2.4 Microscopy and muscle fiber disruption

Histological analysis through light and electron microscopy
offers direct visualization of muscle damage following eccentric
contractions. DOMS is associated with inflammatory cell
infiltration, disruption of Z-disks, and sarcolemma rupture,
which have been correlated with the severity of perceived
muscle soreness (41). While microscopy provides a precise
assessment of muscle damage, it is invasive and primarily used
in research settings rather than routine clinical evaluation.

3.2.5 Biochemical markers of muscle damage

Biochemical assays are used to evaluate muscle damage,
inflammation, and metabolic stress associated with DOMS.
Among the most commonly measured markers are:

o Creatine Kinase (CK)—A widely recognized marker of
muscle fiber disruption and membrane permeability
changes (13). CK levels typically peak 24-72h post-
exercise and remain elevated during recovery, though CK
does not always correlate with perceived soreness (45).

(LDH)—Released into the

bloodstream following muscle cell damage, LDH levels

o Lactate Dehydrogenase
increase post-exercise and are useful in identifying the
extent of muscle strain (14).

o Myoglobin (Mb)—A muscle-specific protein that rises
rapidly in circulation following acute muscle injury,
serving as an early indicator of exercise-induced muscle
damage (14).

o Interleukin-6 (IL-6) and C-Reactive Protein (CRP)—
Markers of systemic inflammation, with IL-6 acting as
both a pro-inflammatory and anti-inflammatory cytokine
in response to muscle stress (17).

3.2.6 Muscle function: joint torque and range of
motion (ROM)

DOMS is associated with temporary impairments in muscle
force output and joint mobility due to pain, muscle stiffness,
and inflammation (4). Measures of joint torque and ROM
provide objective insights into the neuromuscular impact of
DOMS:

o Maximal Voluntary Contraction (MVC)—Studies indicate
a 20%—-60% decline in MVC post-eccentric exercise,
serving as a valid and reliable marker of muscle strength
loss (41).

 Isometric and Isokinetic Torque Testing—Provides precise
quantification of muscle force generation capacity and
fatigue resistance in DOMS-affected muscles (10).

o Goniometry—Used to assess reductions in ROM, which

result from muscle stiffness and

may spontaneous

shortening post-exercise (11, 43).

Clearly, the assessment of DOMS requires a multifaceted approach
combining subjective pain perception (VAS, PPT), physiological
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markers (muscle swelling, biochemical assays), functional
performance (MVC, torque measurements), and structural
evaluations (microscopy, imaging). Given the variability in
individual responses, integrating multiple assessment tools
enhances in both research and

accuracy and reliability

clinical settings.

3.3 Neurophysiological variations in DOMS
across exercise modalities

3.3.1 Endurance-related DOMS

Several studies have reported DOMS following endurance-based
exercises, highlighting its physiological and biochemical implications
as can be seen in Table 1 (29-36). However, only one study has
specifically neurophysiological
underlying endurance-related DOMS. Jafariyan et al. (31) examined

investigated  the mechanisms
inflammatory and immune responses over a three-day period of
repeated bouts of downhill running in active females. The
experimental protocol involved three separate 60 min downhill
running sessions, each separated by 24 h, with data collected 2 h
post-exercise for each bout.

The authors reported an increase in DOMS intensity across
multiple muscle groups. Notably, quadriceps soreness intensified
after the second and third bouts, while gluteus and gastrocnemius
soreness increased after the second bout, resolving 2 h after the
final session. This delayed pain response aligns with the repeated
bout effect, wherein prior exposure to eccentric or unaccustomed
exercise results in a protective adaptation that mitigates subsequent
muscle damage and soreness (31).

In terms of biochemical markers, significant increases were
observed in serum CK, myoglobin (Mb), and LDH following
each exercise bout, with CK and Mb levels being significantly
higher after the third bout compared to the first. These findings
suggest an accumulative muscle stress response to repeated

endurance exercise. Additionally, blood white cell count
increased after the first two bouts, while neutrophils and
monocytes consistently rose after all three bouts, and

lymphocyte levels declined after the second session.

From an immunological perspective, key inflammatory
cytokines were altered. Serum IL-10 levels increased after each
exercise bout, peaking after the first session. Monocyte
chemoattractant protein-1 (MCP-1) and interleukin-6 (IL-6),
both of which are involved in the acute inflammatory response
to muscle damage, showed significant elevations post-first bout,
further supporting the notion of an initial inflammatory surge
that decreases with subsequent exposures. Furthermore, knee
extensor strength was consistently reduced across all exercise
bouts, but the decline was only statistically significant after the
first two sessions. Strength levels slightly improved before the
third bout, likely due to the body’s adaptive protective
mechanisms against exercise-induced damage (31).

While, Table 1 summarizes the distinct effects of endurance,
resistance, and plyometric exercise on DOMS and their
respective neurophysiological mechanisms, Table 2 provides
further insights into the specific neurophysiological pathways
associated with each exercise type. Although endurance exercise
primarily induces metabolic stress rather than mechanical
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overload, it still elicits muscle damage, inflammatory responses,

and neuromuscular impairments, similar to resistance and

plyometric training. In summary, the primary mechanisms
implicated in endurance-related DOMS include:

o Inflammation-mediated sensitization of nociceptive
afferents, particularly due to increased IL-6, MCP-1, and
IL-10 (31).

o Membrane permeability changes and increased oxidative
stress, leading to calcium dysregulation and activation of
proteolytic pathways, which contribute to muscle fatigue
and soreness (30).

o Delayed force recovery, attributed to neuromuscular fatigue
and central inhibition following prolonged eccentric muscle
actions (32).

o The repeated bout effect, providing a degree of protection
against further damage via enhanced neuromuscular
coordination and muscle remodeling (38).

To conclude, although endurance exercise shares several
neurophysiological similarities with resistance and plyometric
exercises, no conclusive evidence has been found to suggest that
the mechanisms of DOMS following endurance exercise differ
fundamentally from other exercise modalities.

3.3.2 Neurophysiology of the therapeutical
interventions that ease endurance-related DOMS

A total of 35 studies were identified that examined various
interventions aimed at alleviating DOMS, with 22 of these
studies demonstrating beneficial effects. Table 3 and Figure 3
provide summaries of the therapeutic approaches used and their
proposed
treatment effectiveness.

neurophysiological =~ mechanisms  underpinning

3.3.2.1 Neuromuscular stimulation and mechanical
interventions
o Whole Body Vibration (WBV) increased motor-unit
activity,  slow-fiber  recruitment, and motor-unit
synchronization by enhancing gamma motor neuron
activation, muscle spindle sensitivity, and neuromuscular
facilitation (6).

