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Abstract

Musculoskeletal injuries are a leading cause of pain and disability, with
many patients developing chronic pain. While traditional management
focuses on physical treatments, psychological interventions have
emerged as a complementary approach. This study examines the role of
psychological treatments in pain management after musculoskeletal injury,
their efficacy, and their integration with existing treatment strategies. A
review of literature, including systematic reviews and meta-analyses, was
conducted to assess the effectiveness of psychological treatments such as
cognitive-behavioral therapy (CBT), mindfulness-based stress reduction
(MBSR), and pain neuroscience education (PNE). Studies on the impact
of psychological distress on pain perception, circulating inflammatory
biomarkers, and neuromuscular exercises were analyzed. Research
indicates that psychological elements, particularly pain catastrophizing,
anxiety, and depression, play crucial roles in determining both pain
intensity and disability levels. Short-term improvements in pain intensity,
functional capacity, and psychological well-being have been documented
with CBT, MBSR, and PNE interventions. The integration of psychological
approaches with physiotherapy demonstrates enhanced patient outcomes.
Biological markers of inflammation, specifically CRP and IL-6, show
potential as indicators of pain severity and treatment effectiveness.
Notably, neuromuscular exercises have shown pain-reducing effects
comparable to pharmaceutical interventions, though long-term efficacy
data for psychological treatments remains variable. The integration of
psychological interventions represents a significant advancement in
musculoskeletal pain management, particularly in addressing the mental
and emotional dimensions of pain experience. While current research
supports their immediate benefits, additional investigation is necessary
to determine long-term effectiveness and refine treatment approaches.
Future research should emphasize individualized treatment protocols,
technological integration, and robust longitudinal studies to maximize
therapeutic outcomes.
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Introduction

Musculoskeletal injuries are a significant source of pain and disability
globally, with a substantial proportion of individuals experiencing persistent
pain long after the initial injury. Treatment primarily relies on physical
therapies such as rest, ice, heat, compression, or elevation, but psychological
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treatments addressing emotional and cognitive aspects of
pain perception have also emerged as a possible approach [1].
The risk factors for chronic pain following musculoskeletal
injury include non-modifiable factors (female sex, age over
65 years, and low socioeconomic status) and modifiable risk
factors (greater pain catastrophizing, higher pain-related fear,
and increased symptoms of anxiety, depression, and post-
traumatic stress disorder (PTSD)) [1].

Chronic pain after musculoskeletal injury involves both
physiological and psychological components. Psychological
factors such as catastrophic thinking, depression, anxiety, and
PTSD are strongly associated with increased pain intensity
and disability [2]. These factors can influence the perception
of pain and the overall recovery process [3]. The Orthopedic
Trauma Association highlights that pain catastrophizing and
other ineffective coping strategies are consistently linked to
greater pain intensity and disability [2]. The incidence of
chronic pain following musculoskeletal injury is notable.
For instance, a study found that at six months post-injury,
43.9% of patients reported some degree of pain, and 10.1%
experienced chronic pain [4]. Psychological interventions,
including cognitive-behavioral therapy (CBT), mindfulness
training, and other mindset training, have shown promise
in reducing pain, functional impairment, and psychological
distress in these patients [5].

Current research demonstrates conflicting evidence about
the efficacy of psychological treatments. A systematic review
and meta-analysis by Aaron et al. [6] included 24 randomized
controlled trials with a total of 1966 participants and found
that psychological interventions, such as cognitive behavioral
therapy (CBT), significantly reduced pain intensity, functional
impairment, and symptoms of depression, anxiety, and PTSD
immediately post-treatment [6]. However, the certainty of
evidence was low, and the effects on pain and functional
impairment were not sustained at six-month follow-up [6].

