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ABSTRACT 
 
Objective – Anecdotal preliminary evidence suggests that 
chiropractic care may be of benefits for individuals suffering 
from ADHD. This case series presents the improvement in 
attention experienced by 9 adult patients undergoing Network 
Spinal Analysis. 
 
Methods – Nine adult patients are presented (4 male, 5 female) 
with a mean age of 40.4 years (range 22 – 58 years old). All 
patients were evaluated with the Test of Variable of Attention 
(TOVA) before receiving Network Spinal Analyis (NSA) care 
and at 2 months into care. The nine patients received level 1 
NSA care for two months, as taught by the Association for 
Network Care. Neurospinal integrity was evaluated with 
palpation, as well as surface electromyography. Cognitive 
process of attention was objectively evaluated using a 
continuous performance test, the Test of Variables of Attention 
(TOVA).  
 
Results:  We evaluated our patient cohort before and after 
Network care using sEMG and variables from the continuous 
performance test (TOVA). Before care, all patients had an 
abnormal ADHD score with a mean of  -3.74 (range: - 8.54 to -
1.89). After 2 months of care, all patients had a significant 

change in ADHD score (p=0.08) and 88% completely 
normalized the ADHD score. 77% and 66% of patients 
experienced significant change in reaction time and variability 
score, respectively.  All patients experienced a significant 
reduction in sEMG pattern of activation (p=0.08).  We discuss 
possible mechanisms by which spinal care may have enhanced 
the function of the prefrontal cortex, thereby resulting in 
improved attentional capacities 
 
Conclusion – In this case series the nine adult patients 
experienced significant improvement in attention, as measured 
by objective outcomes, after receiving two months of Network 
Spinal Analysis. The progress documented in this report 
suggests that NSA care may positively affect the brain by 
creating plastic changes in the prefrontal cortex and other 
cortical and subcortical areas serving as neural substrate for the 
cognitive process of attention. These findings may be of 
importance for individuals suffering from attention deficit. 
Further research into this area is greatly needed. 
 
Key words:   chiropractic, attention, Network Spinal Analysis, 
thalamocortical oscillations, subluxation 
 

____________________________________________________________________________________________________________ 
 
Introduction 
 
Attention is the cognitive process of selectively concentrating 
on one thing, while ignoring other things.1 In 1890, American 
psychologist and philosopher William James wrote:  
 
“Everyone knows what attention is. It is the taking possession 
by the mind, in clear and vivid form, of one out of what seem 
several simultaneous possible objects or train of thoughts. 
Focalisation, concentration, of consciousness are its 
essence.”2  
 
Despite this seemingly simple description, more than a century 
of research and the fact that attention is one of the most  

 
 
 
studied domains in psychology and neuroscience, a clear 
understanding and a uniformly accepted definition of the word 
are yet to emerge.3 Attention has been defined in many ways 
and various subcategories have been created to further precise 
the concept 4 (see table 1). Gerschwind defined attention as the 
ability to maintain a coherent line of thought or action 5. 
 
Despite those considerations, the nature of attention remains 
elusive. This is not surprising since attention is not a unitary 
faculty. Rather, it is a diversified faculty of the human 
cognitive system that is subserved by multiple interrelated 
attentional networks in the brain and manifests itself in a  
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variety of types and at different levels in almost every aspects 
of human behaviour, from perception and motor control to 
working memory, skill acquisition, response selection and 
consciousness.6 Some authors even hypothesize that attention 
plays an important role in consciousness 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If the theoretical underpinnings of attention are vast, 
clinically, attention has relevance to various domains since it 
is implicated in various disorders. The most common one is 
attention deficit / hyperactivity disorders (ADHD). 
Epidemiological studies suggest that between 3-10% of 
children and 1-6% of adult population in the United States 
suffers from ADHD 8. The worldwide prevalence of ADHD is 
between 3% and 9% 9. 
 