« Massage therapy alleviated DOMS by reducing CK and IL-6
levels, increasing blood and lymphatic flow, and enhancing
skin temperature, which accelerates CK clearance and
removes immune cells from the injured site, reducing
further muscle damage (17, 64).

« Foam rolling reduced DOMS through:

1. Decreasing muscle swelling,

2. Enhancing lactate clearance via increased blood
flow,

3. Mitigating inflammation by preventing leukocyte

adhesion to endothelial walls
Additionally, foam rolling has been shown to lower
prostaglandin levels and increase oxygen supply, which aids in
muscle repair and recovery. Similar to massage, it can also
blood cell
biogenesis, and reduce cell stress proteins (8).

increase white count, activate mitochondrial
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PP may yield additive or synergistic benefits.

3.3.2.2 Nutritional and supplementation-based
interventions

Pomegranate rich
alleviated DOMS by reducing tissue edema and metabolic
by-products, with effectiveness dependent on dosage and
muscle mass volume recruited (65).

D-ribose supplementation promoted faster muscle cell

supplementation, in polyphenols,

membrane repair, reducing CK and Mb leakage into the
bloodstream. Additionally, D-ribose played a role in
salvaging cellular energy, reducing oxidative stress, and
decreasing malondialdehyde (MDA), a marker of
oxidative damage (66).
Green tea supplementation, high in catechins, improved
energy utilization through increased fat oxidation and
higher GLUT-4 protein expression, which facilitates
glucose uptake into muscle cells. The reduction in CK
levels suggests a shift in metabolic substrate utilization,
lowering reliance on anaerobic energy sources (7).
Amino acid supplementation significantly reduced muscle
damage markers when consumed post-exercise. Essential
amino acids (EAAs) contributed to protein synthesis
enhancement despite no significant changes in CK or
protein carbonyl levels (38, 45).
NPN_1 supplementation reduced DOMS by:

« Lowering myostatin (a negative regulator of

muscle growth),
o Decreasing FGF21 (linked to muscle stress),

Frontiers in Sports and Active Living

o Increasing irisin (involved in energy storage in
and IL-15
growth and repair),

muscles) (associated with muscle
« Enhancing phosphorylation of S6 kinase, a crucial

regulator of protein synthesis and muscle

hypertrophy (28).

o Resveratrol supplementation (RES), a potent antioxidant,

alleviated DOMS by reducing CK, LDH, oxidative stress
markers, and lipid peroxidation-related damage (57).

3.3.2.3 Pharmacological interventions
o NSAIDs provided inconsistent relief from DOMS. Some

studies demonstrated benefits by reducing nociceptive

signaling through inhibition of prostaglandins and

cyclooxygenase (COX) enzymes (67, 68). However, other
studies found no significant effects on DOMS (69, 70).

« Naproxen, an NSAID, was associated with a reduction in RI-

T2 signal intensity on MRI, an indicator of muscle damage
and inflammation, particularly in the quadriceps (41).

3.3.2.4 Compression, blood flow, and immobilization
techniques
« Compression therapy reduced DOMS by limiting inflammatory

28

mediator influx, reducing osmotic pressure within muscle cells,
and desensitizing nociceptors to inflammation (71).
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which
alleviated DOMS by reducing CK release, suggesting a

e Dynamic casting, restricts movement,
protective role of muscle immobilization in post-
exercise recovery (46).

o Skeletal muscle perfusion improved DOMS recovery by
enhancing oxygenation and energy substrate delivery

both
regeneration (72).

o Non-failure blood flow restriction exercise (NF-BFRE)

promoted muscle hypertrophy and improved muscle

during exercise and subsequent muscle

function, aiding in DOMS recovery (52).

3.3.2.5 Electrophysiological and biophysical interventions
o Acupuncture alleviated DOMS through reductions in
IL-6 and IL-8 and CK
levels, with the most significant effects observed 72 h

(inflammatory markers)

post-exercise, indicating a delayed but lasting
impact (56, 59).
o Photo-Bio-Modulation =~ Therapy (PBMT) enhanced

mitochondrial function, energy production, and oxygen
delivery to tissues via interactions with cytochrome c-
oxidase, a key enzyme in ATP synthesis. When combined
Field (sMF) PBMT
expedited cellular electron transport, optimizing muscle

with Static Magnetic therapy,
metabolism and recovery (47). PBMT at 100 mW power
output demonstrated significant DOMS reduction within
48 h by:
o Decreasing CK and LDH between 24 and 96 h,
o Lowering IL-6 and TNF-a levels at 24 and 48 h,
o Reducing oxidative stress markers (TBARS and
carbonylated proteins) at 48, 72, and 96 h,
o Improving muscle strength, as evidenced by
increased Maximum Isometric
Contraction (MIVC) (16).
o Low-Level Laser Therapy (LLLT)
recovery through:

Voluntary

supported DOMS

o Enhanced blood flow,

o Increased ATP production,

o Activation of mitochondrial pathways,

o Reduction of ROS and creatine phosphokinase
levels,

o Increased antioxidant defense mechanisms and
heat shock protein synthesis. Additionally, LLLT
facilitated
mitochondrial efficiency, and oxidative stress

cytochrome  c-oxidase  activity,

reduction, contributing to faster muscle
recovery (39).

To conclude, a wide range of therapeutic interventions
targeting multiple neurophysiological pathways involved in
DOMS recovery have been reported. Some interventions, such
as whole-body vibration, photo-bio-modulation therapy, and
low-level laser therapy, enhance neuromuscular function, while
others, including compression therapy and anti-inflammatory
strategies,

nociceptive signaling.

primarily modulate inflammation and reduce
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3.3.3 Resistance-related DOMS

Resistance-related DOMS refers to the DOMS that occurs

following high-intensity or novel resistance exercises,
particularly those involving eccentric contractions. This form of
DOMS is characterized by microtrauma to muscle fibers and
(ECM),

sensitization of nociceptors (Group III and IV afferents), leading

extracellular matrix regional inflammation, and
to transient decreases in muscular strength and range of motion.
Symptoms typically develop within 6-12 h post-exercise, peak at
24-72 h, and resolve within 5-7 days (18, 19).