Although psychological interventions alone are
controversial, they may be particularly effective when
combined with physiotherapy care. A network meta-
analysis by Ho et al. [7] demonstrated that CBT and pain
education, when delivered alongside physiotherapy, resulted
in significant improvements in physical function and pain
intensity. This integrative approach underscores the necessity
of a multimodal strategy in managing chronic musculoskeletal
pain. Addressing psychological distress is supported by
medical organizations such as the Orthopedic Trauma
Association and the American College of Physicians. The
Orthopedic Trauma Association's clinical practice guidelines
note that interventions like CBT, self-management training,
and peer support can improve mental health outcomes and
reduce pain [1]. Similarly, the American College of Physicians
recommends psychological therapies, including mindfulness-
based stress reduction and progressive relaxation therapy, for
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chronic low back pain, emphasizing their role in improving
pain intensity and functional status [8].

Despite promisingresults, thereisaneed for furtherresearch
to identify the most effective psychological treatments and to
understand their long-term benefits. The American Society
of Anesthesiologists and the American Society of Regional
Anesthesia and Pain Medicine recommend incorporating
psychological treatments such as CBT, biofeedback, and
relaxation training into chronic pain management protocols
[9]. Thus, psychological treatments offer a valuable adjunct
to traditional pain management strategies for musculoskeletal
injuries. While current evidence supports their efficacy in
reducing pain and psychological distress, ongoing research is
essential to optimize these interventions and ensure sustained
benefits for patients.

Underlying Cellular and Molecular Mechanisms
of Pain in Musculoskeletal Injuries

The underlying cellular and molecular mechanisms of
pain in musculoskeletal injuries involve a complex interplay
between peripheral and central nervous system components
[10-14]. Peripheral nociceptors become sensitized following
injury due to inflammation or ischemia, leading to increased
pain transmission signals to the spinal cord [15-18]. This
process involves the release of neurotransmitters such as
substance P and calcitonin gene-related peptide (CGRP)
from primary afferent neurons, which further potentiate
inflammation and pain perception [10-12] (Figure 1).

In the spinal cord, dorsal horn neurons become sensitized,
exhibiting increased background activity, receptive field size,
and responses to stimuli. This sensitization is mediated by
the activation of N-methyl-D-aspartate (NMDA) receptors,
non-NMDA excitatory amino acid receptors, and neurokinin
1 receptors [15]. Central sensitization, characterized by
enhanced excitability and reduced inhibition within the
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Figure 1: The schematic diagram illustrating the major biomarkers
involved in the severity of pain include various gene expression
markers, inflammatory cytokines, and neuroinflammatory mediators.
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central nervous system, plays a crucial role in the persistence
of pain [15]. Psychological factors significantly influence
the perception and management of pain in musculoskeletal
injuries. Pain catastrophizing, anxiety, depression, and other
psychosocial factors can exacerbate pain intensity and hinder
recovery. The Orthopedic Trauma Association highlights
that variations in pain intensity are more closely associated
with psychosocial factors than with the severity of the injury
itself [19]. Addressing these psychological aspects through
cognitive-behavioral therapy and other psychological
interventions can be effective in managing pain and improving
outcomes for patients with musculoskeletal injuries [19].

Circulating Inflammatory Biomarkers to Predict
the Severity of Pain and Effect of Interventions

Circulating inflammatory biomarkers have been
investigated for their potential to predict the severity of pain
and the effect of interventions in patients with musculoskeletal
injuries. Several studies have explored the relationship
between these biomarkers and pain outcomes, particularly in
the context of psychological treatments for pain management.

For instance, Tonelli et al. [20] found that biomarkers
such as neuropeptide Y (NPY), E-Selectin, vitamin D, and
C-reactive protein (CRP) were associated with pain levels
in patients with acute or subacute low back pain. These
biomarkers showed varying degrees of correlation with pain
and disability outcomes following different interventions,
suggesting their potential utility in predicting treatment
responses [20]. Lee et al. [21] highlighted the moderating
effects of psychological and social variables on the association
between inflammatory biomarkers and pain severity. They
found that factors such as employment status, pre-existing
psychopathology, and sex could influence the relationship
between biomarkers like TNF-o, TGF-f1, and CRP with
pain severity and interference, indicating the complex
interplay between biological and psychosocial factors in pain
perception [21].

