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Abstract

Background « Chiropractic spinal manipulation ((SM) s an
alternative tréatment for back pain. The autonomic nervous
systent is often involved in spinal dysfunction. Although stud-
ies pn the effects of CSM have been performed, no chiropractic
study has examined regional cerebral metabolism using posi-
tron emission tomography (PET).

Objective « The nim of the present study was to investigate the
effects of CSM on brain responses i terms of cerebral glucose
metabolic changes measured by [*Fltluorodeoxyglucose posi-
tron emission tomography (FDG-PET).

Methods ¢ Twelve male volunteers were recruited. Brain PET
scanning was performed twice on ecach participant, at resting
and after CSM. Questionnaires were used for subjective evalua-
tions. A visual analogue scale (VAS) was rated by participants
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before and after chiropractic treatment, and muscle tone and
salivary amvlase were measured.

Results » Increased glucose metabolism was observed in the
inferior prefrontal cortex, anterior cingulated cortex, and mid-
dle temporal gyrus, and decreased glucose metabolism was
found in the cerebellar vermis and visual assodiation cortey, in
the treatment condition (P<.001). Comparisons of question-
naires indicated a lower stress level and better quality of life in
the treatment condition. A significantly lower VAS was noted
after CSM. Cervical muscle tone and salivary amylase were
decreased after (SM.

Conclusion » The results of this study suggest that CSM affects
regional cerebral glucose metabolism related to sympathetic
relaxation and pain reduction. (Alfere. Ther Health Med,
2001:17(6112:17)

siropractic spinal manipulation (CSM) is an alterna-
" tive treatment for ailments such as neck, back, and
lower back pain. For > 100 vears. chiropractors have
asserted that overall he
e spinal manipulative therapy”
been extensively performed worldwide

alth can be improved through
“Research.on USM has
>, and its efficacy on musculo-
skeletal syraptoms has been well documented. The amtonomic ner-
vous system has been invoked in constructing mechanisms that
accoumt for the effect of spinal dvsfimction.® Previous studies doo
mented a potential relationship hetween the vertebral subluxation
complex and the function of the autonomic nervous systern, %
These studies mainly discussed the autonomic effects on cardiovas-
cular function in relation 1o CSMUI Y A recent study using heart
rate vartability analysis documented that chiropractic adjustment
affects the autonomic nervous svstern.”” However, literature search
showed no study using positron emission tamography (PET) to
examine regional cerebral metabolic changes related 1o autonomic
responses resulting from CSM,

Only one available neuroimaging study on CSM using single
photon emission computed tomography (SPECT) indicated
sfem sased regional cerebral blood flow in the left cerebellum refated
to adverse reactions after treatment.” Since this study focused on
the adverse reactions, the brain effects and the clinical effec
C5M have remained unknown, Recent chiropractic research docus

s of

mented the need for a functional neurolnaging study regarding the
effects of spinal manipulation for deeper understanding of the pey:
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rophysiclogical effects of CSM.7
¢ ?x-‘x-i might induce metabolic increase or decrease {activation or deac-
tivation) in the brain regions associated with autonomic nervous

Thus, we hypothesized that one

functions in resporsse to CSM intervention: the limbic and paralimbic
regions such as prefrontal cortex, orbitofrontal cortex: cingulate
gyrus, striatum and thalamus, cerebellum, and brain stem.
Functional newroimaging techniques are pow erful 1ools 10
investigate neuronal activity in the human brain” The PET scan
has been used for measuring regional cerebral blood fow and
regional cerebral metabolic rate using radiolabeled molecules,
which are gither injected intravenously or continuously inhaled by
the participant.” In the research setting, functional neuroimaging
has been used in studies of acute brain activation, and for this pur-
pose, functional magnetic resonance imaging ((MRI) has replaced
PET with [ PO O because of its preferred spatial resolution, avoid-
ance of radioactive materials, and operating Cost per investiga
tion. 518 However, PET with *Fabeled fluorodeoxvglucose (FDG)
has been regarded as an excellent imaging marker of brain metabol-
ic activity (ghucose consumption).™ The molecule FDG, a radioac
tive analogue of glucose, is trapped metabolically into activated cells
in the brain and can be substantially used for evaluating physiologi-
¢al and biomechanical functions in vive” Initially, this technique
was used in healthy volanteers who performed a natural running
in upright §'smim‘<> “Later, this technique was applied to daily
movement™ and alternative therapy such as aromatherapy.™ An
important advantage of the FDG technique is that the

