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ABSTRACY

Objective it is hypothesised that cervical maniputation
may increase the tisk of cerebrovascular accidents. We
aimed to determine whether cervical spine manipulation
is associated with changes in vertebral artery and
verebrovascular hagmodynamies measurad with MRI
compared with neutral neck position and maximum neck
rotation in patients with chronic neck pain.

Setting The Imaging Research Centre at $t. Joseph's
Hospitat in Hamilton, Ontarie, Canada.

Participants Twenty patients were included. The mean
age was 32 years (50 +12.5), mean neck pain duration
was 5.3 years (SD +5.7) and mean neck disability index
seore was 13/50 48D +6.4).

Interventions Following basefine measurement of
cerebrovascilar haemodynamics, we randomised
participants to: (1) maximal nack rotation followed by
cervigal manipulation or (2) cervical manipulation followed
by maximal neck rotation. The primary sutcome, vertebral
arferies and cerebrai haemodynamics, was measured
after each intervention and was obtained by measuring
three-dimensionai T1-weighted high-resolutioh anatomical
images, arterial spin lzbelling and phase-cordrast flow
encoded MR, Our secondary outcome was functional
cornactivity within the default mode network meastred
with resting state functicnal MRI.

Results Gomparad with neutral neck position, we found
a significant change in contralateral blood flow following
maximal neck rotation. There was also a significant
shange in contralateral verighral artery blood velocity
foliowing maximal ngck rotation and cervical manipulation.
We found ro significant changes within the cerebral
haemodynarnics tollowing cervigal manipulation or
maximal neck rotation. However, we ebsetved significard
increases in functional connectivity in the posterior
cerebrum and cerehellum (resting state MR after
manigulation and maximum rotation.

Gonctusion Our resulis arg in acoordange with previous
wark, which has shown a decreass in dlood flow ard
velocity in the contralateral vertebral artery with head
rotation. This may explain why we also observed a
decraase in blood velocity with manipulation because it
invalves neek ratation. Our work is the first to show that
cervical manipulation does not result in brain perfugion

changes compared with & neutral neck pasition or
maximal nieck sotation. The changes shserved were found
to not he clinically meaningful and suggests that cervical
manipulation may not increase the risk of cerebrovascular
events through a haemodynamic mechanism.

Trial registration nurmber NCT02667821

INTRODUCTION

Anecdotal evidence from case reporss and
case scries suggest that neck manipulation
increases the risk of vertebrobasilar artery
stroke. '™
evidence does nol support this hypoth-
esis.? ¥ In their case-crossover stuely, Cassidy ot
alfound that the risk of vertebrobasilar artery

However, the epidemiological

stroke was similar for patients with neck
pain or headaches who consuit physicians
and those who consull chi.‘rcqmm:lm‘s.4 This
suggests that the hypothesised assoclation 1s
due to protopathic bias.

Understanding whether neck manipula-
tion increases the risk of stroke is important
because patients with neck pain frequendy
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comsult chiropractors and manipulation of the cervical
spine is commnonly performed for symptomatic relief."
Brissection of the vertebral artery is involved in most cases
that uuplicate cervical manipulaticm.” However, when
damage 1o the veriebral 'arter}* 15 ahsent, vast.}spasmm"l‘r’
and ‘subclinical’ endothelial mjury have also been hypoth-
csised o be causes of stroke. According to the VASOSPASITI
hypothesis. placing the head in retaton and hyperexten-
ston duving a manipulation leads to cousiderable stress
and streich forces in the vertebral aviery, specifically at
the C2/01 and cephalad/distal portion of the vertebral
avtery. ™ This mechanical compression oy stretching of
the vertebyal artervinay lead (o changes in blood flow and
the subclinical ijury to the vertebral artery can lead to
thrombosis. ™

Several stadies have investigated changes in blood flow
dving cervical spine motion.”™ Most studies Teport
a decrease in vertebral artery flow contalateral to the
side of rotation. ™ 5 [ egq i understood about blood
flow dining and after a cervical manipulation, but oo
stidies found no signtticant changes o vertebral artery
Bload flow or blood vetocity tollowing cervical manipu-
lation in healthy individuals. ™ ™ However, (e npact
ol cervical manipulanon on vertelwal artery blood How
i the popuiation likely o undergo this manoeuvre for
thevapeutic pirposes is unknown. Neck pain patients may
iter from that of healthy populations because moderate
fo severe perceived neck disability, as measured with the
Neok Disability Index (NDI) is correlated with cortical
hypoperfsion.”

