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Introduction
Pain is a complex experience influenced not only by nociceptive 

input but also by psychological and emotional states. Traditionally, the 
biological model of pain focused primarily on peripheral and spinal 
mechanisms. However, neuroimaging and psychophysiological studies 
over the past two decades have demonstrated that the brain's emotional 
centers significantly impact how pain is experienced and processed. 
Emotional states such as fear, anxiety, depression, and catastrophizing 
are now recognized as key modulators of pain sensitivity and chronicity 
[1].

Understanding how the brain processes the emotional dimension 
of pain is critical for developing comprehensive pain management 
strategies. Emotional processing involves interpreting the significance 
of a painful event, anticipating future pain, and regulating one's 
emotional response to discomfort. The way individuals emotionally 
respond to pain can greatly amplify or diminish its intensity, and it 
plays a crucial role in the transition from acute to chronic pain. This 
article aims to examine the brain’s emotional response to pain stimuli, 
review relevant neural structures and pathways, and explore how this 
knowledge can guide more effective interventions for individuals 
suffering from both acute and chronic pain conditions [2].

Description
The multidimensional nature of pain

Pain comprises at least three major components:

Sensory-discriminative: Refers to the location, intensity, and 
quality of pain. It is primarily processed by the primary and secondary 
somatosensory cortices (S1 and S2) and the thalamus.

Affective-emotional: Concerns the unpleasantness of pain and 
is processed by regions such as the anterior cingulate cortex (ACC), 
insular cortex, and amygdala.

Cognitive-evaluative: Involves attention, expectation, memory, 
and appraisal. The prefrontal cortex plays a central role here [3].

Pain is not simply a physiological response to noxious stimuli; it is 
deeply embedded within an individual's emotional and psychological 

context. For example, the same painful stimulus can feel more intense 
when an individual is anxious, and less intense when distracted or 
emotionally supported.

Neural structures involved in emotional pain processing
The emotional dimension of pain is supported by a network often 

referred to as the “pain matrix,” which includes:

Anterior cingulate cortex (ACC): Associated with the affective 
component of pain. Activation in the ACC correlates with pain 
unpleasantness rather than intensity. It also plays a role in anticipating 
pain and generating emotional responses [4].

Insular cortex: Especially the anterior insula, is involved in 
interoceptive awareness and integrating emotional and bodily states. 
It is consistently activated during both physical pain and empathy for 
pain.

Amygdala: Processes fear and threat, modulating pain perception 
based on emotional salience. The amygdala's connections to the 
brainstem influence autonomic responses to pain.

Prefrontal cortex (PFC): Contributes to the cognitive regulation 
of pain, expectation, and top-down control. It helps reframe pain 
experiences and is activated in placebo analgesia and mindfulness 
practices.

Periaqueductal gray (PAG): Located in the midbrain, it plays a 
key role in descending modulation of pain and is influenced by limbic 
system input [5].

These brain regions interact to shape the subjective experience 
of pain, particularly under conditions of chronic stress, emotional 
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Abstract
Pain is a multidimensional experience encompassing sensory, cognitive, and emotional components. While the 

sensory-discriminative aspect has been widely studied, increasing attention is being directed toward the affective-
emotional response to pain and its neural underpinnings. Emotional processing significantly influences how pain 
is perceived and tolerated, with growing evidence highlighting the roles of brain regions such as the anterior 
cingulate cortex, insula, amygdala, and prefrontal cortex. This article explores the neural correlates of emotional 
pain processing, how emotional states can modulate pain perception, and the bidirectional relationship between 
chronic pain and affective disorders. It also discusses implications for clinical practice, emphasizing the importance 
of integrated pain management approaches that address emotional well-being alongside physical symptoms.
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trauma, or psychological comorbidity.

Discussion
Interaction between emotion and pain perception

Studies show that emotional states significantly modulate the 
perception and processing of pain. Negative emotions—such as anxiety, 
anger, or sadness—can enhance pain intensity and reduce tolerance. 
Positive emotions, including joy, social bonding, or compassion, can 
mitigate pain experiences through endogenous opioid and dopamine 
systems.