task

gional

brain activity during 30 minutes after injection is averaged and
reCor dv d based on the biochemical property of “metabolic trap-
ping.”* where the phases for FDG uptake and for PET measure-
ment can be separated (Figure 1). Another advantage of this
technigue is low radiation exposure achieved by a sensitive 3-dimen-
stonal data ;chuisii‘ism mode®

We hypothesized that 2 CSM treatment might induce meta-
bolic increase or decrease (activation or deactivation} in the brain

sgfons associated with autonoemic nervous functions in response to
CSM intervention: the livabic and paralinbic regions such as pre-
frontal cortex,
thalamus, cerebellum, and brain sterm. The alm of the present study

orbitofrontal cortex, cingulate gyrus, stristum and

was to investigate the effects of CSMoon i‘a*“;iz’z responses |
cerebral glucose metabolic changes and FDG, In addi-
tion, we evaluated the relation between the results of PET investiga-
tion and the changes in autonomic function and pain intensity
induced by chivopractic treatment.

using PET

METHODS
Participants and Materials
Volunteer toen with cervical pain and shoulder stiffness were
recruited after researchers placed a poster on the campus of Tohoku
University, Included were men aged 20 1o 40 vears with cervical
pain and shoulder stiffuess who did not receive any kind of manipu-
lative treatment for 21 month before the wgwyizzam‘: Sxclusion ori-
teria were (1) the presenceof d se herniation

or significant disc dege ical or men-

ise problemns such s ¢

ion and (23 aig}» sther pb

tal disorders or medication th sction or per-
fuston. After giving Informed consent, ii 15 candidates were first

assigned for MRI examination of the cervical region, and 3 partic-
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3 inje 3G uptake time in the resting state, Positron

i?;zx%wm Tomography (PET) scanping started 30 sainutes after FDG

indection and continued &

w 20 minutes. o the treatment condition,
PG wass injected shortly after the treatment. Additional
meavurements such as musdle stifiness, salivary aolase, and
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feehing were conducted before and after the treayment. The
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started 30 midnutes alter FOG injection

$ mé%;;; i ST 1]

3G injection is FDG uptake
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and following 20 minutes,

e PET semming

pants with disc problems were excluded from the study. Medical
sereening was ;x’ﬂ‘fvri’zwé to confirm absence of any disorders o1
medication that might affect hrain Therefore, 12 men
volunteers aged 21 to 40 vears (mean age: 8D, 2827 v) were
included in the study. Woren were not included becanse of the
higher risk of radiation exposure o the ovary and the physiologi-
cal thuctuation of the brain activity associated with the menstrual
(‘w‘g :

fmction,

The present study protocol was approved by the Ethics
Commitiee of Tohoku University Graduate School of Medicine,
Sendai, Japan (No, 2008-115),

The present study was conducted in crossover study design, in
which each participant was examined twice {once in the “treat-
ment” and the other time in the “control” ["resting”] conditions) to
compare resting regional brain activity in the 2 conditions (Figure
13 In the treatrent condition, participants. received a single O8NV
infervention including a CMS diagnostic procedure (in total 20
minutes). Shortly after the CSM treatment, FDG-containing saline
solution was injected bito the participant through the left wecw
bital vein (37 MBq) in a quiet, dimly lit roowm. Participants weére
asked to sit in a relaxed manner with their eves closed for 30 min-
ates before the scan. The brain scan was initiated 30 minutes ¢

ter
the FDXG injection using a PET scanner (SET2400W, Shimadza Inc,
Kyolo, Japan). The PET scan covered the entire brain in 1 sean, take
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ing 10 minutes for the emission scan and another 5 minutes for the
transmission scan for Hssoe attenuation correction (Figure 1) In the
sean for the control condition, FDG was injected into the partici-

pant after a 20 minute resting p shase instead of CSM intervention;

the scanning procedure following was identical to that for the treat-
ment condition (Figure 137
i this study
parable to the exposure from a chest radiograph (0.4 mSv per test)
mivyLH

