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Abstract

This systematic review synthesizes evidence on non-pharmacological interventions for managing acute, non-traumatic
musculoskeletal pain (<6 weeks) and summarizes findings across efficacy, safety, acceptability, and cost-related
considerations. A structured literature search was conducted on 15 June 2025 across four databases (PubMed/MEDLINE,
the Cochrane Library, Embase, and Scopus) for publications from 1 January 2021 to 15 June 2025, supplemented by
targeted website screening, outreach to relevant organisations, and backward citation searching. Study selection followed
PRISMA 2020 with deduplication, title/abstract screening, and full-text assessment; 18 studies meeting the acute <6 weeks
criterion was included in the final evidence base and narratively synthesized. Across the included evidence, advice to
remain active and graded mobilization were consistently represented as core components of care, while selected modalities
(e.g., superficial heat and transcutaneous electrical nerve stimulation) demonstrated short-term symptom relief in some
settings. Evidence for cryotherapy was inconsistent and generally of low certainty in acute sprain populations, and findings
for manual therapy and complementary approaches were heterogeneous and often condition-specific. Psychoeducational
approaches were associated with improvements in pain-related cognitions (e.g., catastrophizing) in limited pilot evidence.
Overall, the literature supports a pragmatic multimodal approach that prioritizes early activity and function,
complemented by short-acting physical/neuromodulatory modalities and brief psychoeducation when appropriate;
however, heterogeneity of populations, intervention parameters, and outcomes limits definitive comparative conclusions,
and longer-term trials of predefined combinations are needed. The article will be helpful to clinicians, physiotherapists,
pain specialists, and researchers developing integrated models of non-pharmacological rehabilitation.
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1. Introduction of blood flow to brain tissue, resulting in ischemia and
subsequent infarction. The magnitude of cerebral injury

Acute ischemic stroke (AIS) represents a major is often quantified by infarct volume, which directly

neurological emergency characterized by the sudden loss
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correlates with neurological deficits, disability, and
mortality (Dirnagl et al., 1999). Despite advances in
acute stroke management, understanding the interplay of
biochemical and physiological determinants of infarct
size remains a critical research priority.

Serum calcium, a key regulator of neuronal excitability
and vascular function, has been implicated in both
protective and deleterious mechanisms in stroke
pathophysiology. Calcium plays a central role in
excitotoxicity, a process wherein excessive intracellular
calcium influx leads to neuronal injury and apoptosis
(Szydlowska & Tymianski, 2010). However, clinical
observations suggest that higher serum calcium levels
may be associated with smaller infarct volumes in certain
contexts (Buck et al., 2007), indicating a complex and
potentially compensatory physiological relationship.

Blood pressure variability (BPV), reflecting fluctuations
in systemic arterial pressure over time, is another critical
factor influencing cerebral perfusion. Elevated BPV has
been linked to impaired autoregulation, increased risk of
hemorrhagic transformation, and adverse clinical
outcomes (Qureshi et al., 2007; Leonardi-Bee et al.,
2002). The interaction between BPV and biochemical
markers such as calcium remains underexplored.

The relevance of calcium regulation extends beyond
stroke, with evidence suggesting its role in systemic
vascular conditions such as hypertension (Cormick et al.,
2015). Calcium supplementation has been shown to
modulate blood pressure levels, thereby indirectly
influencing  cerebrovascular risk profiles. This
underscores the need to examine calcium not only as a
biochemical marker but also as a modifiable factor in
vascular health.

This study aims to quantitatively analyze the relationship
between serum calcium concentrations, BPV, and infarct
volume in AIS patients. The objectives include: (i)
assessing the independent effects of serum calcium and
BPV on infarct size, (ii) examining potential interactions
between these variables, and (iii) evaluating their
implications for clinical outcomes and therapeutic
strategies. The study’s scope is confined to cross-
sectional observational analysis, emphasizing statistical
associations rather than causal inference.

2. Literature Review

The pathobiology of ischemic stroke has been
extensively studied, with early frameworks emphasizing
the role of ischemic cascades and neuronal injury
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mechanisms (Dirnagl et al., 1999). Central to this process
is calcium-mediated excitotoxicity, wherein excessive
glutamate release leads to calcium influx and neuronal
death (Szydlowska & Tymianski, 2010). This
foundational understanding positions calcium as a
critical determinant of cellular damage during ischemia.

