Supplementary File S2. Detailed discussion
about EEG and SEPs Source Localisation

Changes

4.1. Resting state EEG source localisation
4.1.1. Resting state EEG PRE vs POST first session of chiropractic care

4.1.1.1. Alpha power increased functional connectivity between right
Parahippocampal cortex and right Posterior Cingulate Cortex (R PCC)
and Alpha power increased functional connectivity between the left
Parahippocampal cortex (L ParaH) cortex and the right medial
Orbitofrontal cortex (R MOF).

Alpha rhythms are known to play a key role in scene perception [1].
The PCC is important for many cognitive functions [2,3], including
navigation and spatial memory [2,3] and for emotional regulation and
awareness [4-7]. The MOF cortex is essential for processing information
about one’s own mental states, beliefs, intentions and desires for the
future [4-7]. It plays a key role in introspection and the construction of a
narrative sense of self [4-7], and is known to be well connected to the
ParaH cortex which is vital for memory formation and retrieval [8-12],
including the emotional modulation of memories [9,13-15]. Furthermore,
the MOF has been shown to have reduced functional connectivity in
depressed individuals [16]. Thus, the increased functional connectivity in
Alpha power between the PCC and the ParaH cortex and the MOF and
the ParaH straight after an adjustment most likely reflects a state of
heightened introspection, or internally directed cognition and/or
increased emotional and spatial awareness after the adjustment. This is
supported by previous research that has, for example, shown that straight
after spinal adjustments there is improved proprioception of the spine
[17], and extremities such as the elbow joint [18]. Other studies have
shown that the presence of spinal dysfunction is associated with less
accurate and slower multisensory integration of sound and visual
information [19] that would impact processing and integration of object
recognition and scene perception. Furthermore, a clinical trial showed
improved multisensory integration of sound and visual information in a
group of older adults following 12 weeks of chiropractic care [20]. These
findings align with our between-group spectral analysis, which
highlighted an increase in Alpha-band activity in the central regions of
the brain. Alpha power is also commonly found to be lower in individuals
with chronic pain, localized in the insula and particularly in the frontal
lobes, when compared with healthy controls [21-24]. Therefore, it’s
possible that the Alpha power frequency changes found in this study also
reflect changes in pain perception. However, some argue that changes in
Alpha power may not be exclusively found in pain patients, as it is also
found in attention deficit hyperactivity disorder, depression, cognitive
function, and age [24]. It is therefore most likely that the change in Alpha
activity in our study reflects a combination of changes in processing
internal body signals, emotional processing and spatial awareness after
the first adjustment session, resulting in better QOL, and sleep.

4.1.2. Resting state EEG PRE vs POST-4-weeks of chiropractic care



4.1.2.1. Alpha power increased functional connectivity between the right
Parahippocampal cortex (R ParaH) cortex and the right Precuneus (R
Precun).

The ParaH cortex is vital for memory formation and retrieval [8-15]
and is also essential for spatial navigation, object recognition and scene
perception [9]. The Precun is highly involved in self-awareness, self-
referential processing and self-reflection [25,26] and is also essential for
visuospatial integration [27]. In particular, the anterior Precun is known
as a key hub for where the brain processes and becomes aware of its
bodily self, i.e., the body schema [28,29]. So much so that some argue that
the anterior Precun can be viewed as a “convergence zone” for the core
body schema that is continuously (and subconsciously) updated as the
organism moves within the environment [28,29]. Thus, it would appear
that this increased functional connectivity between the ParaH and Precun
in the current study participants resting EEG reflects their brains
updating their body schema and/or external world schema. This makes
logical sense as the adjustments would be ‘bombarding’ the brain with
paraspinal proprioceptive signals that would influence the body schema,
and the body schema would influence the external world schema in turn.
As these functional connectivity changes were between the baseline
recording and post four weeks of chiropractic care it is also possible that
this change reflects a difference in how they are reflecting on themselves
and their everyday experiences over time. This reflection after four weeks
of care appears now to be more positive, since they also reported
experiencing less pain, less fatigue, less anxiety and less depression and
improved sleep after the four weeks of chiropractic care.