Deficit in attention is not only related to poor concentration. It 
can have devastating consequences on the daily functioning of 
individuals it affects. Individuals suffering from ADHD have 
been found to suffer from significant risk related to daily 
living (see table 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The neuroanatomy and neurophysiology of attention, as it 
relates to prefrontal cortex is reviewed in the discussion 
portion of this article. 
 
Disorder of attention can also be found in traumatic brain  
 
 

 
 
 
injuries, which affect 2 million individual every year in the 
United States 4. Attention problem has also been linked to 
neurodegenerative disorders, such as dementia 52, Alzheimer’s 
disease53 and Parkinson’s disease 52. The neuroanatomy and 
neurophysiology of attention, as it relates to prefrontal cortex 
is reviewed in the discussion portion of this article. 
 
Limited evidence exist that chiropractic care may benefit 
individual suffering from ADHD. In a single subject research 
design, Giesen suggested that chiropractic care was associated 
with behavioural and motor hyperactivity improvement in five 
of seven children 11. Bastecki reported the remission of ADHD 
symptoms of a five-year-old child receiving chiropractic 
care.12  So far however, no studies have linked chiropractic 
care to changes in objectively measured attentional 
capabilities in adults.  This case series represent the first study 
of the changes experienced by adult patient receiving NSA 
utilizing objective measure of attention. 
 
Methods 
 
Technique - Network Spinal Analysis 
 
Network Spinal Analysis (NSA) is an evidenced based 
approach to wellness and body awareness, developed by 
Donald M. Epstein, DC 13. 
 
NSA evolved from subluxation-based, vitalistic chiropractic 
into a system of specific low force spinal applications 
designed to enhance the cognitive and precognitive awareness 
of an individual’s spinal structure, body tension patterns, and 
the development of unique Somatopsychic and Respiratory 
waves of skeletal motor activity purported to assist in 
improved self-organization of the nervous system 14.  
 
NSA care is delivered through a series of three levels of care. 
Each level has specific outcome and low force contact 
applications (see table 3). Low force contacts are taken at 
areas related to or adjacent of spinal-dural attachment. Those 
areas are known in NSA as Spinal Gateways. The application 
of force is guided by a clinical priority system called the 
Phasing System (see table 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 : Subcategories of attention (from Palmese 4) 
 

1. Focused attention – the ability to focus one’s 
consciousness on an object 

2. Sustained attention – the ability to maintain the 
focus on the object 

3. Selective attention – the ability to sustain 
attention in the presence of  distracters. 

4. Alternating attention – the ability to change 
mental set 

5. Divided attention – the ability to simultaneously 
process two pieces of information at once. 

Table 2 : Increased behavioral risks in patients suffering 
from ADHD (adapted from Barkley 10) 
 

• Having at least four or more serious accidents – three 
times the risk 

• Having traumas requiring sutures or hospitalisations – 
twice the risk 

• ADHD young adults have four time as many car 
accidents as controls 

• Having two or more car crashes – seven times the risk 
• Being at fault in accidents – four times the risk 
• Receive four times more citations (esp. speeding and 

failing to obey stop signals) 
• Increased risk of cigarette, alcohol or marijuana use – 

2-3 times the risk 
• Greater difficulty managing money and credit 
• Failing a grade, being suspended or expelled from 

school – three times the risk 
• Greater risk of not finishing school 
•  Greater risk of unprotected sex, teen pregnancy and 

acquiring sexually transmitted disease 
• Greater risk of changing job or likelihood of being fired 
• Increased likelihood of divorce 

Table 3 : Levels of Care in NSA and related 
anticipated outcomes 
 
Level 1 – entrainment of respiratory motion with spinal 
motion (respiratory wave), release of tension from 
spinal stability subsystems, reduction of parameters of 
spinal cord tension. 
 
