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Executive Function

Executive Function (EF) is considered the controlling
mechanism of cognition dynamics;' where the term
“cognition” refers to all neural processes by which sensory
information is transformed, modulated (reduced or
elaborated), preserved (stored or recovered), and used.
To realize the biological process of cognition, we have
to consider the information process in neural networks
beyond the individual neuron.® EF acts as a dynamic part
of cognition in the conscious control of thought. From
an evolutionary biology perspective, EF is an adaptive
response and plays a major role in self-directed sensory-
motor action.* One may think of it as a collection of
interrelated processes that control and regulate thought
and action, and that are capable of suppressing habitual
responses. EF enables the ability to attend selectively to a
stimulus and to inhibit the distraction of other stimuli. A
combined analysis demonstrated that the lateral prefrontal
cortex (LPFC) cascades EF from premotor to anterior PFC
acting as a controlling mechanism depending on the stimuli,
context, and episode.> The PFC neurons work as part of an
integrative network of EF and control cognition with the
optimum motor response (Figure 1).

A confirmatory factor analysis study!

suggested a taxonomy of EF comprised

of three moderately correlated,

but separable, facets: shifting (task

switching), updating (working memory),

and inhibition (behavioral inhibition).

EF is conceptualized! as the capability
of action selection in relation to internal
goals organized by the Prefrontal Cortex
(PFC). The PFC is functionally important
for the temporal integration of sensory
information (via the multimodal sensory
cortex) in the sequence of optimum

behaviour according to the internal goal.>®” In the PFC, EF
operates through dynamic cross-modal association with
a temporal organization of behaviour according to the
transferred information, like a perception-action cycle.’
In that cycle, the multimodal sensory association area
is integrating sensory information towards movement
planning and thinking as an anatomical substrate of higher
brain function (e.g. conscious thought, perception, and
goal-directed action).? The PFC is the highest level of the
physiological cortical hierarchy and assumes the prime
role for representation and execution of actions.” To sum
up, cognitive control (i.e. EF) is accomplished by framing
of temporal action and by the selection of events, in other
words contextual versus episodic control of communication
(Figure 1).

Potential Role of EF in Mitigate Chronic Pain

In view of pain neurophysiology, subjective interpretation
of pain message goes to three specialized regions of the
brain: 1) The Somatosensory Cortex (physical sensation
region), 2) The Limbic System (emotional feeling region),
and 3) The Frontal Cortex (the thinking or cognitive »

Figure 1: Temporal functional cognitive control processing model (adapted from Koechlin E,

et al. 2003, 2007).>° LPFC = Lateral Prefrontal Cortex.
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region).Thefrontalcortexisconsidered
the most responsible area for pain
generation, maintenance, integration,
and control. More specifically, the
PFC is considered as a key source of
pain modulation.® Evidence suggests
that the PFC actively reorganizes
after chronic exposure to pain.>®
Brain imaging studies demonstrated
parallel activation in areas of the brain
for EF and the experience of chronic
pain. Also, people with chronic pain
suffer from poor executive ability!*2
presumably because they do not have
sufficient access to EF to mitigate their
chronic pain experiences. Therefore,
rehabilitation strategies should aim
to improve EF by targeting the areas
of the brain that share function with
chronic pain.

The top-down pain modulation (pain

inhibitory mechanism) is maintained

by a cognitive control mechanism,®* either by integrating
homeostatic regulation or autonomic premotor area
activation. Rationally, the faulty top-down control is
considered to explain the development of chronic pain.*
Within top-down cognitive control, pain and EF (i.e. cognitive
control mechanism) can be seen as an interlinked dynamic
phenomenon in different stages of the pain process,
especially in the acute to chronic stage (Figure 2). The pain
flare-up condition might further sensitize the nervous
system. Appropriate use of EF interventions might help to
desensitize the system through the operant conditioning
(active behaviour) mechanisms.

Movement and function limitations are common in chronic
pain, and it is linked with pain related disability. EF linking
strategy (e.g. pacing and graded exposure) might be helpful
to reduce pain related disability by maximizing movement
and function. Therefore, treatment approaches focusing on
cognition improvement (e.g. graded motor imagery, goal
setting, altering visual input, graded exposure, tone-pitch
recognition, sensory discrimination training programmes,
desensitization approach, and sensory-motor interaction
targeted exercise) might improve EF and as well as the
movement pattern in chronic pain.

Figure 2: A reciprocal dynamic relationship between EF and Pain,** where both are engaged in the
overlapping function and capacity-limited cognitive resources over the time (T1 and T2 = acute

stage, T3 = transition stage, T4 and T5 = chronic stage). In the chronic stage, pain is inversely
related to executive function.!*?

Conclusion

Applying EF to the management of pain in a clinical setting
can enact a potential source of pain modulation.® The
conscious control of thought and action are fundamental
to motor rehabilitation in chronic pain. Because of the
manipulating power in cross-temporal contingencies, EF is
important in healthy behaviour practice as well as in the
clinical practice of pain management. Further research and
effective knowledge translation are essential in this area of
research and practice. ®
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