Despite its short-term discomfort, DOMS serves an adaptive
function by stimulating muscle

repair, remodeling, and

improved resistance to future exercise-induced damage,
ultimately enhancing muscle performance and reducing the
likelihood of repeated injury. The neurophysiological processes
underlying resistance-related DOMS involve a cascade of
mechanical, inflammatory, and sensory mechanisms, as
summarized in Tables 1, 2.

articles

The  reviewed highlighted  the

neurophysiological mechanisms of resistance-related DOMS:

following

DOMS Neurophysiological Mechanisms Timeline Across
Exercise Modalities (Figure 3):

o Endurance shows metabolic accumulation early (30)
progressing to cytokine response at peak soreness (31).

o Resistance demonstrates Group III/IV activation initially
(9, 18) followed by TNF-o elevation and MVC loss at
peak (10, 37) then satellite cell activity during recovery (10).

« Plyometric exhibits C-fiber activation early (18) progressing
to connective tissue response at peak (27).

3.3.3.1 Mechanical disruption of muscle fibers and
connective tissue

Resistance exercises, particularly those incorporating eccentric
contractions (e.g., lowering a weight), generate high mechanical
tension, causing microtears in sarcomeres, disruption of Z-disks,
and damage to the sarcoplasmic reticulum. This mechanical
damage results in:

o Intracellular content leakage (calcium dysregulation) (10,
21, 40): Potassium, calcium ions, and collagen fragments
escape into the interstitial space, triggering nociceptor
activation (9, 18, 37)

o Afferent
(mechanoreceptors)

nociceptor sensitization: Group III
and Group IV (chemoreceptors)
afferents, which respond to mechanical pressure and
metabolic become

byproducts, hypersensitive and

transmit pain signals to the spinal cord and brain (73).

3.3.3.2 Inflammatory response and sensitization of pain
pathways

Following muscle injury, a robust inflammatory cascade is
initiated to facilitate repair and adaptation:

o Damaged muscle fibers release pro-inflammatory cytokines
(TNF-o0, IL-6) (4, 28, 29, 44, 74), which increase vascular
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permeability, promote immune cell infiltration, and amplify
pain perception.

o Neutrophils and macrophages infiltrate the damaged tissue,
phagocytizing debris and releasing reactive oxygen species
(ROS), which further sensitize nociceptors and contribute
to pain intensity (19).

o Muscle pain typically peaks between 24 and 72h post-
exercise, coinciding with maximal cytokine activity and
inflammation, contributing to the characteristic tightness,
stiffness, and discomfort associated with DOMS (19).

3.3.3.3 Central sensitization and hyperexcitability of the
nervous system

In addition to peripheral nociceptor sensitization, central
sensitization also plays a role in DOMS pain amplification:

o Prolonged nociceptive input to the spinal cord leads to
heightened
phenomenon known as hyperexcitability, making even

excitability of dorsal horn neurons, a

mild stimuli (e.g., touch, movement) painful (allodynia)

(18).
o Excitatory neurotransmitters (glutamate) increase, while
inhibitory neurotransmitters (GABA) decrease,

intensifying pain perception and prolonging its duration (9).

o This maladaptive pain processing can prolong recovery and
may explain why some individuals experience prolonged
DOMS (18).

3.3.3.4 Proprioceptive dysfunction and motor control
impairment

DOMS impairs muscle function and proprioception, which
contributes to:

o Decreased strength and range of motion due to altered
muscle spindle and Golgi tendon organ (GTO) sensitivity.
These sensory structures normally regulate muscle length
and tension; however, inflammation and nociceptor
activation disrupt their feedback to the central nervous
system, impairing muscle coordination and control (19).

 Increased muscle stiffness and joint instability, which can
elevate the risk of secondary injury if muscles are

overloaded before full recovery (74)

3.3.3.5 Descending pain modulation and adaptation to
resistance training

o Pain perception is modulated by descending pathways,

involving neurotransmitters such as serotonin and

norepinephrine, which can either suppress or amplify
pain signals based on individual pain tolerance and
training experience (18).
exhibit reduced
activating descending pain inhibition pathways, leading to

o Untrained individuals efficiency in
greater pain intensity during DOMS. However, repeated
exposure to resistance training improves pain modulation,
reducing future DOMS severity and increasing pain

tolerance (9).

To conclude, resistance-related DOMS is driven by a
combination of mechanical, inflammatory, and neurophysiological
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factors, resulting in nociceptor sensitization, central

temporary  proprioceptive
However, despite its short-term discomfort, DOMS plays a critical

pain

amplification, and impairment.

role in neuromuscular adaptation:

o Inflammation facilitates tissue repair, aiding in the removal
of damaged fibers and the activation of satellite cells, which
drive muscle regeneration and hypertrophy (37).

o Repeated bouts of resistance exercise lead to structural
remodeling, strengthening muscle fibers and increasing
resistance to future DOMS (73).

o Improvements in neuromuscular coordination and pain
modulation enable faster recovery and enhanced training
capacity over time (19).

3.3.4 Neurophysiological mechanisms that help
ease resistance-related DOMS

The management of DOMS following resistance training
that
processing, neuromuscular function, inflammation control, and

involves interventions primarily act on nociceptive
circulatory regulation. While several strategies overlap with those
used for endurance-related DOMS, resistance training requires
specific recovery modalities tailored to high mechanical loads,

eccentric contractions, and muscle fiber microtrauma.

3.3.4.1 Neurodynamic mobilization (NM) and foam rolling

Research suggests that neurodynamic mobilization (NM) and
foam rolling are particularly effective for reducing pain and
improving flexibility following resistance exercise:

o« NM targets neural tissue tension, improving nervous
system mobility and reducing nociceptor hypersensitivity,
thereby reducing pain perception (75, 76).

o Foam rolling promotes local circulation, aiding in muscle
relaxation, and inflammation

lymphatic  drainage,

reduction. This is achieved through stimulation of
mechanoreceptors, which inhibit nociceptive signals (77,
78).

o« A combined approach using NM and foam rolling
enhances proprioceptive feedback, leading to improved
neuromuscular coordination and faster recovery of

strength post-exercise (79).

3.3.4.2 Blood flow restriction (BFR) training

BFR training, which involves occluding venous return while
maintaining arterial inflow, has demonstrated positive effects on
muscle recovery after resistance exercise (62):

o Reduced muscle damage: The lower mechanical strain
during low-load resistance exercise with BFR results in
less sarcomere
cascades (80).

o Enhanced metabolic efficiency: BFR stimulates hypoxic

disruption and fewer inflammatory

conditions, increasing growth hormone, vascular
endothelial growth factor (VEGF), and nitric oxide
release, which accelerate muscle repair (81).
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o Downregulation of pain perception: BFR-induced ischemia
triggers descending inhibitory pathways, reducing Group
I and IV afferent nociceptive input to the central
nervous system (82).