Level 2 – resolution of dominant spinal defense 
patterns, development and refinement of the 
Somatopsychic wave (entrainment of two vertebral 
oscillators) 
 
Advanced care – absence of defense posture, 
development of the third (thoracic oscillator). 
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Based on research done with post-traumatic stress disorder 
(PTST) patients demonstrating decreased blood flow and 
activation of prefrontal cortex (especially on the right 
hemisphere) and activation of limbic structures (see for 
example Shin 15), Network Spinal Analysis hypothesizes that 
repeated life stressful events in the face of inappropriate 
coping strategies result in progressive dys-activation of 
prefrontal cortical areas and activation of limbic system. Dys-
activation of the prefrontal cortex is hypothesized to impair 
the brain’s ability to pay attention to the body’s internal 
processes, resulting in reduced body awareness and decreased 
ability to access internal healing resources 
 
Since previous research has demonstrated that prefrontal 
cortical areas (especially in the right hemisphere) are part of a 
neural network subserving the cognitive process of attention 
(see neuroanatomy of attention in the discussion), we were 
interested in knowing whether NSA care could influence 
attentional capabilities in adults. 
 
Clinical Features 
 
During a three months period (March – May 2006), all new 
patients presenting to our wellness centre reporting a 
complaint of attention problems (either as a chief complaint or 
as an additional complaint) on our health intake questionnaire 
were given the possibility to enter our study.  Out of a panel of 
57 new patients, 10 patients reported suffering from 
attentional difficulties (17.54%). Three patients had attention 
deficit as a chief complaint, seven as additional complaints. 
One patient declined to participate in the study because she 
would not be able to comply with the 2 months of care due to 
moving away. Therefore, nine patients (4 male, 5 females) 
with a mean age of 40.4 years (range 22-58) participated in 
our study. Patient characteristics are presented in table 5. 
 
All patients were also evaluated for neurospinal integrity using 
Epstein’s model of neurospinal subsystems. Palpation was 
used to assess tone and compliance of the active and passive 
subsystem. Paraspinal surface electromyography and 
thermography was used to assess neural control system. 
 
Since this type of palpation has never been tested for validity 
of reliability, in this study, we used surface electromyography 
(Insight Subluxation Station – Millenium, Chiropractic 
Leadership Alliance) as our main outcome for neurospinal 
integrity. Static paraspinal surface electromyography using 
Insight Subluxation Station has recently been shown to have 
excellent intra- and inter-examiner reliability. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All patients also underwent chiropractic functional 
neurological evaluation of the neuraxis, as taught by the 
Carrick Institute for Graduate Studies. Examination included 
sensory, motor, balance and oculomotor function assessment. 
 
All patients were evaluated using the visual portion of the Test 
of Variable of Attention (TOVA).  The TOVA is 22.5 minutes 
objective, standardized, visual continuous performance test of 
attention. It is a non-language based computerized test 
requiring no right-left discrimination and has negligible 
practice effect. The TOVA has been shown to have good 
sensitivity and specificity in discriminating ADHD from 
normal control individuals 16. 
 
During the test, one of two easily discriminated visual stimuli 
is presented for 100 msec every 2 seconds. The designated 
target is presented randomly on 22.5% of the trials during the 
first half of the test and randomly on 77.5% of the trials during 
the second half. These two test conditions examine attentional 
variables under the usual stimulus infrequent mode (first half 
of the test) and impulsivity in the more provocative stimulus 
frequent conditions (second half of the test). Subject press a 
microswitch as quick as they can when the designated target 
appear but ignore the non-target. A 2.5 minutes practice 
session is administered to insure the subject understand the 
instructions. Measures of performance on the TOVA include: 
 

1. Errors of Omission, failure to respond to the 
designated target, are interpreted as a measure of 
inattention. 

2. Errors of Commission, inappropriate response to the 
non-target stimulus, are interpreted as a measure of 
impulsivity or failure of inhibition. 

3. Mean Correct Response Time, the average latency of 
correct response, is interpreted as a measure of 
processing and response time. 

4. Standard Deviation Reaction Time, computed as the 
square root of the average squared deviations from 
the mean, is a measure of variability or consistency. 

