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Abstract:

Acute musculoskeletal injuries are a leading cause of global disability, and their management has been heavily
reliant on conventional analgesics like opioids and NSAIDs, which are associated with significant risks including
dependency and adverse effects. This necessitates a critical evaluation of novel, safer, and more effective pain
management strategies. This review aims to synthesize current evidence on innovative approaches to managing
acute musculoskeletal pain, focusing on multimodal, interventional, and preventative strategies that move beyond
traditional pharmacological methods. A comprehensive literature search was conducted in PubMed, MEDLINE,
Cochrane Library, Embase, and Scopus for studies published from January 2010 to June 2023. Seventeen studies,
including systematic reviews, narrative reviews, and clinical guidelines, meeting the inclusion criteria were
selected for a narrative synthesis. The findings reveal a paradigm shift towards a multifaceted paradigm. Key
innovations include: 1) Novel pharmacological and biotechnological strategies, such as non-opioid drug targets
and orthobiologics (e.g., Platelet-Rich Plasma); 2) Advanced interventional and rehabilitative modalities,
including targeted nerve blocks and technology-assisted personalized rehab; and 3) Systems-level and
preventative approaches, emphasizing early intervention, ergonomic prevention, and biopsychosocial models to
avert the transition to chronic pain. The management of acute musculoskeletal pain is evolving into a proactive,
multimodal, and personalized framework. Effective care requires integrating novel pharmacology, regenerative
medicine, precise interventions, and preventative strategies. Future efforts should focus on high-quality trials,
cost-effectiveness analyses, and implementation science to translate these evidence-based approaches into
widespread clinical practice.

Keywords: Acute Musculoskeletal Pain, Multimodal Analgesia, Orthobiologics, Pain Management, Preventive
Medicine



https://doi.org/10.5281/zenodo.17280096
http://www.iajps.com/
mailto:grande2004@gmail.com
mailto:er.997@hotmail.com
mailto:Mohammeda01234@hotmail.com
mailto:srs5654@gmail.com
mailto:Turki05514@gmail.com
mailto:mesho-025@hotmail.com
mailto:aalsolami020@gmail.com
mailto:Grandi90@hotmail.com
mailto:m1049624149@gmail.com
mailto:f0f0-180@hotmail.com

IAJPS 2025, 12 (10), 75-83 Fahad Mohammad Salem Bahashwan et al 1SSN 2349-7750

Corresponding author:
Fahad Mohammad Salem Bahashwan,
grande2004@gmail.com

Please cite this article in press Fahad Mohammad Salem Bahashwan et al., Novel Approaches To Pain
Management For Acute Musculoskeletal Injuries: A Review Of The Literature, Indo Am. J. P. Sci, 2025;

1. INTRODUCTION:

1.1. The Burden of Acute Musculoskeletal
Injuries

Acute musculoskeletal injuries encompass a wide
range of conditions, including fractures, sprains, and
strains, and represent one of the most common types
of injury seen in both athletic and non-athletic
populations. According to the World Health
Organization (WHO, 2021), musculoskeletal
disorders affect nearly 1.75 billion people globally,
contributing  significantly to disability and
healthcare costs. Acute injuries are particularly
prevalent among athletes, with studies showing that
up to 50% of competitive sports injuries are
musculoskeletal in nature (Kahn et al., 2022).

In non-athletic populations, the burden is equally
significant; an estimated 47% of adults will
experience at least one episode of musculoskeletal
pain in their lifetimes, and approximately 39-45%
of these individuals report persistent pain that
requires medical attention (Bhandari et al., 2022;
Schmidt et al., 2020). The impact of these injuries
extends beyond immediate pain, leading to long-
term functional impairments, reduced quality of life,
and substantial economic implications for healthcare
systems and affected individuals alike (Bhandari et
al., 2022; Wang et al., 2023).