Simon et al. [22] demonstrated that higher levels of
CRP, IL-6, and IL-10 were associated with greater pain
reduction following exercise-induced shoulder injury in a
high-risk genetic and psychological subgroup. This suggests
that these biomarkers could help predict pain changes in
response to physical interventions [22]. Hedderson et al.
[23] also reported that elevated concentrations of IL-6 and
IL-10 were associated with pain intensity following exercise-
induced shoulder muscle injury, further supporting the role of
inflammatory cytokines in pain modulation.

Overall, these studies suggest that circulating
inflammatory biomarkers, particularly CRP, IL-6, IL-10, and
TNF-a, may serve as valuable predictors of pain severity and
treatment outcomes in patients with musculoskeletal injuries
[15-17,19,21]. However, the influence of psychological and
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social factors must also be considered to fully understand and
utilize these biomarkers in clinical practice.

Components and Effectiveness of Pain
Neuroscience Education and Effect on Anxiety
and Distress

Pain Neuroscience Education (PNE) is an intervention
designed to reconceptualize an individual's understanding
of their pain, aiming to reduce its perceived threat. The core
components of PNE include educating patients about the
neurophysiology and neurobiology of pain, emphasizing that
pain is a protective mechanism rather than a direct indicator of
tissue damage. This education helps patients understand that
chronic pain can be influenced by various factors, including
psychological and social elements.

The effectiveness of PNE in managing pain after
musculoskeletal injury has been evaluated in several
studies. A systematic review and meta-analysis by Watson
et al. [24] found that PNE had low clinical relevance in
the short term for pain and disability but showed clinically
relevant effects on kinesiophobia and pain catastrophizing
in the medium term [24]. Another meta-analysis by Salazar-
Meéndez et al. [25] highlighted that longer durations of PNE
were associated with significant improvements in anxiety
symptoms, catastrophizing, and kinesiophobia, suggesting a
dose response relationship [25].

Furthermore, Biilow et al. [26] reported small to moderate
effects of PNE on pain and psychological distress at post-
intervention and long-term follow-up, although the overall
quality of evidence was low [26]. Louw et al. [27] also
demonstrated that PNE could reduce anxiety and stress in
patients with chronic musculoskeletal pain.

Pharmacological and Non-Pharmacological
Treatments in Pain Management

Pain management of musculoskeletal injury is
multifactorial and depends on severity, including both
pharmacological and non-pharmacological interventions.
Typically, they are combined but in mild cases solely non-
pharmacological treatments including rest, ice, compression,
and elevation may be utilized. Pharmacological management
typically includes the use of nonsteroidal anti-inflammatory
drugs (NSAIDs), acetaminophen, and in some cases, opioids.
The use of opioids should be approached with caution due to
the risk of dependency and the potential for misdiagnosing
psychological distress as physical pain [1].

Psychological interventions present as an additional
method of managing pain. The Orthopedic Trauma Association
highlights the importance of addressing psychological
distress, which can manifest as anxiety, depression, and post-
traumatic stress disorder (PTSD) following injury. Cognitive
behavioral therapy (CBT), self-management interventions,
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educational information access, peer support, and online
social networking have been studied, with CBT showing
positive effects on pain relief in some trials [19].

The American College of Physicians recommends
psychological therapies such as progressive relaxation,
electromyography biofeedback, operant therapy, and
mindfulness-based stress reduction for chronic low back
pain, noting moderate improvements in pain intensity and
functional status [2]. Additionally, a systematic review and
meta-analysis found that psychological treatments can reduce
pain intensity, functional impairment, and symptoms of
depression, anxiety, and PTSD immediately post-treatment,
although the certainty of evidence is low [6].

Neuromuscular Exercises and Psychological
Treatment Strategies and How Do They
Work, and Their Effectiveness Compared To
Pharmacological Treatment?

Neuromuscular exercises and psychological treatment
strategies are integral components in the management of
chronic musculoskeletal pain. Neuromuscular exercises,
which include activities such as motor control training and
proprioceptive exercises, aim to improve muscle strength,
coordination, and joint stability. These exercises can induce
neuroplastic changes in the nervous system, which are
beneficial for patients with chronic musculoskeletal disorders
[28].