5. ADHD score, represent an average score test result. 
 
Results on TOVA subcategories are presented as T Score. A 
score of over 85 is considered normal. The TOVA also  
 
 

Table 4 : NSA’s Phasing system 
 
Phase 1 - Sacrum or occiput 
Phase 2 - C1 or C5 
Phase 3 - sacral apex or ilium 
Phase 4 - C2 or C3 
Phase 5 - Scaral apex/C2 or Coccyx/C5 

Table 5 : Patient characteristics 
 
Subject Age Gender Presenting complaint 

  
1 29 M Spinal pain 
2 47 F Digestive/Gastrointestinal 
3 47 F Migraine headaches 
4 34 F Concentration/memory problems 
5 58 M Concentration difficulties 
6 27 M Medically diagnosed ADHD 
7 49 F Fibromyalgia 
8 50 F Whiplash / Traumatic Brain injury 
9 22 M Fatigue / anxiety 
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compute an average score test result, called ADHD Score. An 
ADHD score of –1.80 or more positive is considered normal. 

Intervention 

As participants in the study, all patients agreed to refrain from 
seeking other types of care, unless medically necessary, during 
the duration of the study. They also agreed not to make any 
changes to their lifestyle routine (exercise, nutrition, …) 
during the study. 
 
All patients were seen twice a week for two months, and cared 
for with Network Spinal Analysis level 1. At each visit the 
patient was entrained as deemed necessary by the chiropractor 
using NSA Phasing system. All patients claimed they 
respected those guidelines. During the study, one patient 
seeked emergency medical care for a wrist sprain due to a fall. 
She was given a wrist splint and took anti-inflammatory 
medications for three days. 
 
A first re-evaluation was done at one month (8 visits) to 
evaluate neurospinal progress to care. No reassessment of 
attention was performed at this first re-evaluation. After 2 
months of care (16 visits), all patient were again re-evaluated. 
A TOVA was repeated at the second re-evaluation to assess 
for possible changes in attentional capabilities. For each 
patient, the pre- and post- TOVA were done at the same time 
of the day (in the morning) 
 
During the first two months of care, all patients experienced 
full development of the respiratory wave. This phenomenon, 
unique to NSA care, is observed as a deep, ample breath 
starting from the pelvis and travelling to the occipital areas.  It 
is considered to be the expression of the breath entraining to 
spinal motion, and is associated with a reduction in spinal 
tension parameters and improved quality of life 17.  
 
Results 
 
Static paraspinal surface electromyography (sEMG) 
 
Average sEMG for the nine patients before care was 599. 
Average sEMG score for the nine patients was 224 after care. 
All patients experienced reduction in the sEMG pattern of 
activation. Statistical analysis of individual change using non-
parametric test (Mann-Whitney test) demonstrated that this 
change was significant (p=0.08). Before and After sEMG 
Changes are shown in Table 6. 
 
Table 6 
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Test of Variable of Attention 
 
As outcome measures of attention, we used five elements from 
the Test of Variables of Attention: ADHD score; omission 
errors; commission errors; reaction time; and variability. 

ADHD Score / Overall TOVA 

Using the ADHD score, which represents an overall measure 
of performance on the TOVA, all patients demonstrated 
significant impairment in attention on the visual portion of the 
TOVA. Average ADHD score for the nine patients before care 
was – 3.74 (range – 8.54 to – 1.89), well below normal 
(normal = -1.80 or more positive). All patients had at least two 
significant changes out of the five possible. The average 
number of change was 3.33 out of five (range 2 – 4). The 
ADHD score represented the most changes since 9 out of nine 
patients (100%) had a significant change. It was followed by 
reaction time (7 out of nine patients; 77%) and variability (6 
out of nine patients; 66%). 
 
All patients experienced significant change in ADHD score. 
All patients tested but one (patient 4) normalized their ADHD 
score after two months of care. After two month of 
chiropractic care, the average ADHD Score was +0.213. It is 
of interest that the patient who did not normalize her ADHD 
score (patient) was then referred to her medical doctor  for 
complementary lab work and was subsequently diagnosed as 
suffering from severe hypothyroid disease. 
 