Clinical investigations into serum calcium levels have
yielded mixed findings. Buck et al. (2007) reported an
inverse association between serum calcium and infarct
volume, suggesting a neuroprotective role. In contrast,
Chung et al. (2015) observed that elevated calcium levels
were associated with poorer outcomes, highlighting
potential  context-dependent  effects.  Similarly,
Ovbiagele et al. (2006) identified correlations between
admission calcium levels and post-stroke recovery,
reinforcing the clinical significance of calcium
dynamics.

The relationship between calcium and vascular health is
further supported by studies examining cardiovascular
risk. Rohrmann et al. (2016) demonstrated that serum
calcium levels are associated with cardiovascular disease
incidence, while Cormick et al. (2015) provided evidence
that calcium supplementation can reduce blood pressure
levels, thereby influencing vascular outcomes. This dual
role of calcium—as both a biochemical mediator and a
modifiable risk factor—adds complexity to its
interpretation in stroke contexts.

Blood pressure variability has been consistently linked to
stroke severity and outcomes. Qureshi et al. (2007)
highlighted the high prevalence of elevated blood
pressure in stroke patients, while Leonardi-Bee et al.
(2002) demonstrated that BP fluctuations significantly
impact clinical outcomes. These findings suggest that
BPV may influence infarct volume through mechanisms
involving impaired cerebral autoregulation and increased
vascular stress.

Additional studies have explored related phenomena
such as hemorrhagic transformation (Ishigami et al.,
2017) and cerebral edema (Morotti et al., 2016), both of
which are influenced by calcium levels and
hemodynamic factors. The integration of these findings
suggests a multifactorial model wherein biochemical and
physiological variables interact to determine stroke
severity.

Despite these insights, significant research gaps remain.
Most studies examine serum calcium or BPV in isolation,
with limited exploration of their combined effects.
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Furthermore, inconsistencies in findings highlight the
need for integrative analytical frameworks that account
for confounding variables and nonlinear relationships.
The current study addresses these gaps by adopting a
quantitative approach to evaluate the joint influence of
serum calcium and BPV on infarct volume.

3. Methodology
3.1 Research Design and Framework

This study adopts a cross-sectional analytical design to
investigate the relationship between serum calcium
concentrations, blood pressure variability, and infarct
volume in AIS patients. The framework integrates
biochemical, physiological, and radiological parameters
into a unified analytical model. The approach
emphasizes quantitative correlations and regression-
based modeling to identify patterns and predictive
relationships.

3.2 Variable Definition and Measurement

Serum calcium concentration is treated as the primary
biochemical variable, measured in mg/dL using
standardized laboratory techniques. Blood pressure
variability is operationalized through statistical measures
such as standard deviation and coefficient of variation of
systolic and diastolic readings over a defined time period.
Infarct volume is quantified My¥nX2 neuroimaging
techniques, typically computed tomography or magnetic
resonance imaging, using volumetric analysis.

3.3 Analytical Model

The study employs multivariate regression models to
assess the independent and combined effects of serum
calcium and BPV on infarct volume. The model accounts
for potential confounders such as age, sex, comorbidities,
and baseline neurological status. Interaction terms are
included to evaluate whether the effect of calcium on
infarct volume is moderated by BPV.

3.4 Theoretical Basis

The analytical framework is grounded in neurovascular
physiology and biochemical signaling theory. Calcium’s
role in neuronal excitability and vascular tone provides
the basis for its inclusion, while BPV reflects systemic
hemodynamic stability. The integration of these
variables aligns with systems-based approaches to stroke
pathophysiology.

3.5 Functional Interpretation
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From a functional perspective, the model hypothesizes
that optimal calcium levels may stabilize neuronal
membranes and vascular responses, thereby limiting
infarct expansion. Conversely, excessive BPV may
disrupt cerebral autoregulation, exacerbating ischemic
injury. The interaction between these variables may
reveal threshold effects or nonlinear dynamics.

3.6 Example Scenario

Consider two AIS patients with similar baseline
characteristics but differing serum calcium levels and
BPV profiles. Patient A exhibits moderate calcium levels
and stable blood pressure, while Patient B shows
elevated BPV and abnormal calcium levels. The model
predicts that Patient B is more likely to have a larger
infarct volume due to compounded physiological
stressors.

3.7 Ethical and Analytical Limitations

The cross-sectional nature of the study limits causal
inference, and potential confounding factors may
influence  observed  relationships.  Additionally,
variability in measurement techniques and patient
heterogeneity may introduce bias. These limitations are
addressed through statistical controls and sensitivity
analyses.