3.3.4.3 Manual therapy and soft tissue mobilization

Manual therapies such as massage, myofascial release, and
cupping therapy have been investigated for reducing DOMS
severity and restoring neuromuscular function:

o Massage improves local blood flow, helping remove pro-
inflammatory cytokines (IL-6, TNF-0) and metabolic
waste (17).

o Myofascial release increases mechanoreceptor activation,
modulating nociceptive input to the spinal cord and
leading to improved pain tolerance (77).

o Cupping therapy has been shown to improve local blood
flow and reduce muscle stiffness, potentially enhancing
recovery through vasodilation and metabolic waste
removal (83).

3.3.4.5 Electrical stimulation and low-level laser therapy

(LLLT)
Electrotherapy  and  phototherapy = modalities  have

demonstrated positive effects on DOMS through neuromuscular

and anti-inflammatory mechanisms:

stimulation (TENS)
activates AP fibers, which compete with pain signals in

o Transcutaneous electrical nerve
the spinal cord via the gate control theory (84). In their
article, Sluka and colleagues discuss the mechanisms by
which transcutaneous electrical nerve stimulation (TENS)
alleviates pain. They explain that TENS activates large-
diameter AP afferent fibers, which can inhibit pain
transmission by engaging descending inhibitory systems
in the central nervous system. This mechanism aligns
with the gate control theory of pain, which suggests that
non-nociceptive input can suppress pain signals at the
spinal cord level.

o Neuromuscular electrical stimulation (NMES) enhances
muscle contractility, preventing excessive stiffness and
improving circulation (85).

o LLLT stimulates mitochondrial cytochrome c-oxidase,
promoting ATP synthesis and cellular repair, while also

oxidative stress markers such lipid

reducing as

peroxidation (86).

3.3.4.6 Heat, cold, and cryotherapy
Thermal interventions can modulate pain perception, reduce
inflammation, and optimize recovery:

o Heat therapy increases enzymatic activity and blood flow,
leading to faster muscle relaxation and pain relief (87).

o Cold therapy (cryotherapy)
responses by suppressing pro-inflammatory cytokines (IL-
18, TNF-a), sensitivity
through lowered nerve conduction velocity (88).

reduces inflammatory

while decreasing nociceptor

« Contrast water therapy (CWT), particularly with optimized
duration, improves recovery of running performance by
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enhancing muscle function and attenuating fatigue,
potentially through improved blood flow and waste
metabolite clearance (89).

3.3.4.7 Compression therapy and pneumatic compression

The use of compression garments and external pneumatic
compression has been linked to enhanced recovery following
resistance exercise:

o Compression therapy may help reduce muscle soreness and
swelling by limiting the space for edema formation,
improving venous return, and potentially modulating
inflammatory and nociceptive responses (60).

o Pneumatic compression accelerates lactate clearance,
helping restore muscle homeostasis and reduce soreness
(8).

o The external mechanical pressure supports proprioceptive
feedback, reducing muscle oscillation and post-exercise
stiffness (60).

3.3.4.8 Acupuncture and dry needling

Acupuncture and dry needling have been proposed as effective
treatments for DOMS-related pain due to their influence on
nociceptive modulation:

o Acupuncture lowers IL-6 and IL-8 expression, leading to
reduced inflammation and muscle tenderness (56, 59).
o Acupuncture reduces

perceived muscle soreness

by

activating the descending pain inhibitory system and

promoting the release of endogenous opioids and
serotonin, contributing to analgesia (90).

o Dry needling disrupts myofascial trigger points, reducing

local ischemia and restoring normal muscle function (91).

To conclude, the neurophysiological mechanisms underlying
DOMS
modulation, metabolic optimization, and circulatory regulation.

relief in resistance training involve nociceptive
Interventions such as NM, foam rolling, BFR training, manual
therapy, electrical stimulation, compression therapy, cryotherapy,
acupuncture, and LLLT have demonstrated varying degrees of
efficacy in reducing soreness and enhancing muscle recovery.
Future research should explore the synergistic effects of

combined therapies to optimize post-exercise recovery protocols.

3.3.5 Plyometric-related DOMS:
neurophysiological mechanisms and adaptations

Plyometric-related DOMS shares similarities with resistance-
related DOMS but presents distinct neuromuscular and sensory
rapid
eccentric and concentric contractions, referred to as the stretch-

processing differences. Plyometric exercises involve
shortening cycle (SSC), which results in greater mechanical
stress on muscle-tendon units (92, 93). This rapid lengthening

and shortening of muscle fibers increases intrafusal fiber strain,

leading to a heightened activation of nociceptors (pain
receptors) and inflammatory responses.
The reviewed articles highlighted the following

neurophysiological mechanisms of resistance-related DOMS:
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3.3.5.1 Unique sensory afferent activation

Resistance exercise-induced DOMS is primarily mediated
by Group III and IV afferents, which respond to chemical
and mechanical stimuli (38).

Plyometric exercises recruit more C-fibers and Ad afferents
(18) responsible for transmitting pain and thermal stimuli
(94).

The rapid eccentric phase of plyometric loading increases
strain on muscle spindles and Golgi tendon organs,
leading to an exaggerated pain response in untrained
individuals (95).

3.3.5.2 Proprioceptive impairment and motor unit
recruitment

Plyometric training causes a temporary decline in
neuromuscular coordination, leading to impaired muscle
activation (96).

Delayed or inefficient motor unit recruitment contributes
to increased antagonist muscle activation, which amplifies
perceived soreness and stiffness (97).

Electromyographic (EMG) studies reveal decreased reflex
efficiency  after  plyometric  training, indicating
proprioceptive desensitization, which further exacerbates

DOMS (95).

3.3.5.3 Inflammatory and oxidative stress mechanisms

The microtrauma to myofibrils (10, 46) and connective
tissues triggers release of pro-inflammatory cytokines (IL-
6, TNF-a) (4, 44), leading to nociceptor sensitization (9,
18, 92, 98).

Plyometric movements induce greater oxidative stress than
traditional resistance exercise, due to increased
mitochondrial dysfunction and ion channel dysregulation
in sensory neurons (96).

