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ABSTRACT

The interplay between stress, anxiety, and central pain mechanisms is a critical
consideration in modern physiotherapy. Emerging evidence underscores the
neurobiological convergence of stress-related systems, such as the hypothalamic-
pituitary-adrenal (HPA) axis and sympathetic nervous system, with pain
processing pathways. Chronic stress induces neuroinflammatory responses,
disrupts inhibitory neurotransmission (e.g., GABA), and heightens excitatory
mediators, such as Substance P, collectively amplifying pain sensitivity. Anxiety
further intensifies pain through mechanisms such as catastrophizing, attentional
bias, and anticipatory fear, often leading to maladaptive avoidance behavior.
These psychological states not only exacerbate pain, but may also contribute to the
development and persistence of chronic pain. Effective assessment and intervention
require a multidisciplinary approach that integrates physical and psychological
strategies, including physiotherapy, cognitive-behavioral therapy, mindfulness,
and patient education. Understanding this bidirectional relationship is essential
for personalized treatment planning and improved clinical outcomes. Addressing
both emotional and physiological contributors to pain offers a comprehensive path
to recovery and long-term management.
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them in treatment planning. Advances in
neuroscience have shed light on the underlying
mechanisms, opening new possibilities for
effective treatments.

Neurobiological Foundations

The interaction between stress and pain is
rooted in converging neural circuits and
interconnected biological pathways that
facilitate both phenomena. The hypothalamic-
pituitary-adrenal (HPA) axis functions as a
pivotal component of the organism’s stress
response mechanism. Upon activation by
stressors, the HPA axis secretes cortisol and
various other stress-related hormones that
directly influence pain processing pathways.
Cortisol, in conjunction with additional
glucocorticoids, regulates immune responses
and inflammatory processes,  possibly
altering pain perception. Additionally, stress
hormones can impact the release and function
of neurotransmitters and neuromodulators
related to pain, which in turn influences pain
sensitivity and tolerance.!

Another key element in the body’s response
to stress is the sympathetic nervous system
(SNS). When activated, the SNS initiates
a series of physiological reactions, such
as elevated heart rate and blood pressure,
vasoconstriction, and metabolic adjustments.
These SNS-driven changes can amplify pain
sensitivity and modify pain perception, as the
body reallocates resources to handle perceived
threats. Alongside the HPA axis, the SNS plays
a role in the intricate link between stress and
pain, influencing how pain is perceived and
processed throughout the brain and body.?

Additionally, brain pathways associated
with anxiety, including key structures such
as the amygdala and prefrontal cortex,
closely intersect with those involved in pain
processing. The amygdala, known for its role
in processing emotions such as fear, is integral
to both anxiety and pain perception. When
activated, it can intensify the sensation of pain,
particularly in emotionally charged situations.
The prefrontal cortex, which governs higher
cognitive functions, such as emotional
regulation, influences pain perception by
directing attention and modulating emotional
responses. This overlap of neural pathways
helps explain why emotional states such
as anxiety can significantly impact pain
experiences and why pain can heighten

emotional distress. The shared neural circuits
suggest that treatments aimed at managing
anxiety or stress could also help alleviate
pain, paving the way for holistic approaches
that address both the physical and emotional
aspects of pain and distress.?

Stress-Induced Changes in Pain Processing

Stress profoundly influences pain processing
by triggering changes across the neural,
hormonal, and immune pathways. Prolonged
stress promotes neuroinflammatory responses,
activates brain immune cells, and releases pro-
inflammatory cytokines. This inflammation
sensitizes pain pathways, heightening both
the occurrence and intensity of pain signals,
a phenomenon referred to as hyperalgesia.'
Repeated exposure to stress leads to
adaptations in neurotransmitter systems that
are critical for pain modulation:

* Substance P: Stress increases the release
of Substance P, a neuropeptide associated
with pain perception. Higher Substance P
levels facilitate the transmission of pain
signals, particularly in the spinal cord,
leading to increased pain sensitivity and
potentially amplifying pain experiences.

* Gamma-Aminobutyric Acid (GABA):
Chronic stress disrupts the normal
modulation of GABA, an inhibitory
neurotransmitter that dampens pain
perception. Reduced GABA activity
diminishes the natural pain-inhibition
mechanisms of the brain, making it more
challenging to cope with and reduce pain.

* Noradrenergic System: Stress alters the
noradrenergic system, which plays a key
role in modulating pain signals. Changes
in norepinephrine levels can increase pain
sensitivity and disrupt the body’s ability
to effectively regulate pain responses.