“control-treatment”

The radiation exposure zmm 1 PET sean

16 estimated at appit simate 3& (.89 mbv: this was come-

hod

and less than annual environmental exposure (2.4
The order of the 2 scans—that is, and
“seeatment-control—was counterhalanced to minimize an “order
effect.” Order effect oeours %m*;smz‘ study participants tend 1o feel

PSYE be}‘%nx;:ﬁwp al stress more in the Hrst scan than insu ivxm €11t

scans, Therefore, the protocol was prepared to minimize this order-
z;xsm‘é;zmi effect. As a result, the first scan was pe rmzmui i%
treatment condition in half of the participants and vice versa. The

interval between the first and second scans was 21 week to elimi-
nate residual effects of treatmment; the interval between conditions
{scans) ranged from 110 6 weeks (mean interval £5D, 22213 4}
The CSM was performed by the same chiropractor, an advanced
proficiency-rated doctor of activater methods.
Questionnaires were used for subjective evaluation.
Participants were requested 1o answer questions related to the
Stress Response Scale (SRS-18) and Buropean Organization for
Research and Treatment of Cancer Quality of Life Guestionnatre-
Core 30 (FORTC OLGAC30) immediately after the CSM treatment
and before FDIG injection. Results of SRS-18 and EORTC QLO-C30

were examined using Wilcoxon signed-rank test for statistical analy-

sis. In addition, intensity of subjective pain sensation was evaluated
i {(VAS (U, am!um 10, maximum ;wxai~
M intervention. Wilcoson signed-rank
ix of the VAS results, as well, Cervical

muscle fone was meastred bilaterally at the superior part of the tra-
pezius muscle (Muscle Meter PEK 1, Imoto Inv, Kyote, Japan).
Salivary aroylase was determined (Amylase Monitor, Nipro Ing,
Osaka,

tem f‘ii%i{ tion. {!?ﬁ measurements of muse le tone and salivary

o g visual analogue scale

ble pain) before and after ©

test was performed for analys

fii}diﬂ as a4 measure of changes in auionomic NErvous svs

iy

stabolic inerease Qe and s

al cerebral glucose metaboli

lase were performed before and after the 20-minute treatment or
resting phase (Figure 1), Paired 1 tests were performed on measure-
ments of muscle tone and salivary anvlase to determine differences
in before and after measurements between the resting and treat

ment conditions,

#t-Jabelled Fluorodeoxyglucose Positron Emission Tomography

The PET brain images were analvzed to identify regional

changes in glucose metabolic rate using a software package
Statistical Parametric Mapping 2 (SPM2,
Kingdom).
corrected for each participant, using
the realignment function of the SPM2. The FDG brain template

Functional lmaging

Laboratory, London, United " Positional errors

between the two scans were
{(Montreal Neurolagical Institute, McGill University, Can wada ¥ was
used for anatomical standardization (spatial normalization) of the
PET images by applving linear and nonlinear transformations,
which minimized the intersubject ditferences in gyral and function-
al anatorny. The size of each voxel is converted into 2 ram (forx, v,
‘he normalized data were
smoothed using isotropic Gaussian kernel of 12 mm (for x, v, and 2
axes) to increase the signal-to-noise ratio by suppressing high fre-
quency noise in the images.
Voxel-by-voxel analysis (su

and z axes) in the normalized image. |

ch as Statistical Parametric
Mapping) is the standard tool for detecting regional changes in
yadioactivity levels in certain brain regions. The most popular con
trast in ziww stuchies has been to contrast “vesting” with “task ar
stimuus.” all voxel values were normalized