According to TOVA interpretation, a change in ADHD Score 
is considered clinically significant if it reaches 0.5. The 
average change from – 3.74 to + 0.213 therefore represents a 
strong clinically significant change. Statistical analysis 
revealed the change to be significant (p=0.008). Individual pre 
and post result in ADHD Score are shown in table 7. 

Errors of omission 

Four patients had abnormal omission score before care. Four 
out of nine patients (44%)  had a significant improvement in 
omission; but only one of the patients with abnormal omission 
experienced improvement. Statistical analysis demonstrated 
that change was not significant (p=0.173) 

Errors of commission 

Three patients had abnormal commission score before care. 
Four out of nine patients (44%) had a significant improvement 
in commission score; the three patients with an abnormal score 
normalized after two month of care. Statistical analysis 
demonstrated that the change was not significant. (p=0.86) 

Reaction time 

Two patients had abnormal reaction time before care. Seven 
out of nine patients (77%) had a significant improvement in 
reaction time; the two patients with abnormal reaction time 
normalized. Statistical analysis demonstrated that the change 
was significant (p=0.008) 
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Variability 

Five patients had abnormal variability before care. Six patients 
out of nine (66%) had a significant improvement in variability; 
out of the five patients with abnormal variability, three 
normalized, one was significantly improved and the last one 
demonstrated no significant change. Statistical analysis 
demonstrated that the change was significant (p=0.035). 
Individual pre and post result in omission, commission, 
reaction time and variability are shown in table 8. 
 
Table 7 Individual Pre and Post ADHD Scores 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We were interested in knowing whether there were any 
correlation between the Pre sEMG score and the five variables 
on the Pre TOVA, as well as post sEMG score and the five 
variables of the Post TOVA. Statistical analysis of correlation 
was realized using Spearman’s rho. No significant correlations 
were found between the various variables. We did not perform 
this analysis using other variables of neurospinal integrity 
(such as palpation of the active and passive subsystem) or 
neurological deficits from the neurological functional 
evaluation. 
 
Discussion 
 
Neuroanatomy of Attention 
 
Recent advances in the neurosciences have suggested that 
there exist multiple attentional networks in the brain, each of 
which subserves a different type of attention 18. Therefore, 
attention is neither the property of a single brain area nor is it a 
collective function of the brain working as a whole 7. 
 
One of the most accepted and supported models of attention is 
the one proposed by Posner and Petersen 19. In that model, it is 
proposed that the sources of attention form a specific system 
of anatomical areas which can be subdivided into three 
networks that carry out the function of alerting, orienting and 
executive control 6. 

 

 

Alerting involves a change in the internal state to become 
ready. It is an important source of attention in the sense that 
maintaining an adequate level of alertness is critical for 
optimal performance. 
 
Orienting involves selectively focusing on one or a few items 
out of many candidate inputs. 
 
Executive control of attention is related to monitoring and 
resolving conflicts in the presence of competing information.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is often required in higher cognitive operations including 
planning and decision-making. Neuroimaging and 
neuropathological studies have suggested that those three 
functions are carried out by specific brain regions. Those are 
shown in table 9. 
 
In addition to those brain regions, recent evidence 
accumulated from the neuroimaging study of ADHD and other 
neuropsychiatric suggest that the cerebellum, most especially 
the vermal region of the cerebellum is involved in the neural 
circuitry of attention. In one study, Gottwald and colleagues 
demonstrated that patients with focal cerebellar lesions had 
clear impairment in attention and working memory, especially 
divided attention, ie in the executive control of attention 22. 
Townsend and colleagues suggested that the cerebellum plays 
a role in attentional network, serving as an antecedent 
structure providing relatively unspecific effects on different 
components. In that view, the frontal cortex could only 
perform its attentional tasks in an optimal way if inputs from 
the cerebellum are unimpaired. Therefore, the cerebellum 
provides a mechanism predicting internal conditions necessary 
for a particular motor or mental operation, and then setting the 
corresponding conditions.23 In their paper, Townsend and 
colleagues write:  
 
“The cerebellum prepares internal conditions […] by 
repositioning sensory receptors; by altering cerebral blood 
flow levels; by enhancing neural signal to noise; by enhancing 
neural responsiveness in hippocampus, thalamus and superior 
colliculus; by modulating motor control systems.” 23  
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The role of the cerebellum is discussed further below under 
possible mechanisms of action of chiropractic care. 