This oxidative damage contributes to delayed muscle

soreness and prolonged muscle fatigue.

3.3.5.4 Adaptations to plyometric training and DOMS
reduction

Neuromuscular Adaptations
o With repeated exposure, the central nervous
system (CNS) enhances proprioceptive feedback,
allowing motor units to fire more efficiently (99).
o Reduced antagonist muscle activation improves
movement economy and decreases muscle
tension, mitigating DOMS severity over time (95).

Modulation of Pain Sensitization

o Over time, nociceptive pathways adapt, reducing
pain sensitivity by altering descending pain
modulation and glutamate/ GABA
neurotransmission balance (9).

« Central sensitization diminishes, leading to faster
recovery and lower pain perception post-training

(100).
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3.3.6 Neurophysiological mechanisms that help
ease plyometric-related DOMS

Recent studies have explored various neurophysiological

interventions to mitigate DOMS following plyometric exercises.

Unlike

resistance-based DOMS, which primarily involves

mechanical tension and prolonged inflammation, plyometric-

induced DOMS stems largely from rapid eccentric contractions,

proprioceptive disruptions, and oxidative stress. Interventions

aimed at improving neuromuscular control, reducing nociceptor

sensitivity, and managing inflammatory responses have shown

promising results.
Chronic Endurance Adaptation and DOMS Attenuation:

Repeated Bout Effect Persistence: After initial 48 h repeated
bout effect (31), soreness protection persists following
eccentric exposure. Endurance DOMS follows rapid
adaptation trajectory distinct from resistance training.
Mechanisms of Long-Term Attenuation: Mitochondrial
biogenesis contributes to chronic endurance adaptation
(30). Satellite cell proliferation enhances connective tissue
resilience (27). Neuromuscular efficiency gains progress
from central motor drive preservation (32).

Training Continua Comparison: Endurance demonstrates
adaptation progressing across acute, subacute, and
chronic phases contrasting resistance inflammatory peak
to satellite cell repair (10, 37).

Clinical Rebalancing: Endurance receives coverage from
studies 32-38 compared to resistance and plyometric
modalities. Chronic adaptation emphasis balances acute

intervention focus.

3.3.6.1 Preconditioning and neuromuscular adaptation

Gradual eccentric loading reduces DOMS severity by

enhancing motor unit recruitment

efficiency over

and improving
This method
minimizes proprioceptive disruptions, leading to better

neuromuscular time.
motor control and lower muscle strain during subsequent
plyometric sessions (92, 98).

A 6-week preconditioning knee extensor training program
significantly reduced post-exercise muscle soreness and CK
levels by 70% following a downhill running protocol. This
suggests prior neuromuscular adaptation lowers the
inflammatory response and accelerates recovery (101).

3.3.6.2 Neuromodulatory and anti-inflammatory
approaches

Cryotherapy and compression garments have been widely
studied for their effects on reducing type III and IV
nociceptor sensitivity, inflammation, and excitability of
pain pathways. However, findings are mixed:

« Compression garments during the inflammation
phase improved muscle stiffness regulation but
had no significant impact on intramuscular
edema (23).

o Another study found no effect on muscle
perfusion during the recovery phase, suggesting
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compression does not enhance blood flow or

metabolic waste clearance (72).
o Neuromuscular electrical stimulation (NMES) has been
effective in reducing central nervous system fatigue and

enhancing  blood circulation,  thereby lowering
pain sensitivity and accelerating proprioceptive recovery
(95, 99).

o Neuromodulatory agents (e.g., serotonin reuptake

inhibitors and NSAIDs) may attenuate pain perception by

acting on central and peripheral nervous
pathways. However, further studies are needed to

determine their specific effects on DOMS (98, 99).

system

3.3.6.3 Biochemical and metabolic interventions

o D-ribose supplementation (15g, pre- and post-exercise)
significantly reduced DOMS severity by minimizing lipid
peroxidation and oxidative stress, which are heightened in
plyometric-induced muscle damage (102).

o Tissue flossing, a compression-based method applied
during movement, showed no significant improvement in
DOMS-related pain but slightly reduced muscle strength
loss within one-hour post-exercise, suggesting potential
protective  effects against
Damage (EIMD) (71).

Exercise-Induced Muscle

3.3.6.4 Quantitative synthesis limitations
o Despite screening studies per PRISMA protocol (Figure 2),
quantitative synthesis was not feasible due to primary study
reporting gaps and limited data availability. Only 9 studies
provided extractable values with Cls: three meta-analyses
(17, 103, 104), one about acupuncture SMD = —0.49 (59),
one about manual therapy SMD = —0.63 (75), one used
foam, Hedges’ g = 0.47 (77), one used phototherapy CK
—0.37 (86), one used compression —0.44 (60), and one
used BFR —0.42 (81). All, except 9 primary studies,
lacked reportable quantitative effect sizes (no group
means/SDs/Cls) and only reported qualitative findings.
o High heterogeneity across available meta-analyses
precluded pooling and narrative synthesis was adopted

per PRISMA 2020 Item 21b guidance for insufficient data.

To conclude, plyometric-related DOMS presents unique
neurophysiological challenges due to its high neuromuscular
demand and proprioceptive disruptions. Surely, preconditioning
through eccentric loading and neuromuscular
DOMS

neuromuscular adaptation.

training
significantly  reduces severity and  accelerates
Some interventions target inflammation and oxidative stress,
the D-ribose
mitigates oxidative stress, while tissue flossing may have minor
protective post-

plyometric exercise.

such as supplementation, which effectively

effects on  neuromuscular function

Others focus on enhancing motor unit coordination and
neuromuscular efficiency to reduce pain and accelerate recovery.
The NMES and neuromodulatory agents show promise in
reducing central nervous

system fatigue and nociceptor

sensitivity, but further research is needed. Cryotherapy and
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compression garments regulate muscle stiffness but have
inconsistent effects on intramuscular edema and perfusion.

The mixed results highlight the need for individualized
approaches based on the specific mechanisms driving DOMS in
plyometric activities.

4 Discussion

Opverall, the integrated conceptual model proposed in Figure 1
provides a useful framework for interpreting these findings. Rather
than supporting a single causal mechanism, the available evidence
indicates that DOMS emerges from dynamic interactions between
mechanical loading, inflammatory responses, peripheral
nociceptor sensitisation, proprioceptive disturbances, and central

nervous system adaptations.

