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Functional neuroimaging: a brief overview and 
feasibility for use in chiropractic research
Reidar P Lystad, BChiroSc, MChiroprac, PGCertResPrep*
Henry Pollard, BSc, GradDipChiro, GradDipAppSc, MSportSc, PhD**

There is a need to further our understanding of the 
neurophysiological effects of chiropractic spinal 
manipulation on brain activity as it pertains to both 
musculoskeletal and non-musculoskeletal complaints. 
This paper aims to provide a basic overview of the most 
commonly utilised techniques in the neurosciences for 
functional imaging the brain (positron emission 
tomography, single-photon emission computerised 
tomography, functional magnetic resonance imaging, 
electroencephalography, and magnetoencephalography), 
and discuss their applicability in future chiropractic 
research. Functional neuroimaging modalities are used 
in a wide range of different research and clinical settings, 
and are powerful tools in the investigation of neuronal 
activity in the human brain. There are many potential 
applications for functional neuroimaging in future 
chiropractic research, but there are some feasibility 
issues, mainly pertaining to access and funding. We 
strongly encourage the use of functional neuroimaging in 
future investigations of the effects of chiropractic spinal 
manipulation on brain function.
(JCCA 2009; 53(1):59–72)
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Il faut pousser plus loin notre compréhension des 
conséquences neurophysiologiques de la manipulation 
rachidienne comme traitement chiropratique, notamment 
sur l’activité du cerveau en ce qui a trait aux symptômes 
au niveau musculo-squelettique ou non musculo-
squelettique. La présente étude présente un aperçu 
élémentaire des techniques couramment utilisées en 
science neurologique quant à l’imagerie fonctionnelle du 
cerveau (la tomographie par émission de positons, la 
tomographie par émission de simple photon, l’imagerie 
par résonnance magnétique, l’électroencéphalographie et 
la magnétoencéphalographie) et commenter leur 
applicabilité dans les recherches futures en chiropratique. 
Les modalités de la neuroimagerie fonctionnelle sont 
utilisées dans une vaste gamme de recherches différentes 
et de conditions cliniques et s’avèrent de puissants outils 
dans les recherches sur l’activité neuronale du cerveau 
humain. Il existe plusieurs applications possibles de la 
neuroimagerie fonctionnelle dans les recherches futures 
en chiropratique mais il reste certaines questions de 
faisabilité, notamment celles reliées à l’accès et au 
financement. Nous encourageons avec ferveur le recours à 
la neuroimagerie fonctionnelle dans les recherches sur les 
effets des conséquences neurophysiologiques de la 
manipulation rachidienne sur le fonctionnement du 
cerveau. 
(JACC 2009; 53(1):59–72)
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Introduction
Chiropractic research to date has mostly been concerned
with various aspects of low back pain, neck pain, and
headaches.1 However, a number of chiropractic patients
are receiving chiropractic care and reporting improve-
ments for other non-musculoskeletal complaints.2,3

Indeed, some of the complaints are conditions and disor-
ders that are closely associated with the function of the
brain, including such as autistic spectrum disorder
(ASD), depression and attention deficit hyperactivity dis-
order (ADHD). Although there is anecdotal evidence that
suggest chiropractic spinal manipulation (SM) can be
beneficial for some of these patients, the nature of SM
effects on these conditions and complaints are by and
large poorly investigated.4 Unfortunately, undisciplined
rhetoric from some practitioners promulgating unsup-
ported claims of benefit from SM has occurred based on
these preliminary and limited studies. Such speculation is
unwarranted and casts chiropractic in a poor light with
other disciplines.

Chiropractic SM has been shown to induce a barrage of
mechanoreceptive afferent input, originating mainly from
paraspinal muscle spindle receptors and Golgi tendon
organs.5 Such afferent input has been shown to modulate
local spinal cord neurophysiology affecting both pain
processing and the motor control system. In a study by
Terrett and Vernon6 it was demonstrated that SM caused a
reduction in pain sensitivity. An increase in paraspinal
electromyography (EMG) activity was found in asympto-
matic subjects following cervical, thoracic, lumbar and
sacroiliac SM.7 Murphy, Dawson and Slack8 demonstrat-
ed a decrease in the H-reflex from the tibial nerve follow-
ing sacroiliac SM in asymptomatic subjects. Attenuation
of motorneuron activity following both cervical and lum-
bar spine SM has also been demonstrated.9,10 Further-
more, modulation of local spinal cord neurophysiology
can cause a change to the afferent arm of the somatovis-
ceral reflex, however it is likely that supraspinal influenc-
es play a major role in this effect.11