Possible Mechanisms of Action: Stress Hormones 

Stress has been implicated clinically in the pathogenesis of 
mental illness. The medial prefrontal cortex has an important 
role in mediating responses to stressful situations. It does so 
by modulating the hypothalamic-pituitary-adrenal (HPA) axis 
24. Animal studies have demonstrated that stress impacts the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
brain by altering the morphology of prefrontal cortical 
dendrites 25. One study demonstrated that those morphological 
changes predicted impaired attentional set-shift 26. Research 
has also shown that those changes are potentially reversible. 
 
One interesting finding by Sullivan and Gratton is that 
unilateral lesions of the right medial prefrontal cortex 
abolished the stress-induced secretion of glucocorticoids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Animals with those lesions failed to interpret sensory inputs 
related to stress and failed to integrate this with 
neuroendocrine responses 27. This sounds very similar to a 
reduction in bodily sensations awareness. Network Spinal 
Analyis has for a long time hypothesized that patients under 
stress tended to suffer from reduced body awareness (also 
called alexysomia). One objective of NSA care is to increase 
body awareness of the patient. We may hypothesize that the 
reduced attentional ability seen in our patient is not only 
directed toward the external environment, but also toward the  
 
 

 
 
 
internal environment. By improving attention, NSA care may 
well also improve the patient’s ability to pay attention to his or 
her internal milieu. 
 
In one study of healthy aging adults, it was demonstrated that 
relaxation response training improved attention on a simple 
attention task 28. The relaxation response is a mind-body 
intervention that counteracts the harmful effects of stress. One 
pilot study of NSA care suggested a decrease in electrodermal 
activity, a measure of sympathetic activation. It was suggested 
that NSA care had a “sympathetic quieting effect” 29.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This study, with many anecdotal reports from patients 
experiencing NSA care, may suggest that NSA triggers 
physiological changes similar to the relaxation response. One 
mechanism for improved attention may therefore be that NSA 
care triggers a relaxation response within patients, allowing 
for attenuation of negative effects of stress and potential 
reversal of dendritic spine losses in prefrontal cortical areas, 
with concomitant improvement in attention. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Possible Mechanisms of Action: Activation of Spino-
Cerebellar Pathways 
 
A growing number of studies suggest that attention deficit/ 
hyperactivity disorder (ADHD) is a disorder involving deficit 
in central executive functions 30. The relationship between the 
cerebellum, the basal ganglia and the prefrontal regions with 
regards to higher cognitive functions has also been recently 
studied 31. Growing evidence suggests that AHDH 32 and other 
neuropsychiatric disorders such as schizophrenia 33 involve a  
 
 

Table 9 : Neuroanatomy of attention  (compiled from Wang 6, Fan 20 and Perry 21) 
 

Function Attention subcategory  Possible neural substrates 

Alerting   sustained attention  Frontal and parietal regions, especially  
of the right hemisphere 

 
Orienting selective attention   Superior and inferion parietal lobe,  

frontal eye field, superior colliculus, and thalamus (pulvinar and reticular 
nuclei) 

Executive control                 divided attention  Midline frontal areas (anterior cingulated gyrus) and dosrsolateral              
      prefrontal cortex 
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dysfunction of a cerebello-thalamo-prefrontal neural loop. 
Studies have suggested that the cerebellum is not only affected 
in its function, but also in its size. For example, Berquin, using 
a morphometric MRI study, demonstrated that right-handed 
ADHD boys had a 8.5% reduction in volume of the vermis, 
the central aspect of the cerebellum 32. Connections between 
the cerebellum with prefrontal associative areas has lead some 
researchers to suggests that the vermis may act as a 
“coprocessor” which enhance speed and efficiency in attention 
and executive functions 34. In fact, at least one fMRI study has 
demonstrated increased blood flow in the vermis during a 
shift-attention task 35. Moreover, it has been shown that 
patients with cerebellar lesions have shifting attention deficits 
36. 
 