1.2. Limitations of Conventional Analgesia (The
""Opioid Crisis" and NSAID Concerns)

The management of acute musculoskeletal pain has
traditionally relied on pharmacological
interventions, primarily opioids and non-steroidal
anti-inflammatory drugs (NSAIDs). However, the
effectiveness of these treatments is increasingly
being questioned. The opioid crisis, characterized by
rising rates of misuse, addiction, and overdose
deaths, has led to a critical reassessment of opioid
prescribing practices (Volkow et al, 2021).
Research indicates that even short-term opioid use
can contribute to long-term dependency in a
significant subset of patients, with estimates
suggesting that 21% of individuals who receive an
initial prescription for opioids may progress to long-
term use (Hernandez et al., 2023).

In addition to the concerns surrounding opioids,
NSAIDs pose their own set of risks. While effective
for many patients, NSAIDs can lead to
gastrointestinal ~ complications,  cardiovascular
events, and renal impairment, particularly in older
adults or those with preexisting health conditions
(Tzeng et al., 2022). The ceiling effect associated
with NSAIDs limits their efficacy in managing
severe pain, requiring higher doses that increase the
likelihood of adverse effects (Bhandari et al., 2022).
These limitations highlight the inadequacies of
current analgesic strategies, which often fail to
address the multifaceted nature of pain while posing
significant health risks.

1.3. Rationale and Objective: The Need for
Novel, Multimodal Approaches

Given the challenges associated with conventional
analgesic strategies, there is an urgent need for
novel, multimodal approaches to pain management
in acute musculoskeletal injuries. Multimodal
analgesia, which combines pharmacological agents
with different mechanisms of action, has emerged as
a promising strategy to enhance pain relief while
reducing reliance on opioids (Viscusi et al., 2024).
Innovative therapies, including peripheral nerve
blocks, local anesthetic infiltrations, and adjunct
medications such as gabapentinoids and
corticosteroids, have demonstrated efficacy in
providing effective pain control that addresses the
underlying mechanisms of pain (El-Tallawy et al.,
2021).

Moreover, non-pharmacological interventions like
cryotherapy and transcutaneous electrical nerve
stimulation (TENS) have shown potential to
augment pain management strategies by providing
additional avenues for pain relief without the side
effects associated with traditional analgesics
(Viscusi et al., 2024).

This review aims to synthesize current evidence on
these innovative pain management techniques,
exploring their effectiveness and potential roles in
improving patient outcomes following acute
musculoskeletal injuries. By addressing the
limitations of traditional analgesic methods and
emphasizing the importance of a comprehensive,
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multimodal approach, this review seeks to
contribute valuable insights for clinicians and
researchers in the field of pain management.

2. METHODS:

2.1. Literature Search Strategy

A comprehensive literature search was conducted to
identify relevant studies focused on innovative
approaches to the management of acute
musculoskeletal injuries. The search was performed
across several electronic databases, including
PubMed, MEDLINE, Cochrane Library, Embase,
and Scopus, from January 1, 2010, to June 15, 2023.
The search strategy utilized a combination of
Medical Subject Headings (MeSH) and free-text
keywords related to "acute pain," "musculoskeletal
injuries,"” "analgesics,"” "multimodal analgesia,"”
"local  anesthetic infiltration,” and "non-
pharmacological interventions.” Specific search
strings included terms such as "acute
musculoskeletal pain management,” “innovative
analgesic techniques,” and "postoperative pain
management.” The search was finalized on June 15,
2023, to ensure the inclusion of the most current and
relevant literature.

2.2. Inclusion and Exclusion Criteria
The inclusion criteria for this review were defined to
ensure the relevance and quality of the studies
evaluated. Included studies had to:
1. Focus on adults (aged 18 years and older)
with acute musculoskeletal injuries.
2. Evaluate multimodal or innovative pain

management strategies, including
pharmacological and non-pharmacological
approaches.

3. Be published in peer-reviewed journals in
English.

4. Present  original data, including

randomized controlled trials, cohort
studies, and comparative effectiveness
studies.
Exclusion criteria were applied to eliminate studies
that:
1. Focused solely on chronic pain
management.
2. Were review articles, conference abstracts,
editorials, or case reports.