Limited evidence suggests chiropractic SM can induce
changes in the central nervous system (CNS) above the
level of the spinal cord.12,13 Indeed, a few case studies
have used objective neurophysiological measurement
tools, such as electroencephalography (EEG), to evaluate
changes in CNS neural activity following SM.14–16 In a
recent pseudo-randomised study using EEG technology

(somatosensory evoked potentials[SEP]), Haavik-Taylor
and Murphy17 demonstrated that chiropractic SM can
indeed modulate sensorimotor integration in the CNS.
However, little other objective neurophysiological evi-
dence is available.4

This manuscript aims to: (i) provide a basic overview
of the most commonly utilised techniques used for imag-
ing in neurosciences, namely functional magnetic reso-
nance imaging (fMRI), positron emission tomography
(PET), single-photon emission computerised tomography
(SPECT), electroencephalography (EEG), and mag-
netoencephalography (MEG); (ii) discussing how func-
tional neuroimaging might serve the profession in
investigations of the supraspinal effects of chiropractic
SM; and (iii) discussing the feasibility of utilising func-
tional neuroimaging in future chiropractic research. The
different modalities will be presented in terms of neces-
sary equipment and facilities, the degree of invasiveness,
spatial resolution, and temporal resolution.

The electronic database MEDLINE was searched from
1997 to present for literature concerning functional
neuroimaging techniques. Although many different tech-
nologies are available, some of which with several ap-
plications, this paper is limited to the neuroimaging
techniques mentioned above and their utilisation in in-
vestigating brain activity.

Discussion
In the human brain, elevated neural activity increases the
local neuronal metabolic demand, and regional synaptic
activity correlates with neuronal glucose utilisation and
subsequent changes in cerebral blood perfusion.18 How-
ever, the traditional view that glucose consumption di-
rectly reflects neural activity has recently changed.19

Kasischke et al20 have shown that neurons preferentially
metabolise lactate rather than glucose, and that astro-
cytes, a type of glial cell in the brain, respond to neuronal
activity by consuming more glucose as well as producing
more lactate. Consequently, imaging based on glucose
consumption primarily reflects astrocytic activity rather
than neuronal activity. However, the activation of both
cell types is correlated in the majority of cases.21 Hence,
an indirect measure of the underlying neural activity can
be obtained by measuring the haemodynamic response.

Below is a brief overview of the most common func-
tional neuroimaging modalities. Table 1 summarises the
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characteristics of the various modalities, and Figure 1 is a
graphical representation of the differences in spatial and
temporal resolution and degree of invasiveness across the
various neuroimaging techniques.

Functional brain imaging techniques

Positron emission tomography (PET)
PET typically measure regional cerebral blood flow
(rCBF) or regional cerebral metabolic rate of glucose
(rCMTG), using radioactively labelled molecules (tracer
molecules), which are usually injected intravenously or
continuously inhaled by the patient or research partici-
pant.19,22,23 See Figure 2 for a schematic diagram of a
PET scanner. Positron-emitting radioisotopes of carbon,
nitrogen, oxygen, and fluorine are commonly used in
these tracer molecules, and a variety of data may be ob-
tained with these different tracer molecules.24 A particle
accelerator (cyclotron) is required to produce the radioi-
sotopes used in PET imaging, and it has to be in close
proximity to the PET scanner due to the short radioactive
half-life of the radioisotopes.24 The cyclotron contributes
significantly towards the higher acquisition cost of a PET

system compared to the other modalities. Furthermore,
the comparatively high operating cost of PET can be at-
tributed to the production of expensive tracers.

Temporal resolution refers to how closely the meas-
ured activity corresponds to the timing of the actual neu-
ronal activity.22 The temporal resolution with PET is
poor compared to both fMRI, EEG and MEG, and is lim-
ited by both the technique and the metabolism of the trac-
er molecule.22 Spatial resolution refers to how accurately
the measured activity is localised within the brain.22 The
spatial resolution of PET is good, but it depends on sev-
eral different factors pertaining to the characteristics of
various components of the PET camera, in particular the
size and material of the scintillating crystal used in the
coincidence detectors, and the number of detector rings.25

Figure 3a depicts a modern PET system.
An individual typically absorbs 0.5 to 2 mSv (milli-

Sieverts) of radiation per PET study.23 This is compara-
ble to diagnostic imaging, for example an anterior to
posterior (AP) lumbar spine x-ray or a whole head CT
scan, which have effective doses of typically 0.7 mSV
and 2 mSv, respectively.26 The reader is referred to Win-
termark et al23 for a more thorough discussion of PET.