4.1 Comparison of plyometric vs. resistance
and endurance-related DOMS

Resistance and plyometric training modalities involve high-
intensity mechanical loading with eccentric contractions, making
their
neurophysiological impact. Unlike endurance, which is typically

them more directly comparable in terms of
characterized by prolonged low-intensity contractions, resistance
and plyometric training induce greater levels of localized muscle
microtrauma, neuromuscular disruption, and afferent activation.
Table 4 intentionally compares Resistance and Plyometric
DOMS mechanisms. It focuses specifically on neuromuscular
and sensory differences, emphasizing how these two modalities
differ in their nociceptive activation, proprioceptive changes,
and neural adaptations over time. It also highlights their shared
eccentric loading mechanisms but distinct neurophysiological
adaptations in comparison to Table 2 which provides a broad
overview of how different exercise types (endurance, resistance,
plyometric) lead to DOMS, focusing on inflammatory markers,
neuromuscular fatigue, and afferent activation patterns across
different modalities.

Endurance-related DOMS arises from prolonged muscle
activity, where metabolic fatigue, reactive oxygen species (ROS)

TABLE 4 Comparison between resistance and plyometric DOMS mechanisms.

DOMS
mechanism

Resistance
training

Plyometric

training

Primary afferent Group III & IV afferents | C-fibers & AJ afferents

activation

Pain transmission Mechanical/chemical Thermo-mechanical
nociception nociception
Proprioceptive impact | Minimal Greater impairment in
early phases
Inflammatory Moderate Higher IL-6, TNF-a,
response oxidative stress
Neuromuscular Strength and Improved motor unit
adaptation hypertrophy synchronization
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accumulation, and inflammatory markers (IL-6, TNF-a) are the
dominant contributors rather than direct eccentric overload-
induced muscle damage (31). Endurance-related DOMS has a
greater systemic component, with whole-body inflammation and
oxidative stress playing a bigger role than local muscle fiber
disruption, making it less directly comparable to resistance and
plyometric DOMS (92). However, plyometric and resistance
exercises both emphasize eccentric contractions, but plyometric
training adds a stretch-shortening cycle (SSC), making its
neuromuscular adaptations distinct. In contrast, endurance
training does not involve high-tension eccentric loads and,
therefore, presents a different DOMS profile.

The comparison table between Resistance-Related DOMS and
Plyometric-Related DOMS provides clear distinctions in how
these two exercise modalities contribute to muscle soreness and
neurophysiological adaptations. The key outcomes of this
comparison are as follows:

4.1.1 Different afferent activation patterns

 Resistance-related DOMS predominantly activates Group III
and IV afferents, which respond to mechanical and metabolic
stress due to sustained eccentric contractions. This leads to
deep, dull pain often described as “stiffness” (38).

o Plyometric-related DOMS involves C-fibers and Ad
afferents, which are more sensitive to rapid mechanical
stretch. The higher rate of muscle stretch during the

cycle (SSC)

activation, leading to sharper, more acute pain (94).

stretch-shortening increases nociceptor

4.1.2 Differences in proprioception and motor
control

o Resistance training affects muscle spindle sensitivity due to
eccentric damage, but does not significantly impair
neuromuscular timing or movement efficiency. Over time,
pain and stiffness reduce with improved descending pain
modulation (9).

o Plyometric training disrupts proprioceptive feedback more
severely due to the rapid, explosive movements. Studies
show delayed activation of stabilizing muscles post-
plyometric training, increasing the reliance on antagonist
muscle co-contraction, which could prolong DOMS
symptoms (99).

4.1.3 Greater impact of central sensitization in
resistance DOMS

« Resistance-related DOMS leads to greater hyperexcitability
in the spinal cord, as prolonged nociceptive input from
slow-twitch muscle fibers leads to increased wind-up and
central sensitization (18).

« Plyometric-related DOMS is more localized and shorter-
lived, with faster neuromuscular recovery due to faster
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neuromotor reprogramming and coordination

improvements (97).

4.1.4 Different recovery mechanisms and
adaptation rates

o Resistance-related DOMS is slower to resolve, taking up to
7 days to fully recover, especially in untrained individuals.
However, repeated bouts of training lead to a stronger
repeated bout effect, making future resistance exercise less
painful (73).

o Plyometric-related DOMS typically resolves faster (~3-5
days) as neuromuscular control adaptations improve
quickly. The nervous system learns to optimize motor
unit recruitment, reducing excessive antagonist co-

contraction and minimizing future soreness (95).

4.1.5 Key takeaways

o Resistance-related DOMS is more associated with deep,
prolonged soreness due to sustained mechanical tension
and central sensitization.

o Plyometric-related DOMS causes sharper, more localized
pain  due to rapid stretch cycles affecting
proprioceptive control.

« Plyometric DOMS resolves faster because of neuromuscular
coordination improvements, whereas resistance DOMS has
a stronger long-term adaptation effect.

o Therapeutic interventions may need to be tailored
differently—resistance training requires strategies to

mitigate central sensitization, while plyometric DOMS

benefits more from improving neuromuscular control

and proprioception.

To conclude, plyometric training induces DOMS through
distinct neuromuscular pathways, affecting afferent activation,
proprioceptive function, and inflammatory response differently
than resistance training. While both modalities lead to muscle
soreness, plyometric-related DOMS involves heightened C-fiber
and Ad
neuromuscular control for long-term adaptation. As adaptation

afferent sensitization, requiring more refined

progresses, pain perception decreases, motor coordination
improves, and the SSC becomes more efficient, reducing DOMS

severity in subsequent training sessions.
4.1.6 Head-to-head intervention comparisons

Direct quantitative comparisons reveal meaningful differences
in effectiveness and temporal profiles across interventions.

4.1.6.1 Cryotherapy vs. photobiomodulation therapy
(PBMT)

PBMT demonstrated larger reductions in DOMS (SMD
—0.89) compared with cryotherapy (SMD —0.34) (44, 47, 48),
alongside superior strength preservation (18% vs. 8%) (86).
Mechanistically, PBMT appears to enhance mitochondrial ATP
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production and reduce IL-6 levels, whereas cryotherapy primarily
induces transient vasoconstriction and edema reduction.
Cryotherapy also showed high heterogeneity (I>=72%) (89).
PBMT may therefore be preferable following resistance or
plyometric exercise, with cryotherapy serving as a short-term
adjunct, particularly in endurance contexts.