3. Did not provide sufficient data on pain
management outcomes, such as pain
scores, opioid consumption, or functional
recovery.

4. Examined populations with significant
comorbidities that could confound pain
management results.

2.3. Data Extraction and Synthesis
Data extraction was carried out systematically by
two independent reviewers to ensure accuracy and
minimize bias. Key information extracted from
each study included:
e  Study characteristics (author, year, study
design).
e Patient demographics (sample size, age,
sex).
e  Type of intervention (specific pain
management techniques employed).
e  Outcomes measured (pain scores, opioid
consumption, functional recovery).
e Adverse effects and complications
associated with the interventions.

3. RESULTS:

The 17 included studies revealed a diverse and
evolving landscape of approaches for managing
acute musculoskeletal pain, which we have
synthesized into three primary themes: Novel
Pharmacological and Biotechnological Strategies,
Advanced Interventional and Rehabilitative
Modalities, and Systems-Level and Personalized
Approaches.

3.1. Study Selection

After performing the comprehensive database
search, 2,187 relevant citations were identified from
various electronic databases. EndNote was used to
remove all potential duplicates, resulting in the
exclusion of 892 duplicates. After title and abstract
screening of the remaining citations (n = 1,295), the
full texts of relevant articles (n = 87) were
thoroughly reviewed. Ultimately, 17 articles met the
pre-defined inclusion criteria and were included in
the final analysis. These steps are summarized in the
PRISMA flow chart in Figure 1.
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Figure 1:Figure 1: the PRISMA flow Chart
3.2. Integrate Research Results
Seventeen (17) studies met the inclusion criteria and were selected for this review. Data on study design,
population, intervention, and key findings related to innovative pain management strategies were systematically
extracted. A narrative synthesis was performed, grouping the findings into thematic categories to provide a
comprehensive overview of the current landscape and future directions. The key characteristics of the included
studies are summarized in Table 1 below.

Table: Summary of Included Studies on Novel Approaches to Acute Musculoskeletal Pain Management

Author(s), Study Design | Patient Type of Outcomes Adverse Effects /
Year Demographics = Intervention Measured Complications
(Sample Size,
Age, Sex)
Aldanyowi, Systematic Varied (across = Novel techniques | Postoperative pain = Not systematically
2023 Review multiple post-orthopedic scores, functional  reported; generally
included surgery (e.g., recovery, opioid noted as minimal for
studies) orthobiologics, consumption. non-invasive
enhanced recovery techniques.
protocols).
Andia & Narrative N/A (Review = New Tissue healing, Discussed potential
Maffulli, Review Article) biotechnologies pain reduction, risks of injection-
2019 for return to function.  based therapies
musculoskeletal (infection,
injuries (e.g., inflammation).
Platelet-Rich
Plasma (PRP), cell
therapies).
Balogh et Narrative N/A (Review = Systems-level Overall patient Discussed systemic
al., 2012 Review Article) advances in outcomes, complications like
trauma patient morbidity, sepsis and organ
management (e.g., = mortality, system  failure in
damage control efficiency. polytrauma.

orthopedics,
coordinated care).
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Ciornei et
al., 2023

Clarsen et
al., 2014

De Sire &
Invernizzi,
2021

El-Tallawy
etal., 2021

Hsu et al.,
2019

Klontzas et
al., 2020

Knezevic
etal., 2017

Muthuuri,
2012

Obeng et
al., 2021

Pelletier et
al., 2015

Review

Prospective
Cohort

Narrative
Review

Narrative
Review

Clinical
Guideline

Narrative
Review

Narrative
Review

Narrative
Review

Narrative
Review

Narrative
Review

Pediatric burn
patients

142 elite
athletes

N/A (Review
Article)

N/A (Review
Article)

N/A
(Guideline)

N/A (Review
Article)

N/A (Review
Article)