Table 1 Comparison of functional neuroimaging techniques

PET SPECT fMRI EEG MEG

Measure of neuronal 
activity
– biological process
 measured

indirect
haemodynamic 
response

indirect
haemodynamic 
response

indirect
haemodynamic 
response

direct
neuroelectrical 
potentials

direct
neuromagnetic 
field

Invasiveness
– confined space
– radiation

invasive
yes
yes
(0.5–2.0 mSv)

invasive
yes
yes
(3.5–12.0 mSv)

non-invasive
yes
none

non-invasive
no
none

non-invasive
yes
none

Cost of equipmenta $8,000,000 $350,000 $2,000,000 $100,000 $2,000,000

Operating costsb $1,500 $1,000 $800 $150 $600

Temporal resolution poor
(1–2 min)

poor
(5–9 min)

reasonable
(4–5 s)

excellent
(<1 ms)

excellent
(<1 ms)

Spatial resolution good/excellent
(4 mm)

good
(6 mm)

excellent
(2 mm)

reasonable/good
(10 mm)

good/excellent
(5 mm)

aApproximate costs, there may be considerable variation among manufacturers and device specifications.
bTypical commissioned operating costs. 
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Figure 1 Comparison of spatial and temporal resolutions. 
The area occupied by the boxes represents the spatial and temporal resolutions of the respective functional neuroimaging 

technique. The shading of the boxes represents the degree of invasiveness of each modality, darker shading indicates 
higher invasiveness.

Figure 2 Schematic diagram of a single ring detector of a PET camera. 
When an emitted positron comes in contact with an electron, they annihilate each other and produce two photons (-rays) 
travelling in opposite directions. The PET camera employs paired gamma detectors linked in a coincidence circuit that 

only records decay events when photons trigger both detectors “simultaneously.” Coincidence detection can be localised 
to the line connecting a pair of isolated detectors.
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Single-photon emission computerised tomography 
(SPECT)
SPECT detects neuronal activity indirectly by measuring
changes in rCBF.19 Similar to PET, SPECT generates to-
mographic images of the three dimensional distribution
of a radioisotope.23 However, the radioisotopes utilised in
SPECT have more advantageous radioactive half-lives
and decay to directly emit gamma rays.18 Nevertheless,
the typical effective radiation dose in SPECT is consider-
ably higher compared to PET.23 Repeated scanning with
both PET and SPECT is usually restricted because the
participants are exposed to radiation, thus limiting task
repetitions or multiple tasks in the same session.22

SPECT cameras are either rotating cameras, compara-
ble to x-ray computed tomography (CT) systems (except
that the emitting source is within the patient and the type
of radiation is gamma rays), or detector rings similar to
those in PET. Figure 3b depicts a modern SPECT system.
SPECT systems using multiple detector-rings are de-
signed to maximise the number of detectors recording ac-
tivity from the brain, and can achieve a reasonably good
spatial resolution.23 Less expensive detector cameras and
no need for a cyclotron are responsible for making the ac-
quisition of a SPECT system more affordable than a PET
system. SPECT is dependent on the haemodynamic re-
sponse and sufficient detection of photon emissions, and
has therefore relatively poor temporal resolution. The
spatial resolution of SPECT is fairly good, albeit not
quite that of PET. The reader is referred to Wintermark et
al23 for a more in-depth presentation of SPECT.