to an arbitrary global mean value of 50 mg/100 mL/min by analysis

For statistical analysis,

of covariance {o exclude the effects of intersubject variability in
globul cerebral glucose metabolism. A paired t test way applied 10
each voxel; only voxel clusters were maintained with voxels corre
sponding to < ﬂ!)l in a single test (height threshold for voxel val-
¢ Usually, statistically significant voxels tend to
appear in a 5mzs;} since each neural substructure has @ cortain vol-
ume in haman brain (eg anterior cingulate cortex). The size of the
Ewd by the number of voxels
showing statistical significance together. Based on the fict that each

ues) in 2 owa

voxels group {cluster size) is desen
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neural substrueture has a certain volurne, o very small cluster with
just a few voxels is not physiological and often produced by noises
i images. Thus, an extent threshold for the voxel cluster size iy
additionally defined (10 to 50 voxels minimum).™ The statistical
significance of g regional metabolic change was given b 2 seores.
The £ score value was the difference between the treatment and con-
trol group mean values, divided by standard deviation of the control
values [{(Mean-Mean_ Empirically in Statistical
Parametric Mﬁppmg kzwi} sis, a 2 score higher than 3.0 (approxi-
mately corresponding to < .001) was considered statistically signif-
tcant. The location of each statistical peak was identified based ona
coplanar stereotaxic atlas of the human brain.™ In the stereotaxic
atlas, the location of statistical peak is deseribed in x3,2 axes of the
stereotanic coordinates of the standardized human brain space.
Each location is also classi

sified into a brain area called Brodmann’s
area (BA) defined by its histological similarity that also suggests
functional similarite® Smtntimﬁ\f significant areas were superim-
posed on the standard MRI brain %em;ﬁkaf tmages (Figure 2).

RESULTS
The FDG-PET analysis revealed
meetabolism between resting

changes in regional cerebral
and treatment (P< 001}, In the treat
ment condition, increased glucose metabolism was observed in the
inferior prefrontal cortex (BA 47), anterior cingulate cortex (BA 32),

and middle temporal gyros (BA 21 decreased glucose metabolism
was ohserved in the (.‘{“Ic%}ilﬂdi vermis and zmzai association cortex
(BA 19) (Table 1)

Results of subjective measures revealed significant differences
between the resting and treatment conditions. The mean SRS-18
score was significantly lower in the irmimua? than the resting con-
dirion (Table 2. The mean EORTC QLGS0 s also xzozii?ﬂ«
cantly lower fn the treatment than resting condition (Table 2
Comparisons of mean VAS showed that pain was signific az%?y
improved after treatment (Table 2). Measurements of cervical mus-

W

TABLE 1 Activation/Deactivation Areas After Chiropractic :
Spinal Manipulation in Men

| Coopdinate: Brodrann's |
LS AP S 41111 Areg (BA} i
M8 47 i 3.82
R360 2 B .75
AL 22 24 % 32 0
CDeactivation . OV 1 42 <38 121
L w019 46

The table indicates results of voxelbyvoxe] analysis using statistiond
parametsic r;a;}g}mg 2 (SPM2). Regions of statistically s‘;wxm ani
activation and deactivation are demonstrated.
statistic peaks in each reglons is deseribed |

The focation of these

vy the x, v, and 2

coprdinates in stereo standard brain space and by the
Brodmann's area. Cluster size indicates the number of voxels in each

the z score

incicates statistical significance if it s >3.0, corresponding to < 001
(withont corrections for mul
Abhreviations: 1PC inferior ;sr(*wm il cortex; A

region showing stafistical significance sirnsdtanvously, 1

tiple comparisons),

1945, 53}3@&%5? iy K swal
anterior cingulate cortex CY, cerebellar vermis; VAC,
visual association cortex.

SYIUsS]
fex

cle tone showed significant improvernents from the resting to treat-
ment conditions (Table 2). A significant decrease in mean salivary
amyvlase was observed after chiropractic treatment (Table 2).