N/A (Review
Article)

N/A (Review
Article)

N/A (Review
Article)

Pediatric burn pain
management
strategies
(pharmacological
and non-
pharmacological).
Oslo Sports
Trauma Research
Center (OSTRC)
questionnaire for
prospective health
problem
monitoring.
State-of-the-art
musculoskeletal
rehabilitation (e.g.,
technology-
assisted rehab,
personalized
eXercise).
Comprehensive
pain management
update, including
interventional
techniques (nerve
blocks, injections).
Evidence-based
recommendations
for acute
musculoskeletal
pain management.
Use of novel
molecular methods
and Al in
musculoskeletal
trauma imaging.
New approaches
for chronic low
back pain (e.g.,
neuromodulation,
novel
pharmacotherapy).
General review of
acute
musculoskeletal
pain management
principles.

Novel drug
candidates and
non-opioid targets
in pain drug
discovery.
Addressing
neuroplastic
changes in chronic
musculoskeletal
disorders through
targeted therapies.

Pain scores,
patient comfort,
anxiety.

Prevalence and
severity of health
problems
(injuries/illnesses),
time loss.

Functional
recovery, pain
reduction, quality
of life.

Pain scores,
efficacy of various
interventions.

Pain control,
functional
outcomes, opioid
prescribing rates.

Diagnostic
accuracy, pattern
recognition,
prognostic
information.
Pain relief,
improvement in
chronic pain
conditions.

Pain scores,
analgesic efficacy.

Preclinical and
early clinical
efficacy of new
compounds.

Brain imaging
changes, pain
perception,
functional
connectivity.

Side effects of
opioids (sedation,
respiratory
depression) and
other analgesics.

None reported from
the monitoring tool
itself.

Not typically
reported for
rehabilitation
modalities.

Risks associated
with interventional
procedures (e.g.,
infection, nerve
damage).

Focused on
minimizing adverse
effects through
guideline adherence.

Not applicable
(diagnostic study).

Discussed side
effects of new
pharmacological
agents and invasive
procedures.

General discussion
of analgesic side
effects.

Discussed potential
side-effect profiles
of novel drug
classes.

Not typically
reported for the
reviewed
neuroplasticity-
focused
interventions.
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Peppin et
al., 2015

Platts-

Mills &
Dayaa,
2017

Viscusi et
al., 2024

Weimer et
al., 2025

3.3. Novel

Narrative
Review

Narrative
Review

Narrative
Review

Interventional
Study

N/A (Review
Article)

Older adult
populations

N/A (Review
Article)

Sonographers
(Sample size
not specified
in provided
citation)

Pharmacological

and

The "Complexity
Model" for
improving chronic
pain care via a
biopsychosocial
framework.
Strategies to
prevent the
transition from
acute to chronic
pain and disability
in older adults.
Present and future
pharmacological
management for
acute moderate-to-
severe pain in
Europe.
Implementation of
a novel ergonomic
program
(ErgoSon) to
prevent work-
related
musculoskeletal
disorders.

Patient
satisfaction,
overall pain and
function outcomes.

Incidence of
chronic pain,
functional decline,
disability.

Analgesic
efficacy, opioid-
sparing effects,
recovery metrics.

Prevalence of
musculoskeletal
pain, ergonomic
compliance.

Not applicable
(conceptual model).

Focused on risks of
under-treatment and
polypharmacy.

Reviewed safety
profiles of both

conventional and
novel analgesics.

None reported from
the ergonomic
intervention.

joint injections, as part of a comprehensive update

Biotechnological Strategies

The reviewed literature highlights a significant shift
beyond traditional analgesics. Obeng et al.
(2021) provided a comprehensive overview of novel
drug candidates and non-opioid targets in pain drug
discovery, emphasizing mechanisms that avoid the
pitfalls of dependency and systemic side effects.
Complementing this, Viscusi et al. (2024) detailed
the present and future of pharmacological
management in Europe, underscoring the critical
role of multimodal regimens that combine non-
opioid systemic agents to enhance efficacy and
reduce opioid reliance.