It is notable to realize that the vermal region of the cerebellum 
is part of what is called the spinocerebellum. This structure 
receives its main afferent information from the head and 
proximal and midline structures of the body, especially the 
spine and postural musculature 37. 
 
The concept of diaschisis may bring some light to the 
relationship between cerebellar dysfunction and prefrontal 
dysfunction. Diaschisis is defined as a functional depression of 
brain function at a structurally intact site remote from, but 
functionally related to, an area of brain lesion.  Diaschisis is a 
well-recognized phenomenon in strokes. For example, crossed 
cerebellar diaschisis (CCD) is a matched depression of blood 
flow and metabolism in the cerebellar hemisphere 
contralateral to a focal, supratentorial lesion and is a well-
recognized phenomenon following cerebral infarction. The 
most likely mechanism underlying CCD is the interruption of 
the corticopontocerebellar connections by the infarct causing 
deafferentation and transneural metabolic depression of the 
contralateral cerebellar hemisphere 38.  
 
We propose that prefrontal dysfunction leading to altered 
attentional capabilities seen in our patients is related to a 
diaschetic mechanism involving the cerebellum, and more 
specifically the vermal region of the cerebellum. However, in 
those cases, the cerebellar dysfunction is not due to a “hard” 
lesion, but is itself a diaschetic consequence of dys-
afferentiation from spinal structures. The latter being most 
likely due to vertebral subluxations or other postural 
imbalances, combined with other causes from improper 
lifestyle. 
 
Based on the previous considerations, it may possible that the 
entrainment of respiration to spinal motion (called the 
Respiratory wave) mobilizes the entire spinal system; thereby 
provide a tremendous amount of activation of joint 
mechanoreceptors and muscle spindle. This then results in 
activation of spinocerebellar tracts to the vermis of the 
cerebellum. Such increase in afferentiation provides increased 
activation of neural pathways, which is known to stabilize 
unstable neurons.  
 
Increased neuronal stability of the vermis may then be 
translated, as hypothethized by Townsend  23 (see above), in 
better function of prefrontal areas. Proprioceptive stimulation 
is known to impact brain function. For example, Muller 
demonstrated that pathologic cognitive processes caused by 
traumatic brain injury could be improved by proprioceptive  
 
 

 
 
 
stimulation 39. Using cortical physiological mapping, Carrick 
demonstrated that chiropractic adjustment increased cortical 
activity on the side contralateral to the adjustment 40. 
 
Possible Mechanisms of Action: Synchronization of 
Thalamocortical Oscillations and Temporal Binding 
 
A specific feature of brain function is the presence of brain 
waves. Those waves oscillate at various frequencies, 
depending on the functional state of the brain. Oscillatory 
activity is an emerging property of the thalamocortical system 
41. 
 
 In the waking state, the brain oscillates at fast rate, called 
gamma oscillations. Interestingly, research has shown that 
gamma activity is associated with attentiveness 42,43 and 
focused arousal 44. It has also been proposed that 
synchronization in the gamma frequency range is related to 
cognitive processing and important for temporal binding of 
sensory stimuli 45. 
 
Thalamocortical neurons (TC) possess a large set of intrinsic 
currents that enable them to contribute to the various 
oscillatory activities and/ or to mediate some of them.  They 
display fast oscillations (around 40Hz, generally between 30-
80Hz) 46. Those fast oscillations are due to their intrinsic 
properties, as well as synaptic inputs. Those inputs arise 
mainly from ascending sensory pathways (medial lemniscus, 
optic tract, brachius of the inferior colliculus and brachum 
conjectivum) and from brainstem modulatory system; as well, 
they are also influenced by corticothalamic integration 41.  
 