4.1.2.2. Alpha power increased in functional connectivity between right
lateral Orbitofrontal (R LOF) and left Isthmus Cingulate cortex (L ICC)

The Orbitofrontal cortex participates in the executive control of
information processing and behavioral expression by inhibiting neural
activity associated with irrelevant, unwanted, or uncomfortable (e.g.
painful) information, sensations, or actions [16,30-32]. The LOF is
important for assessing the emotional significance of stimuli which
impacts our decision making based on the emotional value of those
stimuli [16,32]. The LOF is also known to facilitate selective attention by
controlling (inhibiting the processing of) the interference of irrelevant
emotional information in the environment [31]. Similarly, the LOF along
with the ventrolateral PFC, are also known to regulate and inhibit
emotions and their expression in a top down manner [16,31-35]. The ICC
is implicated in self-referential processing and introspection [36,37].
Therefore, this change in functional connectivity likely reflects that 4
weeks of chiropractic care resulted in changes in the way participant’s
brains assessed the emotional significance of sensory stimuli. The
participants may now no longer connect proprioceptive information
coming from the spine with painful or unpleasant feelings. Furthermore,
these participants appear to have altered their own emotional evaluation
of internal thoughts about their emotional states and their emotional
control since they reported improvements in fatigue, anxiety and
depression symptoms over the four weeks of care.

4.1.2.3. Alpha power increased in functional connectivity between the
left rostral Anterior Cingulate Cortex (L RACC) cortex and right medial
Orbitofrontal (R MOF) and Alpha power increase in functional



connectivity between the left rostral Anterior Cingulate Cortex (L
RACC) and left medial Orbitofrontal (L MOF)

As discussed earlier, the MOF cortex plays a key role in one’s own
understanding of our mental states, beliefs, intentions and desires [4-7]
and has reduced functional connectivity in those who suffer from
depression [16]. The ACC, which is part of the DMN is also a key hub of
the Salience network [38,39] and has two subdivision (rostral and caudal
parts). The RACC has strong limbic connections, orbitofrontal
connections, anterior insula connections (relevant for interoception),
periaqueductal gray (PAG) connections (relevant for descending pain
control), nucleus accumbens connections (relevant for reward regulation)
and hypothalamus connections (relevant for ANS regulation) [40]. The
RACC is particularly involved in recognizing and understanding one’s
own emotions [41] and also plays a key role in the descending pain
inhibitory pathway [42-44]. The Salience network and DMN are also
known to have abnormal functional connectivity in people with chronic
pain, depression and anxiety [45]. Thus, considering the improvements
in anxiety and depression along with a reduction in pain this increase in
Alpha power functional connectivity between the RACC and both right
and left MOF cortex probably reflects improved functional connectivity
between the participants salience network and their DMNs. This
increased functional connectivity likely reflects the more positive way in
which these participants are constructing a sense of self and how they are
understanding their own mental states that, after four weeks of
chiropractic care, includes significantly less depressive, anxious and pain
symptoms. The reduction in pain symptoms over the four weeks may be
due to an increase in descending pain inhibition, following the increased
activity in the RACC. As the current studies analysis only explored
functional connectivity within the DMN, this finding highlights the need
to re-evaluate this studies data to also explore changes in within the
Salience Network.

4.2. SEPs source localisation
4.2.1. SEPs PRE vs POST first session of chiropractic care

4.2.1.1. Beta power decreased in functional connectivity between right
medial Orbitofrontal (R MOF) cortex and left Precuneus (L Precun)

The Precun is highly involved in self-awareness, self-referential
processing and self-reflection, including learning and consolidating
everyday experiences [25,26]. As mentioned earlier, it is also interesting
to note that the anterior Precun is where the brain processes and becomes
aware of its bodily self, thus it is essential for the construction of the
brain’s body schema [28,29]. The MOF cortex plays a key role in
processing information about one’s own mental states, beliefs, intentions
and desires, introspection, and in constructing a sense of self [4-7]. Thus,
this change in functional connectivity between MOF cortex and Precun
may reflect the changes in body schema from the spinal adjustments, also
altering the participants mental states, introspection and their
constructed sense of self.