Therefore, our primary aim was o determine whether
cervical manipadation leads o a meaningtul change in
vevichbral and cevebral hacmodynamics compared with
neuiral neck position or neck votation in adulc patients

with chvonic neck pain. Our secondary aim was to .

vompare the Mucdonal connectiviey within e default
mode ncowork {DMN} hetween neutral neck positon,
neck rotaton and cervical manipuladon. We Iypothe-
sisvd that cervical maripwlaton or maximal neck roo-
o is associated with sigrmificunt change in vertebral and
cerebral hacmodynamics compured with neunad neck
positton in adult patients with chronic neck pain,

METHODS

biugdy design

We conducted a crossover randomised controlled study.
In cach subject, we randomisced the sequence of cervical
manipuladon and maximal neck rotation and compared
their effects on cerebravascular haemodynamics. No
washout pertod was used between each intervention, It
was assumed that tie dme needed to measure the blood
haemodynamics allowed enough tme to return to their
baschne status. ™

Participanis

Patients who were eligible for the study were attending a
teaching clinie of the Canadian Memorial Chiropractic

College, Toronto, Canada between September 2016 aned
April 2017, We recruited participands via poster adver
tising displayed at (he teaching clinic, word of maowth and
referrals from the supervising clinicia
included, patients had to meet the foliowing criteria: (1)
at least 18 vears old; (2) chrowic neck pain (23 months’
duration) defined as either neck pan-associated disorder
or whiplash-associated disorder: (3) grade =II neck
p;u’u,j?' defined as neck pain with no signs or svmptoms of
major structural pathology, which HIAY O yay nol inter
tere with activities of daily living; (4} prescril
manipulavon by the clivician at the teaching clnic
supervising their care and (3) provide wattten informed
consent. Exclusion criteria were a history of neck pain
with associated arm phiu within the Tast 6 months; any
cwrent or hustory of nevrological symptoms nchuding
facial or extremity weakness, abmormal sensation o the
face, body, o extremitics, uncontolled MOVEIents,
abnotmal gait, dizziness, unexplained nattisea/vormling,
difficulty with speaking or swallowing; history of new or
severe (Visual Analogue Scale »6/10) headaches in the
last 3 months; any contraindications to MRT; or any history
of using drugs that aftect blood Hlow stch as wartarin, or
anticoagulancs. Tn addition, all participants rvelrained
from vigorous physical activity and ingesting alcohol and
caffeine 1day before their scheduled participation,

15 at the chimic. Tole

ol corvical

Randomisatien and masking

We used simple randomisation o allocate participants
to one of (wo sequences of interventions: (1) maxirmal
neck votation followed by upper cervical manipulaton
or (2) upper cervical manipulation fotlowed by maximal
neck romation. The study coordinator (NM) conducted
the randomisation using a randomised @bl generator
(GraphPad Softwarce, La Jolka, California, USA). The
random allocation was conumunicated verbally to the soudy
clinician (SM) on the duy of the study protocol. Randomi-
sation was concealed, no other scudy personact or rartici-
pants were aware of the intervention assignments,

Progedures _
Prior to commencement of the study protocol. partic-
ipants underwent a cervical spine examination by the
clinician (SM) performing the test manocuvres to iden-
ufy the site of manipulation. Bascline information on
each participant was collected and included: age, gender,
height, weight, NDI score, neck pain intensity, duration
of neck complaint and headache pain intensity (table 1)
Bascline MRI of the upper cervical spine and brain
with the neck in the ncutral positdon was conducted
before randomisation. Neuiral neck positing was defined
by alignment of the Franklort planc in a vertical orienia-
tion. For condinuity of neuural alignment during imaging
between test conditions, the MR] laser fand-marking tool
was used to trangulate between three oilbased markers
(vitamin E capsules) taped to the nasion ibridge of de
nose) aned immediately in front of the tragus of the cars,
bilaterally.
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Duration o_f_complaint (years}
NRS he:

NDI, Neck Disability index; NRS, numeticatrating scale.