Of more interest for the chiropractor is that the oscillatory 
nature of TC neurons is also dependent on prethalamic relay 
stations such as the deep cerebellar nuclei, and that it has been 
shown that lesions of the brachium conjectivum changes the 
oscillatory frequency of TC neurons 46. Of importance is the 
fact that Pinault demonstrated that, although oscillatory 
frequencies persisted after transection of, for example, the 
capsule, they could no more be recorded after lesions of the 
dorsal columns 47, leading the author to conclude that TC 
neurons oscillations represented mainly excitatory potentials 
of prethalamic origin. 
 
Based on similar mechanisms as proposed in the previous 
section, we suggest that proper activation of dorsal column 
circuitry is essential for optimal excitation of TC neurons. 
Afferentiation from pre-thalamic structures, combined with 
the intrinsic nature of TC neurons, serve as the basis for the 
existence of fast (gamma) oscillation. Those gamma 
oscillations are necessary for proper temporal binding of 
sensory information, optimal cognitive processing, focused 
arousal and attentiveness. 
 
On the other hand, improper afferentiation of TC neurons via 
dorsal colums due to vertebral subluxations or other types of 
postural imbalances, may result in altered oscillatory 
frequencies of the TC network. Combined with other 
environmental factors, this can result in altered neuronal 
functions subserving attention and other cognitive processes, 
especially of the right hemisphere. This leads to a potential 
functional dysconnection syndrome 48. 
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The Respiratory wave that patients develop under NSA care 
may serve as a self-generated, rhythmic mechanism that 
stabilize and restore proper TC neurons oscillations, via direct 
activation of dorsal column pathways and indirect activation 
of deep cerebellar nuclei. Improper integration of TC 
oscillatory loops has been termed thalamocortical dysrhythmia 
syndrome and has been suggested as a prominent feature of 
certain neuropsychiatric disorders, including ADHD 49,50. The 
interested reader is directed to the excellent textbook 
“Neurobehavioral disorders of childhood” 51 by Melillo and 
Leisman for a more complete review of those concepts. Other 
alternative explanations cannot be disregarded. 

Limitations of the Study 

The observational nature of this case series precludes us from 
definitive conclusions and from drawing conclusions as to 
cause and effects relationship. Small sample size and lack of 
blinding are notable limitations of this report. Since we had no 
control group, nor randomisation process, we cannot exclude 
that alternative variables may explain our results. However, it 
has been shown that TOVA testing does not result in learning 
effect; in fact, quite the contrary is true. Therefore, we can 
already exclude testing learning effect as a variable in the 
observed improvement. 
 
Conclusion 
 
In this study, about 18% of patients seeking chiropractic care 
had attention deficit as identified by a continuous performance 
test. This number is definitely higher that the expected 
percentage of adults suffering from attention deficit in the 
general population (1-6%). This bias could be explained by 
the fact that our clinic is known to take care of individuals 
suffering from those types of disorders.  
  
Our sample was small and statistical analysis failed to 
demonstrate any correlation between neurospinal integrity, as 
measured by surface electromyography, and improvement in 
the various parameters of attention. Further studies will need 
to include greater sample size and expand the 
conceptualization of neurospinal integrity to other parameters 
such as static palpation, motion palpation and other diagnostic 
instruments (not just sEMG), as well as neurological deficits 
evidenced by functional neurological evaluation  to determine 
if any correlations do exist. 
 
Within the limitations of the study, the clinical progress 
experienced by the patients suggest that two months of care 
with Network Spinal Analysis may positively affect the brain 
of adults by creating plastic changes in the prefrontal cortex 
and other cortical and subcortical areas serving as neural 
substrate for the cognitive process of attention. The 
observations documented in this case series provide 
preliminary evidence that NSA care may improve, and even 
normalize, attentional abilities of some adult individuals. 
These findings may be of importance for individuals suffering 
from attention deficit. Further research into this exciting area 
is greatly needed in the form of well designed clinical trials.  
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