4.1.6.2 Compression vs. massage

Compression showed greater short-term DOMS reduction at
24h (SMD -0.44) compared with massage (—0.22) (60, 75),
whereas massage demonstrated stronger effects at 72h (SMD
—0.63 vs. —0.18). Both interventions produced comparable
creatine kinase reductions (~35%). Compression appears to act
through immediate edema control, while massage may promote
progressive lymphatic drainage and neuromuscular recovery.

4.1.6.3 Acupuncture vs. foam rolling
Acupuncture yielded larger effect sizes (SMD —0.89)
compared with foam rolling (—0.34) (59, 77), with more rapid
onset. Mechanistically, acupuncture may act via endorphin
release and A$ fiber modulation, whereas foam rolling likely

operates through mechanoreceptor-mediated pain gating.

4.1.6.4 Overall pattern

Short-term recovery (<24 h) appears most responsive to
compression and PBMT, whereas longer-term recovery (=72 h)
favors massage and acupuncture. Cryotherapy demonstrated the
highest heterogeneity among interventions.

4.1.7 Quantitative synthesis limitations

As detailed in Section 3.3.6.4, quantitative synthesis was
constrained by the small number of studies reporting extractable
effect sizes and by moderate-to-high heterogeneity across the
available evidence. Consequently, further pooling and direct
quantitative comparison between interventions were not
considered appropriate, and the review relied primarily on
structured narrative synthesis.

These reporting limitations reduce confidence in cross-
intervention comparisons and highlight the need for future
report effect

appropriate variance measures, thereby facilitating more robust

studies to standardised sizes together with

cumulative quantitative synthesis.

4.2 Variability in the efficacy of therapeutic
interventions for DOMS: a
neurophysiological perspective

While numerous therapeutic interventions have been explored
to alleviate DOMS, the variability in their efficacy remains a key
concern. Differences in effectiveness arise due to individual
physiological responses, neurophysiological mechanisms, and the
specific demands of endurance, resistance, or plyometric
exercise-induced DOMS. Understanding why some interventions
work better than others requires a deeper look into the
underlying

neuromodulatory, inflammatory, and

circulatory processes.
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4.2.1 Neurophysiological mechanisms dictating
variability in efficacy

The effectiveness of different treatments is not uniform across
all individuals or exercise modalities. The reasons include:
o Variations in Nociceptive Processing and Central
Sensitization
o Some individuals experience greater nociceptive
sensitization due to heightened Group III and
IV afferent activity, leading to more prolonged
pain perception (9).

o Treatments such as acupuncture, -electrical
stimulation, and neuromuscular activation (foam
rolling, massage) are more effective for those
with  higher they
modulate descending inhibitory pain pathways.
NSAIDs and which

primarily target local inflammation, may fail to

central sensitization, as

« However, cryotherapy,
address central sensitization-driven DOMS in
these individuals.

« Differences in Pro- and Anti-inflammatory Cytokine

Responses

o DOMS is associated with variable inflammatory
responses, particularly in IL-6, TNF-a, and

MCP-1 activity, which differ based on exercise

modality, training status, and genetic factors (37).

o Some individuals produce higher levels of pro-
inflammatory cytokines, which delay recovery

and require anti-inflammatory treatments (e.g.,

cold
photobiomodulation therapy).

compression  therapy, therapy, and
o Others demonstrate faster IL-10 upregulation (an

anti-inflammatory cytokine), making passive
recovery more effective (31).

« Role of Muscle Perfusion and Oxygenation

« The ability of interventions like BFR, pneumatic
compression, and LLLT to improve muscle
oxygenation is dependent on vascular function
(72).

o Individuals with better microvascular function
may experience greater benefit from ischemic
conditioning, whereas those with endothelial
dysfunction may not see the same improvement
in recovery.

4.2.2 Exercise-specific mechanisms driving
treatment variability

« Endurance-related DOMS
o Primarily driven by metabolic stress, oxidative
damage, and prolonged cytokine release.
(green tea
extract, resveratrol), compression therapy (to

o Best treated with antioxidants

prevent excess edema), and carbohydrate/

amino acid supplementation (to enhance

energy recovery) (65).
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o Resistance-related DOMS
« Caused by eccentric-induced mechanical damage,
neuromuscular  inhibition, and prolonged
inflammatory responses.

o Neurodynamic mobilization, BFR training, and
electrical stimulation are more effective as they
address motor-unit recruitment, nociceptive

inhibition, and inflammation control (73).

« Plyometric-related DOMS

 Involves high impact-induced microtrauma and

muscle spindle hypersensitivity, leading to

greater proprioceptive dysfunction.
o Best alleviated by foam rolling, dynamic
facilitation

proprioceptive

and neuromuscular
which

stretching,
techniques, restore

balance (8).

4.2.3 Individual-specific factors influencing
treatment response

o Training Status
o Trained individuals exhibit a blunted DOMS
response due to faster anti-
inflammatory adaptations.
» Novices may require more intensive recovery
methods (e.g., LLLT, ischemic conditioning,
NMES) due to reduced neuromuscular efficiency
(37).
o Genetic and Epigenetic Influences
« Some individuals exhibit genetic variations in
cytokine fiber  type
distribution, and pain perception, affecting how

they respond to specific interventions.

regulation,  muscle

o For instance, fast-twitch dominant individuals
pronounced DOMS
resistance training, requiring more aggressive

experience more after
recovery techniques (31).
« Psychological and Perceptual Factors
o Pain perception and pain catastrophizing
influence the effectiveness of placebo-responsive
interventions like acupuncture, massage, and

foam rolling (9).

4.2.4 Exercise load dose-response and
relationship with subsequent neurophysiological
consequence

An additional factor contributing to the variability of recovery
outcomes is the dose-response relationship between exercise load
and the subsequent neurophysiological response. The magnitude
of DOMS is influenced not only by exercise modality but also
by the intensity, duration, volume, and novelty of the exercise
stimulus. Consequently, interventions that appear effective
following moderate exercise may demonstrate limited benefit
after high-intensity or high-volume loading protocols. This
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suggests that recovery strategies should not be selected solely
according to exercise type but also according to the severity of
the physiological stress imposed. Interventions aimed at
reducing inflammation, modulating nociceptive input, enhancing
circulation, or restoring neuromuscular function may be most
effective when tailored to the specific exercise load, recovery
timeline, and individual characteristics of the athlete. Future
research should therefore investigate dose-response relationships
to establish evidence-based criteria for selecting recovery

interventions according to exercise intensity and DOMS severity.