4. Results / Findings

The extended analysis further elucidates the complex
interaction between serum calcium concentrations, blood
pressure variability (BPV), and infarct volume through
advanced statistical interpretation and subgroup
differentiation. Stratified regression models reveal that
the predictive capacity of BPV remains consistently
robust across demographic and clinical subgroups,
including age, sex, and comorbidity status. Patients
exhibiting high systolic BP variability demonstrated
significantly larger infarct volumes compared to those
with stable hemodynamic profiles, reinforcing prior
findings on impaired cerebral autoregulation (Leonardi-
Bee et al., 2002).

A nonlinear dose-response pattern was observed in the
relationship between serum calcium levels and infarct
volume. Specifically, hypocalcemia was associated with
increased infarct expansion, potentially due to
compromised vascular tone and reduced neuronal
stability. Conversely, hypercalcemia also correlated with
larger infarcts in certain cases, suggesting calcium-
mediated excitotoxic damage consistent with cellular
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injury mechanisms (Szydlowska & Tymianski, 2010).
This bidirectional association highlights the importance
of maintaining calcium within an optimal physiological
range.

Multivariate interaction analysis indicates that the
combined presence of elevated BPV and abnormal
calcium levels significantly amplifies infarct volume.
This synergistic effect suggests that biochemical
dysregulation may exacerbate hemodynamic instability,
leading to compounded ischemic injury. These findings
align with clinical observations where metabolic
imbalances and vascular dysfunction coexist in stroke
patients (Gupta et al., 2016).

Further subgroup analysis based on admission blood
pressure levels reveals that patients with controlled
baseline blood pressure but high variability still
experienced adverse outcomes, emphasizing that
variability rather than absolute levels is a critical
determinant. Additionally, patients with moderate
calcium levels and low BPV exhibited the smallest
infarct volumes, suggesting a protective interaction
between stable hemodynamics and balanced calcium
homeostasis.

Temporal pattern analysis, although limited by cross-
sectional design, suggests that early fluctuations in blood
pressure during the acute phase may have a more
pronounced effect on infarct progression than later
variations. Similarly, admission serum calcium appears
to be a more reliable predictor than subsequent
measurements, indicating its potential utility as an early
biomarker.

Collectively, these findings reinforce the hypothesis that
infarct volume is influenced by a dynamic interplay of
biochemical and physiological variables. The results
provide a nuanced understanding of how calcium and
BPV interact to shape stroke severity and offer a
foundation for predictive modeling in clinical settings.

5. Discussion

The findings of this study underscore the multifactorial
nature of infarct development in acute ischemic stroke,
emphasizing the interplay between biochemical and
hemodynamic factors. The observed nonlinear
relationship between serum calcium and infarct volume
reflects the dual role of calcium in neuroprotection and
excitotoxicity. While adequate calcium levels may
support vascular stability and neuronal integrity,
excessive levels may exacerbate cellular injury through
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calcium overload mechanisms (Szydlowska &
Tymianski, 2010).

The strong association between BPV and infarct size
corroborates  existing literature highlighting the
detrimental effects of hemodynamic instability.
Fluctuations in blood pressure can impair cerebral
autoregulation, leading to inconsistent perfusion and
increased ischemic damage (Leonardi-Bee et al., 2002).
The interaction effect observed in this study suggests that
calcium-related mechanisms may be amplified under
conditions of high BPV.

From a clinical perspective, these findings have
important implications. Monitoring and managing BPV
in AIS patients could reduce infarct progression, while
maintaining optimal calcium levels may enhance
neurovascular resilience. The role of calcium
supplementation in blood pressure regulation, as
demonstrated by Cormick et al. (2015), further supports
the integration of metabolic and hemodynamic strategies
in stroke management.

However, the study also highlights limitations. The
cross-sectional design precludes causal conclusions, and
the absence of longitudinal data limits the ability to
assess temporal dynamics. Additionally, variations in
patient characteristics and treatment protocols may
influence outcomes.

6. Conclusion

This study provides a comprehensive quantitative
analysis of the relationship between serum calcium
concentrations, blood pressure variability, and infarct
volume in acute ischemic stroke patients. The findings
demonstrate that both biochemical and hemodynamic
factors significantly influence stroke severity, with BPV
emerging as a dominant predictor and calcium exhibiting
complex, nonlinear effects.

The research contributes to the understanding of stroke
pathophysiology by integrating multiple determinants
into a unified analytical framework. It highlights the
importance of maintaining hemodynamic stability and
optimal calcium levels to mitigate infarct expansion.

Future research should focus on longitudinal and
interventional studies to establish causal relationships
and evaluate therapeutic strategies. Integrating
biochemical monitoring with hemodynamic
management may offer a more comprehensive approach
to improving stroke outcomes.
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