Functional magnetic resonance imaging (fMRI)
Functional MRI relies on detecting small changes in the
signals used to produce magnetic resonance images.27

There is no need to introduce radioisotopes in fMRI as
the iron in the blood haemoglobin serves as an inherent
intravascular contrast agent.18 This is possible due to the
fact that deoxygenated haemoglobin has greater magnetic
susceptibility as compared with tissue and oxygenated
haemoglobin. The balance of oxygenated and deoxygen-
ated haemoglobin in the blood is blood oxygenation level
dependent (BOLD), and changes in blood oxygenation
occur as a consequence of neuronal activity.28 The main
limitation of fMRI arise from the vascular origin of the
signal changes, hence, a temporal resolution of no better
than 2 to 5 seconds can be expected with BOLD-fMRI.24

Conventional MRI scanners utilise a large supercon-
ductive magnet capable of generating the strong magnet-
ic field (1.5 T or above) necessary in MRI procedures.24

Figure 3c depicts a modern MRI system. As the signal in-
tensity increases with the magnetic field strength, many
fMRI researchers are turning to scanners of 3 T or greater
to improve spatial resolution.24 Newer techniques and
stronger magnets are expected to enable researchers to
identify structures in the submillimeter range.29 Thus,
fMRI is considered to have the best spatial resolution
among the functional neuroimaging techniques.18,22 The
operating costs of fMRI are more reasonable than the nu-
clear imaging techniques (PET and SPECT). The reader
is referred to a review by Hennig et al30 for more infor-
mation regarding methodological aspects and clinical ap-
plications of fMRI.

In regards to the exposure to strong magnetic fields in
fMRI, a few things are worth noting. Although no known
health risks are associated with MRI scanning, induction
of flow potentials around the heart, induction of ectopic
heart beats and an increased likelihood of re-entrant ar-
rhythmia, have been observed.33 Furthermore, induction
of vertigo and nausea have been observed during move-
ment in static fields greater than 2 T.33 However, move-
ment is detrimental to the image quality in MRI, and
every effort is made to prevent movement to occur during
MRI procedures. The main concern with MRI scanning is
the potential for movement or heating of ferromagnetic
objects in the body. This issue is resolved by excluding
participants with inserted pacemakers, surgical clips, or
any other ferromagnetic objects.22 Subjects are exposed
to loud acoustic noise (100–130 decibel, 1–4 kHz) with
mechanical vibration during the typically 2 to 30 minutes
it takes to acquire the necessary data.24,28,31 Earplugs that
can provide about 20–30 dB noise attenuation at these
frequencies are therefore commonly used in both func-
tional and conventional MRI procedures.32

Electroencephalography (EEG)
EEG records changes in the electrical potentials generat-
ed by large populations of synchronously active neu-
rons.34 Although electrical activity can be measured
directly from the cortical surface (electrocortiography) or
by using depth probes (electrography), this paper will
only refer to EEG recorded from the scalp surface. From
its neuronal source, current has to penetrate through
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skull, skin, and other layers, before being detected by
electrodes on the scalp.35,36 The spatial orientation of
neuronal populations, relative to the scalp surface, varies
from radial in the gyri to tangential in the sulci. EEG is
sensitive to both tangential and radial components of a
current source, but seems to be dominated by radial
sources.34 See Figure 4 for an illustration of radial and
tangential current sources in the cerebral cortex.

EEG systems are relatively novel and consist of elec-
trodes with conductive media, amplifiers with filters,
analogue to digital (A/D) converters, and computer
equipment for recording and signal processing.36 Thus,
EEG equipment can be acquired for only a fraction of the
cost of the other technologies. Figure 3d depicts the com-
ponents of a modern EEG system. Skin preparation of the
scalp and the use of a conductive medium are usually re-

Figure 3 Pictures of functional neuroimaging equipment. 
(A) Example of a PET system: Philips Gemini GLX PET/CT (Courtesy of Koninklijke Philips Electronics NV); (B) 
Example of a SPECT system: Philips Precedence SPECT/CT (Courtesy of Koninklijke Philips Electronics NV); (C) 

Example of an MRI scanner: Philips Achieva 3.0T X-series MRI (Courtesy of Koninklijke Philips Electronics NV); (D) 
Example of a EEG system: EGI Geodesic EEG System 300 (Courtesy of Electrical Geodesics Inc); (E) Example of a 

MEG system: Elektra Neuromag (Courtesy of Elektra AB)

B

C D E
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quired to obtain appropriate conductance and lowering of
contact impedance at the electrode-skin interface.36 This
is generally well tolerated, but it may cause irritation,
pain, bleeding, and infection, especially when repeated
EEG measurements are made from the same electrode
points.36

EEG has an excellent temporal resolution of only a
fraction of a millisecond enabling brain activity to be re-
corded in real-time.37 Furthermore, with the use of mod-
ern signal analysis methods the spatial resolution of EEG,
which often is considered as its biggest limitation, might
in fact approach that of conventional fMRI.39 The reader
is referred to a recent review by Michel et al39 for a dis-
cussion on various methods of signal analysis in EEG
source imaging.