Fear-avoidance and pain: The fear-avoidance model suggests that 
individuals who catastrophize or fear pain are more likely to avoid 
movement or activity, leading to deconditioning, depression, and 
increased disability. This reinforces the chronic pain cycle [6].

Depression and pain: Chronic pain and depression are highly 
comorbid. Depressed individuals often report higher pain levels, 
even in the absence of increased nociceptive input. This may be due 
to dysfunction in the prefrontal-limbic system and dysregulation of 
neurotransmitters such as serotonin and norepinephrine.

Anxiety and anticipatory pain: Anxiety increases attentional bias 
toward pain and heightens anticipation. Neuroimaging shows that the 
insula and amygdala are more active in anxious individuals anticipating 
pain, even before the stimulus is delivered.

Neuroimaging evidence
Functional magnetic resonance imaging (fMRI), positron emission 

tomography (PET), and electroencephalography (EEG) studies have 
provided insights into how emotional and cognitive states influence 
pain processing:

FMRI studies demonstrate increased activity in the ACC and 
anterior insula during emotional pain, such as social rejection or 
empathy for others' pain [7].

PET scans show changes in regional cerebral blood flow during 
acute and chronic pain episodes, particularly in emotion-processing 
regions.

EEG studies suggest that event-related potentials (ERPs) 
associated with pain are modulated by mood states and psychological 
interventions.

These findings have laid the groundwork for pain neuroscience 
education and emotion-focused therapies in clinical settings.

Pain chronification and emotional dysregulation
Emotional dysregulation may be both a consequence and a driver 

of chronic pain. Chronic pain alters brain function and structure—
particularly in regions associated with emotion. Long-standing pain 
can result in:

•	 Gray matter reduction in the prefrontal cortex and 
hippocampus [8].

•	 Heightened activity in the limbic system.

•	 Dysfunction in the Hypothalamic-Pituitary-Adrenal (HPA) 
axis.

Neuroplastic changes reinforce pain pathways and make the 
nervous system more sensitive to pain input—a phenomenon known 
as central sensitization. Emotional trauma, early life stress, and ongoing 

psychological distress further contribute to this process, resulting in 
more intense and persistent pain experiences.

Clinical implications and interventions
Recognizing the emotional dimension of pain leads to more 

effective, holistic pain treatment strategies:

Cognitive behavioral therapy (CBT): Helps patients reframe 
negative pain-related thoughts and manage fear-avoidance behaviour 
[9].

Mindfulness and acceptance-based therapies: Reduce reactivity 
to pain and enhance emotional regulation via the prefrontal cortex.

Biofeedback and neurofeedback: Offer tools to modulate 
emotional and physiological responses to pain.

Pharmacologic agents: Antidepressants like SSRIs and SNRIs not 
only improve mood but also influence pain pathways.

Emerging interventions, such as virtual reality (VR) therapy, 
emotional disclosure techniques, and neuromodulation, show 
promise in targeting emotional contributors to pain.

Integrating psychological and emotional assessment into standard 
pain evaluations can help personalize treatment and improve outcomes, 
particularly in patients with high emotional distress [10].

Conclusion
Pain is not merely a sensory phenomenon but a deeply emotional 

one. Emotional processing plays a critical role in how pain is perceived, 
experienced, and remembered. Brain structures such as the ACC, 
insula, amygdala, and PFC form a complex network that integrates 
emotional and sensory information, influencing pain outcomes. 
Understanding the neural mechanisms underlying emotional responses 
to pain opens avenues for more comprehensive treatment approaches. 
Addressing both emotional and physical aspects of pain leads to better 
patient outcomes, particularly in chronic pain syndromes where 
emotional distress often becomes entrenched. As the field of pain 
neuroscience evolves, interdisciplinary approaches combining medical, 
psychological, and neurological insights will be essential. Integrating 
emotional processing into both research and clinical paradigms 
represents a vital step forward in the effective management of pain.
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