Psychological treatment strategies, such as cognitive-
behavioral therapy (CBT), pain neuroscience education
(PNE), and mindfulness-based stress reduction (MBSR),
target the cognitive and emotional aspects of pain. These
interventions help patients develop coping strategies, reduce
pain catastrophizing, and improve overall mental health. The
American College of Physicians recommends psychological
therapies, including CBT and mindfulness-based stress
reduction, as effective nonpharmacologic treatments for
chronic low back pain [8].

When comparing these nonpharmacological treatments
to pharmacological treatments, evidence suggests that
neuromuscular exercises and psychological interventions
can be as effective, if not more so, in the long term.
Pharmacological treatments, such as NSAIDs and opioids,
provide short-term pain relief but are associated with
potential adverse effects and do not address the underlying
psychological and functional aspects of chronic pain [29].

Psychological treatments play a crucial role in the
management of pain after musculoskeletal injury. A
systematic review and meta-analysis found that psychological
interventions, such as CBT and mindfulness, can significantly
reduce pain intensity, functional impairment, and symptoms
of depression, anxiety, and PTSD immediately post-treatment
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[30]. These interventions are particularly valuable as they
address the psychological distress and maladaptive coping
strategies that often accompany chronic pain, leading to
improved patient outcomes (Figure 2).
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Figure 2: The flow chart illustrates various treatment modalities and
their benefits following an MSK injury.

Outstanding Questions, Gaps in our knowledge
and Challenges

Psychological treatments for managing pain after
musculoskeletal injury have shown promise, but several gaps
in knowledge remain. One major challenge is the variability
in treatment and injury characteristics across studies, which
complicates the synthesis of evidence. The Orthopedic Trauma
Association highlights that while cognitive-behavioral
therapy (CBT) and other psychosocial interventions can
improve mental health and reduce symptoms of depression,
anxiety, and PTSD, the evidence for their effectiveness in
reducing pain and functional impairment is still uncertain due
to low certainty of results [1].

Another limitation is the lack of high-quality research.
Many studies included in systematic reviews are of low or
very low quality, with substantial heterogeneity and risk of
bias [6]. This limits the ability to draw definitive conclusions
about the efficacy of psychological treatments. Additionally,
there is a need for more research on the long-term effects
of these interventions, as most studies focus on short-term
outcomes, and the benefits observed immediately post-
treatment often diminish over time [6].

Furthermore, there is a need to better understand the
mechanisms through which psychological interventions exert
their effects. Mediation and moderation analyses suggest that
reductions in pain-related fear, catastrophizing, and increases
in self-efficacy are important mediators of treatment effects,
but the evidence is not robust [31]. Identifying specific
treatment targets and understanding how they influence
outcomes can help refine and optimize psychological
interventions.

Lastly, implementation challenges persist.
Physiotherapists and other healthcare providers often feel
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inadequately trained to deliver biopsychosocial interventions,
and there are organizational barriers such as time constraints
and referral pathways that hinder the integration of
psychological treatments into routine care [32]. Addressing
these challenges through better training, support, and systemic
changes is crucial for improving the uptake and effectiveness
of psychological treatments for pain management after
musculoskeletal injury.

Future Direction

Future research on psychological treatment for the
management of pain after musculoskeletal injury should
focus on several key areas to enhance treatment efficacy and
implementation. Firstly, there is a need for personalized and
process-based approaches. McCracken [33] argues that the
development of truly personalized treatments, which consider
individual variability and contextually sensitive ongoing
assessment, is crucial for improving outcomes in chronic
pain management. This approach should be idiographic,
focusing on evidence-based mechanisms of change tailored
to individual needs. Secondly, the integration of technology-
enhanced delivery models can facilitate the implementation
of psychologically informed practices. Doorley et al. [34]
highlight the potential of technology to overcome barriers
to implementation and propose future research directions
to explore these models further. This includes the use of
telehealth, mobile applications, and other digital tools to
deliver psychological interventions effectively. Additionally,
research should investigate the specific mediators and
moderators of treatment effects. Murillo et al. [35] emphasize
the importance of understanding how psychologically
based interventions work by examining pain-related fears,
cognitions, and behaviors. Identifying these factors can help
refine and target interventions more precisely. Finally, there
is a need for high-quality, long-term studies to assess the
durability of treatment effects. Aaron et al. [30] noted that
while psychological treatments show promise in reducing
pain and psychological distress post-treatment, the certainty
of evidence is low, and long-term benefits are unclear. Future
research should aim to conduct rigorous trials with extended
follow-up periods to establish the sustained efficacy of these
interventions.