4.2.1.2. Beta power decreased in functional connectivity between left
lateral Orbitofrontal (L LOF) cortex and left Posterior Cingulate cortex
(L PCC)



The LOF is important for assessing and responding to the emotional
significance of stimuli [16,32] and is also known to facilitate selective
attention by inhibiting the processing of irrelevant emotional information
in the environment [31]. Similarly, the LOF along with the ventrolateral
PFC, are known to regulate and inhibit emotions and their expression
[16,31-35]. It has also been shown that people suffering with depression
have an increased functional connectivity between the Orbitofrontal
cortex, the Precuneus and/or the PCC [16,46-48], which is thought to
reflect excessive negative ruminations about oneself that occurs in
depression [16,46-48]. The current study revealed that over the four-week
intervention period, the participants in the chiropractic group reported
decreased depression symptoms. It is possible that this observed
decreased functional connectivity in beta activity between the LOF and
PCC straight after the first session of chiropractic care may have altered
the way the subjects regulated and inhibited emotions in a top-down
manner that over the four weeks resulted in less feelings of depression.

4.2.1.3. Alpha power increased in functional connectivity between the
right Isthmus Cingulate cortex (R ICC) and left medial Orbitofrontal (L
MOF) cortex

Both the ICC [36,37] and MOF [4-7] are implicated in self-referential
processing and introspection. This may therefore suggest that this
observed increase in functional connectivity might reflect heightened
self-awareness and introspection, i.e.,, awareness and thinking of one's
internal state straight after the first adjustment session.

4.2.1.4. Alpha power increased in functional connectivity between the
left Parahippocampal (L ParaH) cortex and left rostral Anterior
Cingulate cortex (L RACC)

As mentioned earlier, the ParaH cortex is vital for memory formation
and retrieval [8-12] including the emotional modulation of memories
[9,13-15]. It is also essential for spatial navigation, object recognition and
scene perception [8-12], and for the construction of mental scenes while
recalling autobiographical experiences and imagining future events [8-
12]. As also mentioned earlier, the ACC included in the DMN is also a key
hub of the Salience network [38,39]. Thus, the increased Alpha power
functional connectivity observed following adjustments could reflect
changes in interpretation of the internal environment (interoception), as
well as the external world (exteroception), thus enabling the participants
brain’s to more accurately perceive what is occurring in their bodies and
in the scene around them (e.g., object recognition). Support for this notion
is that previous research has shown chiropractic adjustments improve the
accuracy and speed of visual and auditory information processing [20],
as well as improvements in proprioception following adjustments
[17,18,20], as well as faster and more accurate mental rotation [49]. It is
likely that the adjustment is a highly salient signal to the brain, which as
mentioned earlier, warrants a reassessment of the EEG and SEPs data to
also explore for possible alterations in Salience Network activity. For
example, it is possible the change in Alpha power functional connectivity
between the ParaH cortex and RACC reflects the activation of the
descending pain control network, as these participants also reported
decreased pain at post-4-weeks intervention. Both the RACC and the
ParaH area are known to be involved in the descending pain inhibitory
pathway [42-44]. This is particularly interesting, because it is well known



that the descending modulatory pain pathway is malfunctional in chronic
pain patients [42,50-53]. In addition, the malfunction of the descending
modulatory pain pathway has been implicated in the ‘chronification” of
acute to chronic pain [54]. Our study provides some support for the
notion that part of the mechanisms of chiropractic care is that it might
improve the descending modulatory pain pathway in chronic low back
pain patients, and this may be why it has been found to be clinically
effective for both acute and chronic low back pain problems and is a
recommended option in relevant clinical guidelines [55-65].