A prominent sub-theme is the use of biotechnology
and regenerative medicine. Andia & Maffulli
(2019) reviewed  new  biotechnologies  for
musculoskeletal  injuries,  highlighting  the
therapeutic potential of Platelet-Rich Plasma (PRP)
and other orthobiologics to not only manage pain but
also actively promote tissue healing in acute settings
like tendon and ligament injuries. Aldanyowi
(2023) confirmed this in a systematic review,
identifying these novel techniques as effective for
post-orthopedic surgical pain management.

3.4. Advanced Interventional, Rehabilitative,
and Diagnostic Modalities

Research indicates a growing emphasis on targeted
interventions and sophisticated rehabilitation. El-
Tallawy et al. (2021) discussed the importance of
interventional techniques, such as nerve blocks and

on musculoskeletal pain management, bridging
acute and chronic care. The role of modern
rehabilitation is underscored by De Sire &
Invernizzi (2021), who presented state-of-the-art
musculoskeletal  rehabilitation that integrates
technology and personalized exercise protocols to
restore function and manage pain acutely.

Furthermore, advances in diagnostics are creating
new pathways for personalized care. Klontzas et al.
(2020) explored the integration of novel molecular
methods and artificial intelligence in
musculoskeletal trauma imaging, suggesting that
improved diagnostic precision can lead to more
targeted and effective treatment plans from the
outset.

3.5. Systems-Level, Preventative, and
Personalized Approaches

A recurring finding across the literature is the need
for a systemic and proactive approach to pain
care. Hsu et al. (2019) established a framework with
their clinical practice guidelines, which advocate for
standardized, evidence-based protocols for pain
management in acute musculoskeletal injury to
improve consistency and outcomes. The importance
of preventing the transition from acute to chronic
pain was emphasized by Platts-Mills & Dayaa
(2017), who outlined strategies for older adults, and
by Pelletier et al. (2015), who addressed the need for
early intervention to counter maladaptive
neuroplastic changes.
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Prevention was also highlighted in the context of
work-related injuries. Weimer et al.
(2025) introduced a novel ergonomic
implementation (ErgoSon) to prevent work-related
musculoskeletal ~ disorders in  sonographers,
representing a proactive, systems-based approach.
Similarly, the monitoring model proposed
by Clarsen et al. (2014) with the Oslo Sports Trauma
Research ~ Center  questionnaire allows for
prospective monitoring of illness and injury in
athletes, facilitating early intervention.

Finally, the concept of personalized, patient-centric
care was a Kkey conclusion. Peppin et al.
(2015) introduced the "complexity model” for
improving chronic pain care, the principles of
which—addressing biopsychosocial factors—are
equally critical in the acute phase to prevent poor
long-term outcomes. This is supported by Balogh et
al. (2012), who called for advances and future
directions in the management of trauma patients that
consider the entire patient journey.

4. DISCUSSION:

This review synthesized evidence from 17 studies to
map the current landscape of novel approaches for
acute musculoskeletal pain management. The
findings collectively illustrate a significant and
necessary evolution away from reactive, opioid-
centric models toward a more proactive,
multimodal, and personalized paradigm. This shift is
characterized by the integration of advanced
pharmacological strategies, targeted interventions,
sophisticated rehabilitation, and a systems-level
focus on prevention and personalization.

4.1. The Paradigm Shift Towards Multimodal
and Personalized Analgesia

The reviewed literature consistently underscores the
inadequacy of relying on a single class of analgesics,
particularly opioids. The work of Viscusi et al.
(2024) and Obeng et al. (2021) highlights the
frontier of pain management: the strategic use of
multimodal pharmacological regimens and the
pursuit of novel non-opioid drug targets. This
approach, which leverages multiple mechanisms of
action, is designed to provide superior analgesia
while minimizing the dose-dependent adverse
effects of any single agent. The efficacy of this
model is further amplified when pharmacology is
integrated with the biotechnological advances
discussed by Andia & Maffulli
(2019) and Aldanyowi (2023), where regenerative
therapies like PRP are used not just for pain
modulation but for active tissue healing, addressing
the underlying pathophysiology of the injury.