In summary, advancing research in this field requires
a focus on personalized, technology-enhanced, and
mechanism-based approaches, alongside robust long-term
studies to validate and optimize psychological treatments for
pain management after musculoskeletal injury.

Conclusion

The management of pain following musculoskeletal
injury indeed requires an integrative approach that considers
physical, psychological, and social factors. Traditional
treatments such as pharmacological interventions and
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physiotherapy are essential, but psychological treatments
also play a significant role in addressing the emotional
and cognitive dimensions of pain. Psychological
treatments, including cognitive-behavioral therapy (CBT),
mindfulness-based stress reduction (MBSR), and pain
neuroscience education, have shown potential in reducing
pain perception and mitigating psychological distress
such as anxiety, depression, and pain catastrophizing. For
instance, a systematic review and meta-analysis found that
psychological treatments can lead to lower pain intensity,
functional impairment, and symptoms of depression, anxiety,
and PTSD immediately post-treatment, although the certainty
of evidence was low or very low for most effects [30]. The
American College of Physicians recommends psychological
therapies, including CBT and MBSR, for chronic low back
pain, highlighting their effectiveness in improving pain and
function [8]. Similarly, the Orthopedic Trauma Association
emphasizes the importance of psychosocial interventions,
including CBT and self-management strategies, in managing
pain and psychological distress following musculoskeletal
injuries [19]. However, challenges such as variability in study
designs, inconsistent evidence regarding long-term benefits,
and limited understanding of underlying mechanisms
necessitate more rigorous research. Implementation barriers,
including inadequate training for healthcare providers and
organizational constraints, also hinder the integration of
psychological treatments into routine care [30].

Future directions should focus on personalized and
technology-enhanced approaches to psychological treatment,
leveraging telehealth and digital tools to expand accessibility.
Long term, high-quality studies are essential to establish the
sustained efficacy of these interventions and optimize their
application in clinical practice [34].

In conclusion, psychological treatments are a critical
component of pain management strategies for musculoskeletal
injuries. By addressing both the physical and psychological
aspects of pain, these interventions can enhance recovery,
improve quality of life, and potentially prevent the transition
to chronic pain. Advancing research and overcoming
implementation barriers will be key to realizing the full
potential of psychological therapies in pain management.

Key Points

» Effective pain management after musculoskeletal injury
requires a multimodal approach that balances analgesia
with minimizing risks associated with opioid use.

* Musculoskeletal injury often leads to acute pain, which,
if inadequately treated, can progress to chronic pain and
functional impairment.

* Opioids remain a cornerstone of pain management for
severe musculoskeletal injuries, but their use must be
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carefully monitored to avoid dependence and adverse
effects.

» Patients experiencing acute pain after injury benefit
from early intervention strategies that include both
pharmacologic and non-pharmacologic treatments.

* Failure to adequately manage acute pain may increase the
risk of transition to chronic pain, significantly impacting
long-term outcomes.

* Physical therapy 1is an essential component of
rehabilitation, helping to restore function and prevent the
development of chronic pain.

* Some patients may develop neuropathic pain, which
requires alternative treatment strategies, including
anticonvulsants or antidepressants.

» Early and structured rehabilitation is crucial in preventing
functional decline and promoting long-term recovery.

» Patient-centered care in pain management involves
tailoring treatments to individual patient needs,
preferences, and risk factors.

* Targeting inflammation with NSAIDs can help reduce
pain and swelling in the acute phase of musculoskeletal
injuries.
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