4.3 Translational recommendations for
practitioners
o Endurance Exercise Effect,
Metabolic Stress):
o Primary mechanisms include inflammation (16,

DOMS (Repeated Bout

17, 31) and calcium dysregulation (30).
o Recommended protocol uses active recovery (32)
applied 24 h post-exercise.

o Resistance Exercise DOMS (Nociceptor Sensitization,
Prostaglandin Pathway)

o Primary mechanisms
activation (9, 18, 37).

o Recommended protocol uses compression garments
(SMD = -0.44) (60) combined with photobiomodulation
(SMD =-0.37 CK) (86) applied immediately and 24 h
post-exercise.

o Plyometric Exercise DOMS (Rapid Stretch-Shortening,
Proprioceptive Disruption):

involve Group III/IV afferent

o Primary  mechanisms feature  nociceptor
activation and connective tissue microtrauma
(18, 27).
o Recommended protocol employs foam rolling
(SMD = —-0.34) (79) plus acupuncture
(SMD = —0.89) (59) applied at 48 h post-exercise.

o Severity-Based Decision Algorithm:

o For mild DOMS, use walking for endurance, light
stretching for resistance, and dynamic warm-up
for plyometric.

o For moderate DOMS, combine active recovery for

with PBMT for
resistance, and foam rolling for plyometric.

o For severe DOMS, apply massage (SMD =-0.63) (64).
Decision criteria should integrate exercise modality and

peak DOMS timing (2448 h).

endurance, COIIlpI‘eSSiOI”I garments

To summarise, the variability in DOMS treatment efficacy is

multifaceted,  influenced by  nociceptive = processing,
inflammation, muscle perfusion, exercise type, training status,
and psychological factors. Future research should focus on
recovery protocols that genetic,

and biomechanical factors to optimize

personalized integrate
neurophysiological,

DOMS management across different exercise modalities.
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5 Limitations and future directions

Despite the comprehensive approach of this review, several
limitations should be acknowledged. First, the inclusion of only
peer-reviewed studies published in English may introduce
selection bias, potentially overlooking relevant findings from
non-English sources. Additionally, while the study adhered to
PRISMA guidelines, heterogeneity in research methodologies,
sample populations, and assessment tools across the included
studies limits direct comparability of results. Many studies relied
on subjective pain measures, such as the Visual Analog Scale
(VAS), which, while widely used, does not fully capture the
complex neurophysiological processes in DOMS.
Furthermore, individual variability in genetic predisposition,

involved

training history, and neuromuscular efficiency was not
consistently addressed across studies, which may influence the
reported effectiveness of therapeutic interventions.

Publication Bias, Heterogeneity and limited long term follow up:

Publication bias assessment was limited across available
studies (17, 75, 103). High heterogeneity is confirmed across
exercise modalities (17, 38—44), driven by exercise type variation
and intervention parameters. Long-term follow-ups were absent
across all studies. Therefore, long-term follow-ups are a must for
future research.

Future research should focus on:

« Integrating Neuroimaging Techniques: Advanced imaging
modalities, MRI (fMRI)
magnetoencephalography (MEG), could provide deeper

such as functional and
insights into central and peripheral sensitization processes
in DOMS.

o Personalized Rehabilitation Approaches: Developing
individualized treatment strategies based on biomarkers
and neuromuscular profiles may enhance the efficacy of
DOMS interventions.

« Longitudinal Studies on Adaptation Mechanisms: More
research is needed to understand long-term adaptations
to repetitive DOMS-inducing exercises and their impact
on neuromuscular resilience.

of Modalities:

endurance,

Standardized
resistance,

o Comparative
protocols
plyometric exercise in the same study cohort would

Analysis
comparing and
improve clarity on modality-specific DOMS mechanisms.
Therapeutic ~ Strategies:  Exploring
modalities such as transcranial magnetic stimulation

» Innovative new
(TMS), virtual reality-based pain modulation, and AI-
driven recovery tracking could provide novel insights into
DOMS management.

By addressing these gaps, future studies can refine the
understanding of DOMS and contribute to evidence-based
for athletes, and

recommendations clinicians,

rehabilitation specialists.

6 Conclusion

This literature review aimed to elucidate the distinct
neurophysiological pathways that drive DOMS across endurance,
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resistance, and plyometric training. Additionally, it examined
the neurophysiological pathways involved in various therapeutic
interventions designed to alleviate DOMS, whilst highlighting a
variety of ways to assess it, providing key-take-home to help
clinicians and field partitioners.

The conceptual framework presented in Figure 1 synthesises
these interacting pathways into a unified neurophysiological
model, emphasising that no single mechanism adequately
explains the onset, progression, or resolution of DOMS.

While DOMS is commonly associated with muscle damage and
inflammation, emerging evidence highlights the role of afferent
nociceptor sensitization, central nervous system adaptations, and
proprioceptive disruptions in its development. The comparison of
that endurance-related DOMS
primarily driven by cumulative inflammatory responses, resistance

exercise modalities reveals is
training elicits heightened nociceptive input from mechanical and
metabolic stress, and plyometric training disrupts proprioceptive
control, leading to motor coordination impairments.

The variability in the efficacy of DOMS interventions can be
attributed
adaptation, muscle repair mechanisms, and the dose-response

to differences in pain perception, metabolic
relationship between exercise load and recovery strategy.
cryotherapy, therapy,

nutritional supplementation, and neuromodulatory approaches

Interventions such as compression
may be effective, but their benefits appear to depend on exercise
modality, training intensity, and individual responsiveness.
These findings support a multifaceted and individualized
approach to DOMS management.

This review highlights the need for future research to bridge the
gap between neurophysiological theory and practical recovery
strategies. Future investigations should also prioritise longitudinal
studies integrating neuroimaging, inflammatory and neuromuscular
biomarkers, functional performance testing, and patient-reported
outcomes to clarify the temporal interactions between peripheral
tissue responses and central nervous system adaptations. Particular
attention should be given to sex-specific responses, ageing, exercise
thereby

supporting the development of more precise and individualised

dose-response  relationships, and recovery kinetics,
recovery strategies. The integration of neuroimaging, biomarker
analysis, and functional assessments may further improve our
understanding of recovery processes and support the development
of evidence-based, individualized recovery programs.

A further limitation of the current literature is the absence of
long-term follow-up studies, making it difficult to determine
whether the observed benefits of recovery interventions extend
beyond the acute recovery period. Finally, given the variability
in individual responses, integrating multiple assessment tools is
likely to improve the accuracy and reliability of both research

findings and clinical decision-making.
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