4.2.2. SEPs PRE vs POST-4-weeks of chiropractic care

4.2.2.1. Alpha power decreased functional connectivity between right
Parahippocampal (R Para H) cortex and left lateral Orbitofrontal (L
LOF) cortex and Beta power decreased functional connectivity between
right lateral Orbitofrontal (R LOF) cortex and left Parahippocampal (L
ParaH) cortex

As noted earlier, the Orbitofrontal cortex participates in the
executive control of information processing and behavioral expression by
inhibiting neural activity associated with irrelevant, unwanted, or
uncomfortable (e.g. painful) information, sensations, or actions [16,30-
32]. Not only does the LOF cortex impact decision making based on the
assessment of the emotional significance of stimuli [16,32], but it also
impacts selective attention by inhibiting the processing of irrelevant
emotional information in the environment [31]. Thus the LOF cortex has
a strong influence over our emotions and their expression in a top down
manner [16,31-35]. The ParaH cortex is, as previously discussed, vital for
memory formation and retrieval [8-12], emotional modulation of
memories [9,13-15], spatial navigation, object recognition, scene
perception [8-12]. Thus, the decrease in both Alpha and Beta power
functional connectivity between the LOF and L ParaH area likely reflects
changes to self-referential processing and emotional evaluation of
internal and external stimuli, and regulation of emotions and memories
over the 4 weeks of chiropractic care. The HVLA adjustments of vertebral
subluxations over the four weeks has likely altered the sensory stimuli
coming from the spine, and this appears to have changed the way the LOF
cortex and ParaH cortex are assessing the emotional significance of that
altered spinal sensory input, thus altering the way executive control
functions operate, i.e., now, after the adjustments there are less
uncomfortable and painful sensations associated with their spinal
sensory information. Their internal narrative sense of self also appears to
have been altered over the four weeks of care, with changes in the
emotional processing associated with internal and external stimuli which
is influencing how they perceive themselves and the world around them,
reflected by the reported decrease in fatigue, depression, anxiety and
pain.

4.2.2.2. Alpha power increased functional connectivity between the left
Isthmus Cingulate cortex (L ICC) and the right Posterior Cingulate
cortex (R PCC) and Alpha power decreased functional connectivity
between the left Posterior Cingulate cortex (L PCC) and right Posterior
Cingulate cortex (R PCC).

The PCC is important for many cognitive functions [2,3], including
navigation and spatial memory [2,3], and emotional regulation and



awareness [4-7]. The PCC s particularly active during internally focused,
self-referential processing, and is less active during externally focused
processing [66], and is known to be implicated in depression [67,68]. The
ICC, is the tail end of the PCC and is also implicated in introspection and
self-referential processing, including the construction of the narrative
sense of self and autobiographical memory formation and retrieval
[36,37]. Research has shown that depressed individuals have an
asymmetry in the thickness of their PCC, with greater cortical thickness
in the left compared to right hemisphere [67,68]. In particular, depressed
individuals with higher somatic symptoms such as sleep disturbance,
appetite disturbance, fatigue or loss of energy have greater asymmetry in
the thickness of their PCC [67]. In light of the decrease in depression
symptoms in the current study, along with positive changes in sleep and
fatigue, it is possible that the changes in functional connectivity in Alpha
power between the L PCC (including ICC) and R PCC reflects the
participants altered construction of their narrative sense of self (self-
referential processing) in a manner that has resulted in less symptoms of
depression that has led to improved energy (i.e. less fatigue) and sleep.

4.2.2.3. Beta power decreased functional connectivity between the right
rostral Anterior Cingulate cortex (R RACC) and left Precuneus (L
Precun)

The rostral division of the ACC is highly involved in interoception
and recognizing and understanding one’s own emotions [41]. It is also
essential for assessing the salience of emotional and motivational
information and regulating our emotional responses [69,70]. The RACC
also influences the descending pain control system through its strong
connections to the PAG [40]. The Precun is a key hub of the DMN and is
highly involved in self-awareness, self-referential processing and self-
reflection, including learning and consolidating everyday experiences
[25,26]. Abnormal connectivity has been found between the salience
network and DMNs in major depression disorder [45]. Knowing this, it
seems likely that the decrease in functional connectivity between R RACC
and L Precun could be a reflection of deceased connectivity between the
Salience Network and the DMN, resulting in decreased pain as well as
less depression and anxiety symptoms after 4 weeks of chiropractic care.
It is therefore imperative to re-analyse the data from this study to also
explore changes in Salience Network activity.
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