Following random allocadon, eicher maximal neck
ratafion or cervical manmipulation was first performed,
followed by the other procedurc. Muximal neck rowtion
was achieved by instructing paricipants 1o rotite thewr
head as far as comfortably possible in the direction oppo-
site 1o the side of clinical symptoms as elicited during the
cervical sping examination. The clinician performing the
intervendons assisted the Totaton via a soft hand contact
an the patient’s head. The degree of maximal neck rota-
tion was measured by an inclinometer and the position
was hreld for 1 min before returning to neutral neck posi-
tion for MRT sequencing. The cervical manipulaton
procedure was a high velocity, low amplitide impulse,
with argeled contact at C1-C2 on the side of most
discomifort as elicited om palpation, with the participants
head in combined axial rotaton, flexion and lateral
Aexton postures. Variatons of head positons between
vpcrators for das procedure have been demonsirated
(0. be velatively simall *** A practitioner with >30 years of
praclice experience conducted the cervical manipulation
(SM3. ¥ The manipulation procedure was performed
on the adjustable and pivotal MRI bed in the MRI room
witli (he participant in the supine position. The clini-
ciun pertormed the procedure by first establishing the
end rvange of motion to determine appropriate preload
posidon for the manipulation before applying a clinical
force impulse in the coronal plane with minhmal rraclion
(.‘(:Hﬂl}(')nf’“l,.

Before each manoewre, the participants were queried
on thelr corafort, conditon and willingness to contnue.
The participant’s kead was repositioned neutral mme-
ciatelv after each manocuvre, and then rewacted into
the MRI bore. Each manoeuyre was carried out on the
scanver bed in the MRI room.

{utcomes

The primaly oltcolne measure ‘was cerebrovascular
haemodynamics within the vertebral arteries and poste-
rior cercbrun measured with MRIL The MRI data were
acquired using a 3Telsa MR75( scanner and 20-channel

neurovascular array radiofrequency coll (GE Healthoare,
Milwaukee, Wisconsin USA).

The primary outcome was mweasired following a stan-
dardised protocol. First, the baseline MRT was performed.
The head was immobilised witli sponges in a neuwral neck
position and a localiser scan was compteted. Next, high-res-
olution anatorical images were collected using a three-di-
mensional (3D inversion recovery prepped fastspoiled
gradient recalled echo Tlweighted scan  (vepetition
time [TR]/echo time [TEJ=11.4/4.3 ms, TI=430 s, flip
angle=12°, 512x256 matrix, 140 shces, 24cm field of view
[FOV], veconstucied to 1 mm” isotropic voxels). Following
the anatomical scan, microvascular perfusion was assessed
wsing a 3D spival-based fast-spin echo pseudo-contunuous
arterial spin labelling (TE/TR/TI=10.5/4620,1525 ms,
FOV=24cm, 512Zx8spival interleaves, 3NEX, reconsitucted
to give an inplane resolution of 1.875x1.875 [128x128)]
with 4yam thick slices, scan tme=30s). Following arterial
spin labelling (ASL). a phase-contrast scan for vertebral
artery flow quantificadon was performed. At the upper
cervical level C1-C2, the contralateral and ipsilateral verte-
bral arteries, defined to the direction of head IMOLan, weve
assessed and anatomical images were established (o locahise
the veviebral artery civculation. As previonsly published by