Magnetoencephalography (MEG)
MEG is a sophisticated non-invasive functional neuroim-
aging technique that measures the external magnetic field
generated by the neural activity of the brain. Changes in

the neuromagnetic field are a direct and instantaneous re-
flection of neural events in the brain. In order to generate
a neuromagnetic field detectable by MEG sensors, large
neuronal populations have to be aligned tangentially to the
scalp surface and be synchronously active.40 See Figure 4
for an illustration of radial and tangential current sources
and their associated neuromagnetic fields. Thus, EEG and
MEG provide a complimentary detection of the electro-
magnetic activity of neuronal networks in the brain.

The neuromagnetic field (approximately 10 to 103 fT)
is several orders of magnitude weaker than the ambient
magnetic noise (approximately 108 fT ), which includes
the earth magnetic field.34 Hence, both sufficient magnet-
ic shielding against external magnetic fields and exqui-
sitely sensitive equipment are required to measure the
neuromagnetic field. Enclosing the MEG system within a
magnetically shielded room is the most straightforward
method for reduction of environmental noise.41 Different
enclosure approaches are available, including; shielding
by eddy currents using high-conductivity metal, shielded

Figure 4 Radial and tangential sources and their associated magnetic fields. 
The electrical current source is indicated by an arrow, and its associated magnetic field is indicated by a dashed line. 
(A) A radial current source located in the gyrus of the cerebral cortex (radial source) has its associated magnetic field 
oriented tangential to the scalp surface. (B) The magnetic field associated with a current source located in the sulcus 

(tangential source) is perpendicular to the scalp surface. Only tangential current sources generate neuromagnetic fields 
detectable by MEG.
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mu-metal rooms, and superconducting shields.41 The
equipment sensitivity is provided by a device known as
SQUID (Superconductiong QUantum Interference De-
vice), which is immersed in liquid helium, along with oth-
er components and contained within a vacuum-insulated
container (dewar).40 See Figure 5 for a schematic of an
MEG dewar. Figure 3e depicts a modern MEG system.

One of the most important features of MEG is that the
technology provides measurements with an excellent
temporal resolution, allowing the recording of neuronal
activity in real-time.37 The spatial resolution of MEG is
reasonably good.34 Source localisation is less complicat-
ed with MEG than with EEG because the tissues are
transparent to the neuromagnetic field, whereas knowl-
edge of the tissue conductivity distribution is usually re-

quired in EEG.41 Thus, MEG has traditionally been able
to offer better source localisation than EEG. Although the
operational costs of MEG are typically less expensive
than fMRI, they are both significantly more expensive
than EEG. The reader is referred to Ioannides37 for a
more thorough discussion of MEG as a research tool.

Current use of neuroimaging techniques
Functional neuroimaging has many applications in the
clinical setting, in particular investigating cerebrovascu-
lar disorders (PET and SPECT),23 pre-surgical localisa-
tion of cortical areas (PET, SPECT, MEG, EEG and
fMRI),23,30,42–43 and detecting the location of epileptic
discharges (MEG, EEG, PET and SPECT).23,35,44 To a
lesser degree, PET is also used in the localisation of brain

Figure 5 Schematic diagram of a MEG dewar with SQUIDs. 
Detection coils are placed tangential to the scalp surface. The detection coil “senses” the neuromagnetic field and 

produce currents that are “transmitted” to the SQUID by signal coils. The SQUID then “converts” the currents in the 
signal coils to voltages that can be amplified and recorded by conventional electronic devices.
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tumours, and the investigation of dementia and move-
ment disorders.23 SPECT is used to confirm brain death
by assessing cerebral perfusion, and is also used for in-
vestigations in a variety of psychiatric disorders such as,
depression, post-traumatic stress disorder, schizophrenia,
and dementia.23 Indeed, an expanding body of clinical
evidence supports the value of using non-invasive func-
tional neuroimaging (MEG and EEG) with cases of atten-
tion deficit hyperactivity disorder, autism, dyslexia, and
epilepsy.45