Neurochemical shifts triggered by stress can
lower pain thresholds and amplify temporal
summation (a stronger response to repeated
pain stimuli). Consequently, those dealing
with chronic stress may experience ongoing
pain, even from mild or manageable triggers.
Over time, these stress-related changes can
cause lasting modifications in pain-processing
systems, potentially leading to chronic pain
conditions such as fibromyalgia and irritable
bowel syndrome (IBS).*
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Anxiety’s Role in Pain Amplification

Anxiety has a powerful impact on how pain is
perceived, serving both to intensify pain and
forecast the likelihood of developing chronic
pain. The fear-avoidance model explains how
anxiety about pain can result in avoidance
behaviors, which then contribute to physical
deconditioning, heightened disability,
and increased reliance on pain-associated
behaviors. For instance, people who worry
that physical activity might aggravate their
pain may completely avoid it, leading to
weakened muscles and decreased flexibility,
both of which can enhance pain perception
and reduce functional ability.>*

The primary way anxiety intensifies pain is
through pain catastrophizing, a mental process
in which individuals dwell on and magnify the
threat and severity of pain. This ongoing focus
on pain can heighten its perceived intensity
and is linked to long-term outcomes, including
increased disability. Catastrophizing also
impacts pain processing on a neurobiological
level by stimulating heightened activity in
brain areas involved in emotion, such as the
anterior cingulate cortex and amygdala, which
further boosts pain sensitivity.”®

Attention plays a major role in how anxiety
and pain interact. When people feel anxious,
they tend to become hyper-focused on any
physical sensations that might signal pain, even
if they are minor. This heightened attention
can make them more aware of pain, fueling
anxiety, and making pain feel more present
in daily life. Additionally, the worry about
pain that might occur, anticipatory anxiety,
can actually make people more sensitive to
pain before anything painful even occurs. This
creates a cycle in which anxiety and pain feed
off each other, raising the likelihood that acute
pain could develop into a chronic condition.**

Recognizing how these mechanisms work
shows why it is so important to address both
pain and anxiety together. This integrated
approach canhelp prevent pain from becoming
overwhelming and can lead to better long-term
relief for people dealing with pain.

Clinical Manifestations

Common clinical presentations include the fol-
lowing:

* Widespread hyperalgesia

* Increased pain sensitivity

* Sleep disturbances
e Autonomic nervous system dysfunction
* Mood alterations

These symptoms can make diagnosis and
treatment more challenging, necessitating a
thorough evaluation to differentiate between
primary pain conditions and pain intensified
by stress.

Bidirectional Relationship

Stress, anxiety, and pain are closely linked,
with each affecting the others in a two-way
relationship. Pain can trigger stress and
anxiety, which makes the pain feel worse. This
can set off a cycle that is hard to break without
focused support and treatment.''?

Understanding this bidirectional relationship
is crucial for:
* Developing effective treatment strategies
* Breaking negative cycles
condition

* Preventing chronic

development
¢ Improving treatment outcomes
Assessment Tools and Measures

A comprehensive assessment requires multiple
tools:

1. Psychological Screening;:
» Pain Catastrophizing Scale
» Hospital Anxiety and Depression Scale
» Fear-Avoidance Beliefs Questionnaire
2. Pain Sensitivity Testing;:
» Quantitative sensory testing
» Pressure pain thresholds
» Temporal summation assessment
3. Stress Biomarkers:
» Cortisol levels
» Heart rate variability
> Inflammatory markers
Treatment Approaches
Effective treatment requires a multimodal
approach incorporating various strategies:
Physiotherapy Interventions

* Graded exercise programs focusing on
progressive exposure
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* Manual therapy with consideration of
central sensitization

* Activity pacing and energy conservation
strategies

* Body awareness training

Psychological Approaches
* Cognitive behavioral therapy techniques
* Mindfulness-based stress reduction
* Relaxation training
* Breathing exercises

Integrated Treatment Models

¢ Combined physical and psychological
approaches

¢ Team-based care coordination
* Regular progress monitoring
¢ Flexible treatment modification

Patient Education

Education plays a crucial role in treatment
success. Key educational components include
the following:

4. Understanding the Stress-Pain Connection:
> Basic neurophysiology
» Stress response mechanisms
» Impact on daily function
5. Self-Management Strategies:
> Stress reduction techniques
» Activity modification
» Pacing strategies
6. Lifestyle Modifications:
> Sleep hygiene
» Physical activity guidelines
» Stress management techniques
Clinical Implications

Implementation in clinical practice requires
the following:

1. Treatment Planning:

» Regular assessment of stress and
anxiety levels

» Modification of treatment intensity
based on stress state

> Integration of stress management
techniques

2. Outcome Prediction:
> Use of prognostic indicators
> Regular progress monitoring
3. Referral Considerations:
> Clear criteria for psychological referral

» Multi-disciplinary team involvement

Practical Recommendations

Key practical recommendations for addressing
the link between stress, anxiety, and central
pain mechanisms in clinical practice:

¢ Comprehensive assessments: Regular
screening for stress/anxiety, thorough
pain evaluation, functional impact
assessment

e Tailored treatment approach: Staged
interventions, frequent progress reviews,
clear outcome measures

e Effective = communication:  Explain
underlying mechanisms to patients,
encourage regular feedback, facilitate
team coordination

CONCLUSION

Understanding the connection between
stress, anxiety, and central pain mechanisms
is essential for effective physiotherapy. These
intertwined systems call for a thoughtful
approach to both assessment and treatment,
blending physical therapy with psychological
support and patient education. While future
research will likely deepen our understanding
and improve treatment options, current
evidence highlights the value of addressing
stress and anxiety as part of pain management.
For the best patient outcomes, physiotherapists
need to stay informed of new findings and
adapt their methods to include these insights.
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