Ho et ol the method for obtaining flow quandfication of

the vertelbral artery was a wo-dimensional phase-contrast
pulse sequence. To captire accurate veriehral artery MNow,
the imaging plane is ideally perpendicular to the cenaral
axis of the blood vessel. This imaging plane was selected
on the vessel of interest ar the CI-C2 intervertebral fevel
based on arterial visualisation on a maxhmun intensity
projection of a 3D dme-oftlight MRI angiogram. Acoi-
sition paramelers were as follows: fast gradientrecalled
echo, echo tme/repeat time=3.4/8.9 ms, flip angle=20,
20 cm FOV: 512x512matrix: 244Hz/pixel receiver band-
width; 1 average; 4 thick; and veloclty cucoding of 50
em/s encoded over 30 pliases per cardiac cycle. All image
measurements were obtained by manually sclecting the
optimal anatomical sitd berween the base of the odontoid
process and ~1em abuve the dp of the dens. Data acqu-
sition was iggered by 'lJCl‘ipl‘lt,‘I'di gAlng using a pudse
oximneter, with sequence acguisiion timie Tor cach flow
measurement being ~1.5min, depending on heart vate.™
According to Lotz ¢ al, vessel obliquity is tolerable to 15",
above which will cause z significant deviation from tue
flow, ™

The sccondary outcome IDeasure was functional
connectivity within the DMN, For baseline measure-
ment, this was performed immediately followiag e
phase-contrast MRT, but prior to manipulation. Resung
state functinnal MRT daza {ie, blood oxyeen tevel depen-
dent, BOLD signal} was acquired using a gradicnt echo,
echo planar imaging sequence (64 matrix, 28 axial
slices [Hmm thick, no skip], 24am FOV, TE/TR/fip
angle=5h ms/20000ms /907, 180 wemporal points, total
scan time=Hmin). During the resting state scan, partic-
pants were asked to keep their eyes open, sy awake and
not think of anvthing in particular.
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Following the baseline MRI scan, the image sequence
1o obiain the primary and secondary outcomes changed
to the following: 3-plane localiser, ASL, phase-conlrast,
resiing seate MRI and 3D anatomical scan. The lacter
{three were always perfonned with the 3D anatomical last
seeing as microvasaudar changes (ie, bicod flow) were

more likely to be detected early after the cervical manip-
wlation and maximal neck rotation, while swuctural
changes (e, 3D scan) would not be expected o ocour
Participants were scanned a total of three times for each
session: baseline, and tweo procedures in random orden

After testing, each participant was observed for Thour
and contacted by a sudy coordinator (NM) withinr
24 howirs of 1elease [or followup on status. Adverse events,
defined as side effects thal are hawmful, were assessed
via apen-ended qnestinus;"' These included local sore-
ness and pain iu the avea of the applied test manoeuvres
fminor adverse events), as well as signs of stroke ot tran-
sierii tschaemic attack (major adverse events).

Statislical analysis

Previows research examining reproducihility of cevelnal
perfusion measurements using ASL suggested that the
mean per cent perfusion difference was 7.1 {8D £12) *
To date, no study has provided informadion on cerebral
blood flow and perfusion after mechanical challenges to
the cervical spine.#‘d’ Since minimal chinically important
differences have not vei been established, we chose (o
calenlute the study sample size by assuming an effect size.
We assumed thata change of atleast 2 SD from the normal
meart (low would indicate a significant vaviahility of the
haemodynamics w (e mechanical chalienges performed
o the cervigal spine. Based on this effect size, a power of
S04, u significance level at p<0.05and two-sided test, we
cabeulated that a sample size of 16 pardciparnis was neces-
sa_ay":" We increased oul sample size by 20% (=20 partic-
tpants) to account fur possible dropouts.