DISCUSSION

In the present study, participants had cervical pain at the time
the examination as commonly experienced by many chiropractic
ts. Psychological stress may be a cause of cervical pain, and
<La;,§§*zes§§: and management of cervical pain routinely includes psy-
chological stress management™*

¥

fi
fier

i ¥l

because psvchological stress

TABLEZ Results of Questionnaires and Measurernents

i Subjects Having Chiropractic Spinal Manipulation

} A Resting Treatment Value
i SRS-18 104483 5253 0%
FORTC QLO-C20 151488 20488 - 015
Betore After
VAS 6217 13411 < L
Muscle tone {iom) V
Right 2
ifi?l 588124 578434 53 T%A\%pﬁ < i1
Salivary :@1:’!}"12‘;8&‘ (KIU/L 43.1%369 2704182 1954124 < 3-1?»7 |
[ Data reported as mean 25D, Abbreviations: SRS-I8, Stress Response § CQLCHCR0, European Organization for i‘émc\vm}z and Treatment
of Cancer Quality of Life Questionn: e s ;iza;giz;);zsze scale
Musdle tope-—iifferences between before and after Right: restiy 2 vy tregtment, 6.1:24.3 o P< 005, Left: resting,

114 1.8 sy treatment, 5.1
Suli

nm; Pg (01,

1y amxiaw differences between the nu

it

nsof the before and after

Heas

were 22185 KIU/AL

streatment, 702 170 KIU/L P G5
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causes sympathetic activation.™ Therefore, it is possible to com-
pare autonomic function in the resting and treatment conditions in

pattents who have cervical pain. However, the usefulness of CSM for
i !

cervical pain is controversial because of possible adverse reactions of

cervical adiustment, induding a significant increase in neck pain and
# Therefore, we
selected Activator Methods as the treatment procedure in the present
study: Activator Methods are a form of research-based spinal manipe-

stiffness and oceasional headaches or radiating pain.™

lative thesapy™ in which high-velocity and relatively low foree~impact
instruments known as Activator fx;’z;gzsiisw Instruments gre used.”
Activator Adjusting Instruments are inuse by >50% chiropractic prac-
tittoners.™ " In ;zdsmmw investigations on Activater Adjusting
Instruments have been pecformed because of safety concerns related
s in one study, Activator

stic effects and benefits

to general cervical manipulation™
Adjusting Instruments maximized therapey
and decreased the risk of latrogenic injury”
In previous studies alming at scientific examination of the
artonunic effects of CSM intervention, cardiovascular fune i;m &mi
subjective feeling had been the main outcome measures.
However, it would be usefidl to examine the status of regional brain
activity immediately after the CSM intervention. We first applied
the FDG technique for a long-term activation study in healthy vol-
the regional brain activity during 30 minutes after DG
injection was averaged and recorded based on the biochemical
“ {n the present study, the region-
al metabolic changes in the funbic and paralimbic regions, cerebel
fur, and brain stem were expected.
I the present PET investigation

e

property of “metabolic trapping

. the most significant change
was detected in the cerebellar vermis, which was deactivated in the
treatment condition compared (o
bellar vermis may be bnportant in pain perception. Neurolmaging
studies have s %mm a patters in cerebellar activation during the

the resting condition. The cere-

pain response,® ¥ Glucose metabolic changes have been noted in
the cerebella of 13 of 18 patients sutfering regional pain syndrome, ™
and other authors have noted a sirnilar activation pattern in the cer

ehellum.’