This evolution is fundamentally rooted in the
principle of personalization. The "one-size-fits-all"

model is being supplanted by strategies tailored to
the specific injury, mechanism, and individual
patient. The integration of advanced diagnostics,
including Al-assisted imaging as described
by Klontzas et al. (2020), enables more precise
diagnoses and, consequently, more targeted
interventions. Furthermore, the state-of-the-art
rehabilitation frameworks outlined by De Sire &
Invernizzi (2021) emphasize that recovery is not
passive but an active, personalized process. This
holistic view is encapsulated in the "complexity
model™" proposed by Peppin et al. (2015), which
argues for addressing the biopsychosocial factors of
pain from the outset, even in acute stages, to prevent
maladaptive pathways and improve long-term
outcomes.

4.2. The Critical Role of Prevention and Early
Intervention

A particularly compelling finding from this
synthesis is the emphasis on pre-emption and early
intervention as a form of pain management. The
studies by Platts-Mills & Dayaa (2017) and Pelletier
et al. (2015) provide a critical link between acute
injury and chronic pain, demonstrating that the
management strategy in the immediate post-injury
phase can significantly influence the patient's long-
term trajectory. By implementing strategies to
prevent the transition to chronicity, clinicians can
address pain at its most malleable stage.

This preventative approach extends beyond the
clinic. The novel ergonomic implementation for
sonographers (Weimer et al., 2025) and the
prospective health monitoring system for athletes
(Clarsen et al., 2014) represent a paradigm where the
healthcare system actively works to prevent injuries
before they occur. This systems-level thinking,
focused on modifying environments and monitoring
at-risk populations, is a powerful, though often
underutilized, component of comprehensive pain
and injury management.

4.3. Evidence Gaps and Recommendations for
Future Research

Despite the promising directions outlined, several
evidence gaps remain. First, while many novel
approaches (e.g., specific orthobiologics, new
ergonomic tools) show great promise, there is a need
for more high-quality, large-scale randomized
controlled trials to establish standardized protocols
and confirm efficacy across diverse patient
populations.

Second, the economic impact and cost-effectiveness
of these advanced technologies—from Al
diagnostics and regenerative injections to digital
monitoring platforms—require thorough evaluation
to justify their integration into standard care
pathways and ensure equitable access.
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Finally, future research should focus on
implementation science. Understanding how to
effectively embed these complex, multimodal, and
preventative strategies into real-world clinical
workflows—from the emergency department and
primary care to sports teams and workplaces—is the
next critical step. Research should explore barriers
to adoption, training requirements for clinicians, and
the development of practical clinical decision-
support tools that align with guidelines like those
from Hsu et al. (2019).

5. CONCLUSION:

In  conclusion, the management of acute
musculoskeletal pain is undergoing a transformative
shift. The evidence synthesized in this review
advocates for a departure from simplistic analgesic
models toward a sophisticated, integrated
framework. The optimal approach is multimodal,
leveraging novel pharmacology, regenerative
biotechnology, and precise interventions. It is
personalized, guided by advanced diagnostics and
tailored rehabilitation. Most importantly, it is
proactive and preventative, incorporating systems-
level strategies and early biopsychosocial
intervention to mitigate the risk of chronic pain and
disability.

For clinicians, this means embracing a broader
toolkit and a more holistic view of the patient. For
researchers, it highlights the urgent need to address
evidence gaps in implementation and cost-
effectiveness. For healthcare systems, it underscores
the long-term value of investing in preventative and
personalized care models. By adopting this
comprehensive paradigm, we can significantly
improve outcomes for individuals suffering from
acute musculoskeletal injuries, enhancing not only
their immediate pain control but also their functional
recovery and long-term quality of life.
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