In the research setting, functional neuroimaging has
traditionally been used in studies of brain activation, and
for this purpose fMRI has to a large extent replaced
PET.23,30 The main reasons being fMRI: (i) does not in-
volve exposing participants to ionising radiation; (ii) of-
fers superior spatial resolution; (iii) has faster data
acquisition time; and (iv) has a lower operating cost per
investigation. Nevertheless, PET (and SPECT) may still
be particularly helpful in the study of specific neurotrans-
mitter-receptor interactions due to the many tracers that
can be utilised with these technologies.46

EEG, MEG and fMRI are used extensively by clinical
researchers in both basic and cognitive neuroscience, as
well as in contemporary psychophysiology.27,47–49 The
neural correlates of several psychological and psychiatric
disorders have been investigated, including, but not limit-
ed to; ADHD,50 ASD,51 and depression.52 In addition to
basic brain activation studies, functional neuroimaging
has a history of investigating the effects of pharmaceuti-
cals on psychiatric disorders.53 However, more recently
there have also been investigations into the effects of psy-
chotherapies in these disorders.53 An increasing number
of neuroimaging investigations involve topics important
to rehabilitation, such as investigations of the neural cor-
relates of recovery after stroke and determining the effects
of treatment interventions.22,54 Similar investigations have
been conducted in patients with Parkinson’s disease, mul-
tiple sclerosis and Alzheimer’s disease.54 Furthermore,
the effects of acupuncture on brain activity have also re-
cently been investigated with neuroimaging techniques.38

Neuroimaging research in fibromyalgia and other chronic
pain conditions without a known nociceptive source have
provided objective evidence of abnormal central regula-
tion of pain.55 Nakabeppu et al56 observed decreased rCBF
in the thalamus in patients with chronic pain using
SPECT. Flor et al57 found extensive reorganisation of the

primary somatosensory cortex in patients with chronic
low back pain, using MEG. Further investigations are
warranted to elucidate the mechanism(s) by which SM
benefit patients with these conditions.

Potential applications in chiropractic research
There is a need to investigate the effects of SM on brain
activity and further our understanding of the neurophysi-
ological effects of chiropractic SM as it pertains to both
musculoskeletal and non-musculoskeletal complaints. In-
creased knowledge of how the brain responds to SM will
also further the understanding and the development of
chiropractic, and will therefore have an impact on both
chiropractors and their patients. Expanding evidence of
central neural changes with SM from basic science re-
search may also eventually extend the scope of practice
as an increasing number of health professionals may en-
courage and refer patients to chiropractors. Functional
neuroimaging modalities appear to be appropriate tools
to obtain the valuable information about how brain func-
tion is altered with chiropractic care.

Investigating the effects of dysfunctional spinal mo-
tion segments on brain function may seem like a natural
place to start. However, the design of appropriate experi-
ments may be ethically challenging with human subjects,
and perhaps animal studies may be more appropriate ini-
tially. Bakkum et al58 demonstrated in a study on cats that
chronic vertebral hypomobility of lumbar segments (sur-
gically induced) resulted in plastic changes in the spinal
cord. This is for obvious reasons not feasible with
healthy human subjects. However, it may be possible to
evaluate a cohort of patients scheduled for spinal fusion
before and after surgery using functional neuroimaging.
Alternatively, possible changes in brain activity may be
detected in animal studies using a similar experimental
set-up used by the beforehand mentioned study by Bak-
kum et al.58

In humans, documenting normative data from basic
science studies whether SM can change brain function
would be a priority before investigations on various clini-
cal entities are undertaken. Different parameters of brain
function are of interest and should be investigated with
regards to magnitude, time-scale, distribution, and loca-
tion of altered brain activity.

Various aspects of sensorimotor integration are of par-
ticular interest in relation to musculoskeletal conditions.
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Indeed, recent studies by Haavik-Taylor and Murphy17,59

using EEG have shown changes in sensorimotor integra-
tion following cervical SM. Whereas these initial studies
have used electrical nerve stimulation to evoke electrical
potentials detectable with EEG, future investigations
could perhaps use passive or active movement to evoke
electrical potentials and magnetic fields, which could be
recorded by EEG and MEG, respectively. Future studies
should look beyond cervical SM and include investiga-
tions of changes in sensorimotor integration in relation to
lumbopelvic SM. Furthermore, potential differences
across various types of SM could also be investigated. In
addition, improvements in reaction times following SM
has previously been identified,12–13 and further elucida-
tion of changes in sensorimotor integration may be of
interest from both a sports chiropractic and athlete per-
formance enhancement point of view, as well as in the
context of chiropractic care and fall prevention strategies
for the geriatric population. Furthermore, the effect of
SM on sensorimotor integration may also be investigated
in relation to neurodevelopmental disorders (e.g. ADHD,
ASD and cerebral palsy), which commonly display motor
impairments. Functional neuroimaging may help explain
some of the improvements in patients with these condi-
tions receiving chiropractic care.