# Inn the present study, all participants had peck pain at
the time of the experiment, and the results of VAS indicated a signif-
icantly lower value after (SM
vermis in this study may be re ixml o puin reduction in the par
pants, The cerebellar vermis is also concerned with mental stress,
Painful b
and a sensory cue that antivipates the painful stielation resuits in
activation of the posterior cerebellar vermis. ™ In addition, the cor-
ebellar vermis is involved with the autonomic nervous system,
Previous studies have suggested that the cerebellum is Jnvolvad in
the regulation of avtonomic

Thus, deactivation of the cerebe §,\;§

at activates the antertor cerebellum around the vermis,

responses in aversive condition-
g Removal of the cerebellum impairs performance of auto-
nomic functions including salivary, cardiac, and respiratory
conditioning **
localized to the cerchellar vermis.” Stimulation of the cerebellar ver-
mis, not the hemispheres, inhibits vasomotor tone previcusly
increased by peripheral stinudation, ™" Thus, deactiva
cerebellar vermis in the present study may have been related fo a

These effects on aversive conditioning can be

tions of the

decrease in sympathetic tone, Mental stress causes sympathetic acti-
vation, ™ and ai;"i"‘i*%~§’6§'siz‘ii disorders are frequently accompanied

by increased

iy and muscle tone. ™ Some studies

}i’;{igiai’i

TERNATIVLE

UL VO AT

in

have shown that chronic activation of the sympathetic nervous sys-
tern in chronic stress facilitates tonie and painful muscle contrac
tions, as has been sugge \ttzi for chronie tension-type headaches and
work-related myalgia. ™ In the present study, measurement of
muscle tone Hrdua{ﬂi a significantly lower value after CSMaat which

point the cerebellar vernis was deactivated. Therefore, we suggest
that deactivation of the cerebellar vermis may be preceded by
decreases in sympathetic tone, muscle tone, and pain,

The anterior cingulate cortex, inferior prefrontal cortex, and
niiddle temporal gyrus were activated in the treatment condition in
the present study. iheng‘m: te cortex is involved in the generation

of autonomic responses, ™ and performance of relaxation tasks
may elict maximal activation in the anterior cingulate region ™ This
region of the limbic cortex has been m;pixumi in cognitive and
emotional processing and as part of the midline attentional systen
that involves the dorsolateral prefrontal cortex.

The lateral pre-
frontal regions are deactivated during various cognitive tasks com-
pared to resting ¥ It is z‘zess‘éi&ie that the lateral prefrontal regions
are activated dtsmw the rel:

sed condition, Activation of the inferior
§§it‘§“§§3{di COrtex in the treatment 5'533"{&“{“’? ¥§§H’»’ Eﬂ{;!(”ih‘ a 1"’§'
ation effect, Thus, the results of the present xmdx suggest that acti-
vation of the anterior vingulate cortex and inferior prefrontal cortex
snay arise from svimpathetic relaxation.

Measurement of salivary amylase in the present study revealed
significantly lower values after CSM and increased values in the rest-
inig condition. Salivary measures have beconse increasingly impor-

gant in psvehoneuroendocrinological research on stress™ A
parameter of salivary measures thought to reflect stressrelated
changes in the body is the salivary enzyme alpha-amylase *% Authors
have documented an increase in sali vary amvlase in people undergo-
ing psvehological stress ™ Thus, it is possible that a decrease i sali-
vary amylase is observed in people in a relaxed condition. Regarding
the results of PET analysis, the reduction in salivary amylase in the
present treatment condition may be related to activated areas and
deactivated areas may be related to svmpathetic relaxation.

The Hmitations of this study include the Himited number of partici-
pants and absence of a control group, though many dinieal PET studies
have been done without control groups based on test-retest reprodug-
ibility,™ Furthermaore, some of the results in this study are based on sub-
jective evaluations of the participants. An a Iditional limitation is that
the chiropractic treatment was performed by a single practitioner.
Another disadvantage of this technique would be radiation exposure,

though the exposure was as low as reasonably achievable.

CONCLUSION

In summary, the present study demonsirated sympathetic
relaxation and corresponding régional brain metabolic changes, as
well as reduced muscle tone and decreased pain intensity following
a chiropractic spinal manipulation. ii"iuwi’};i seems to be a very
promising tool for elucidating the underlying mechanism of dlinical
effects of the chiropractic treatment, Further neuroimaging studies
are needed to support the results because the munber of partici-
pants was small in the present study.
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