Another parameter worth investigating is central pain
processing, and in particular the potential modulation of
central pain processing in patients with chronic pain syn-
dromes. Functional neuroimaging modalities could be
utilised to provide objective neurophysiological evidence
of the efficacy of chiropractic SM by measuring potential
changes in the abnormal brain function already identified
in these patients. These outcomes could then be coupled
with validated paper based disability and pain invento-
ries. Furthermore, functional neuroimaging may be used
to identify the best treatment approaches, which patients
respond to SM, and which combinations of treatment
have synergistic therapeutic effects.

A range of other parameters are of interest with re-
gards to non-musculoskeletal complaints. Neural corre-
lates of various brain states, including attention deficits
and depression, have been identified with functional
neuroimaging. Chiropractic researchers could potentially
adapt the methodology and research design of these stud-
ies to investigate the effect of chiropractic intervention in
specific cohorts of subjects. For example neuroimaging

research in psychiatry has implicated hypoactivation of
the left prefrontal cortex in depression.60 Thus, the effect
of chiropractic intervention for patients with depression
could potentially be evaluated by functional neuroimag-
ing of left prefrontal cortex activation. A similar ap-
proach is possible with ADHD which is associated with
prefrontal brain dysfunction related to processes of re-
sponse inhibition.61 In the advent of positive findings it
would be appropriate to set up clinical trials where objec-
tive neurophysiological evidence of efficacy could be
correlated with validated paper based clinical assessment
tools. Depression, ADHD, and ASD are just a few disor-
ders that may be candidates for investigating chiropractic
interventions using functional neuroimaging.

Determining which technology is better is complicated
as all functional neuroimaging techniques have advantag-
es and disadvantages, but some modalities are generally
better suited to answer certain types of research questions.
Generally, the functional neuroimaging techniques rely-
ing on the haemodynamic response (PET, SPECT and fM-
RI) would to be better suited for answering questions
concerning where, and neuroelectrical techniques (EEG
and MEG) are preferred to answer questions concerning
when. However, technological advances continue to im-
prove the functional neuroimaging techniques. fMRI ap-
pears to have replaced PET (and SPECT) to a large extent
with its superior spatial and temporal resolutions and sim-
pler operating (no use for radiopharmceuticals). MEG and
EEG, in addition to providing superior temporal resolu-
tion, are becoming increasingly better suited for source lo-
calisation. Whilst EEG and MEG are complimentary
techniques, MEG appears to be superior in some aspects,
including spatial resolution if cost is not a factor.

Feasibility

Cost and access
Cost and accessibility appear to be major obstacles for
utilisation of functional neuroimaging in chiropractic
research. The cost of acquiring most functional neuroim-
aging equipment is very high, which may explain the rel-
atively limited number of these systems in existence. In
addition, these modalities typically require specialised
staff to operate the sophisticated equipment. The limited
number of functional neuroimaging systems are therefore
typically located in either medical institutions (e.g. hospi-
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tals) or research facilities dedicated to particular research
interests in specific fields (e.g. cognitive neuroscience,
psychiatry and linguistics). Thus, chiropractic research-
ers are likely to compete for laboratory time at facilities
which typically have other research priorities. It would
therefore be pertinent for chiropractic researchers to es-
tablish research partnerships with these institutions in or-
der to gain access to functional neuroimaging equipment
and conduct their experiments. Furthermore, it is general-
ly expensive to conduct research using most functional
neuroimaging modalities. Unfortunately there is very
limited funding available for chiropractic research, thus
making it difficult for chiropractic researchers to conduct
experiments using functional neuroimaging.

In comparison to the other neuroimaging modalities,
EEG equipment is relatively inexpensive to acquire and
operate. Chiropractic researches could potentially set up
their own dedicated EEG research facilities and avoid
competing for laboratory time to conduct their experi-
ments. With appropriate training it would be possible for
the chiropractic researcher to both operate the equipment
and analyse the recorded data. Thus, the operating costs
would be limited to relatively inexpensive basic consum-
ables (conductive gel and electrodes), which would
amount to far less then the operating costs of the other
modalities.

Technical considerations
It is important to avoid any head movement whenever in-
vestigating brain activity using functional neuroimaging.
In addition, many of the functional neuroimaging sys-
tems feature confined spaces in order to obtain the data or
protect the investigators, or both. For these reasons, it is
not feasible to measure brain activity concurrent with
chiropractic SM. Admittedly, it would be interesting to
demonstrate the neural pathways and circuitries that are
activated during SM. However, the elicited activity of
certain somatosensory neural circuitries during SM is ar-
guably of less importance than the sustained changes in
brain function that might occur in response to SM. These
changes are best investigated by comparing brain activity
before and after SM using various stimulus presentations
depending on which aspect of brain function is of inter-
est. A pre-post SM intervention design is readily achieva-
ble and comparable to functional neuroimaging studies in
other fields. Depending on the brain region or function of

interest, an array of different stimuli may be presented
during data acquisition, including, but not limited to: so-
matosensory, auditory, visual, motor, or cognitive tasks
(e.g. solving mathematical problems).

Most MEG and EEG somatosensory studies utilise
evoked response paradigms, which looks at the transient
response to brief sensory stimuli.38 Responses that occur
at the same time after each stimulus (time-locked) be-
come visible against background noise after averaging
trials. These time-locked, averaged responses are called
somatosensory evoked fields (SEFs) when recorded with
MEG and somatosensory evoked potentials (SEPs) for
EEG studies. Quantitative spectral analysis is another
analysis method that is often used to quantify EEG and
MEG signals on the basis of the amount of oscillations
present (oscillatory power).38 Cortical oscillations are a
widespread feature of normal brain activity and occur at
a variety of different frequencies.62 Interestingly, the
evoked response paradigm is increasingly being substi-
tuted by event-related changes in cortical oscillatory
power.37,63 In the evoked response paradigm, a stimulus
initiates a sequence of activations that tends to propagate
from one area to the next. Any background rhythms are
just uninteresting noise that must be eliminated. Howev-
er, because the cortex is always active, any stimulus-
evoked effect must be seen as a perturbation of ongoing
activity in several areas. In order to understand the influ-
ence of the stimulus on the activity of one area, the inter-
action between the effect of the stimulus and the local
background activity must be taken into account. In addi-
tion, other indirect stimulus-evoked effects mediated by
other areas should also be taken into account. Oscillatory
power changes do not just occur in response to a brief
event, but can exist over quite long periods of time dur-
ing a ”state change”.64

Due to the enclosed nature of MEG and the brain per-
fusion imaging techniques, participants may become anx-
ious or claustrophobic.22 However, if participants do not
suffer anxiety or claustrophobic disorders, it has been
shown that participants feel safe when inside the scanner,
and they would recommend participating in neuroimag-
ing research to their family and friends.65

Conclusions
Functional neuroimaging techniques are powerful tools
in the investigation of neuronal activity in the human
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brain. The chiropractic research community is encour-
aged to utilise the potential of functional neuroimaging to
discern how chiropractic SM may best stimulate positive
neuroplastic change in combination with clinical recov-
ery. The use of functional neuroimaging techniques, in
particular fMRI, MEG and EEG, in future chiropractic
research is strongly recommended.
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Notice of Correction

Hart J, Omolo B, Boone WR. Thermal patterns and health 
perceptions. JCCA. 2007;51(2):106-111.

On page 108 column 2 paragraph 2 of this paper a typo-
graphical error occurred. The alpha value was incorrectly
stated as 0.50 when it should have been stated as 0.05.

The following is the corrected version.

“Stata/SE 8.2 was used to estimate required sample size
to demonstrate a significant difference between groups
(StataCorp LP, 4905 Lakeway Drive, College Station,
Texas, 77845USA). It was estimated that there would be
a difference of 3-points between the mean SF-12 scores,
and that the standard deviation of the two groups (high
TPC percent group vs the low TPC percent group) would
be approximately equal. Alpha was set as two-sided 0.05
and power at 0.80.”
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