Au experienced analyst (MB), who remained blinded
to tie sequence of test manocuvres, performed the data
quanification of the primary and secondary outcomes.
Microvascalar perfusion and resting state MRI data
were analysed using analysis of functional ncuroimaging
(AFNI).™ For each participant, all ASL and resting state
MRI data were spatially registered to the inital (neutral
condition) position. Anatomical, blood flow and func-
tional data were wansiormed automatically o the
Colin27 attas, using the AFNI command @auto_tlre, with
functional data resampled to a 2mm isometric grid.‘};
Temporal baudvpa.is filrering with cutoffs of 0.009Hz < {
< 00K Hz was performed in order Lo suppress unwanted
physiological signals and some hardware nnise.’” Func-
tinnal connectvity within the DMN was assessed using
the AFNI plugin Jnstalors, a sced-based approach, which
uses the Pearson method of carreladon to compare time
.s:_ignals.” The DMN is the most dominant temporally
correlated resting neowork in the awake brain, defined
s regions positvely correlated in time with the posterior
cingulate cortex (PCC) seed voxel. The PCC was defined

automarically nsing the AFNI Talairach method “Talaivach
1o’ and selecting a single voxel from each the left and
right PCC for one analysis (CohnuN27 coovdinales: 10,
54, 14 and - 10, 54, 14). These were both subsequently
fused n the post processing. A 5 mon with full width at
half maximum (FWHM) Gaussian spatial smoothing
filter was applied for maximise likelihood of overlap wi th
interparticipant group analysis. Also, temporal owtliers
determined with the AFNI functon 3dToutconunt were
censored out. Finally, the AFNI plugin 3d ClusiSim was
used to threshold any clusters with fewer than 20 voxels.
The ASL cerebral blood flow data were analysed sinitar to
vesting state MRT in that following spatial coregisoation
to the neutral condidon and spatial bharring with a 5mm
FWHM Gaussian convolution kernel, ASL data were
warped to the N27 atlas. Group analysis was accomplished
using a repeal oneway within-participant AD-analysis of
variance (ANOVA), with the one factor being neck posi-
fion. Post hoc testing included contrasts between newtral,
maximun voluntary rotation and cervieal manipulation,
and also a conirast between maxinmum voluntary rotation
and cervical manipulation. Staustical significance was
defined as anything lower than an aipha value ol 0.05,
with priov cluster thresholding dealing with multiple
compartsons. *

Flow analysis was performed using Segment V.1.9 soft-
ware 47 (Medviso, Lund, Sweder). Dynamic regions
of interest were drawn on the left and right vertebral
arteries (o quantifly the mean, as well as peak velodity and
ftow. Daia in che trigger window portion of the cardiac
cycle were derived by spline inteipolation using Matlab
(Mathworks, Natck, Massachusertts, USA). Meuan and 5Ds
were calculated for vertebral ariery blood velooiy, {low,
peak velocity and peak flow for each of the head condi-
tions and vertebral artery side. Differences hetween taslk
manocuvres and vertebral avtery low and velocity were
evaluated using a two-way ANOVA with factors for partici-
pants and head position. The level of significance was sct
4t 0.05. Analyses were conducted using Reproject V211201
(R Development Core Team, 2010, R: A language andd
cnvirorment for statistical computing, R Fuoundation for
Statistical Computing, Vienna, Auscria. ISBIN 3-900051-
07-0, URL hup:/ /www, R-proj cct.org/) and SAS softwarce.
Vertebral artery blood flow variability was calculated over
the 30 phases per cardiac cycle by examining the flow
errorsin the leftand rightvertebral arteries for cach of the
conditions. Additionally, we analysed the impact of order
of procedures by examining the interaction between
order and head position in the two-way ANOVA™

RESULTS

Between September 2016 and April 2017, a total of

936 pardcipants were screcned for the study: 916 failed
prescreening {figure 1). Most did not meet the inclusion
criteria (n=890); 446 participants were found to have
acute neck pain (<3 months of duradon); 1Y participants
had pain in the upper extremity and/or were identified
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Assess for eligibiiity
{n=236}

¥

¥
{ fandomised {n=20} J

/'Exciuded {n=9186) \

s  Not meeting inclusion criteria
{n=890)
» Declined to participate {n=3)
e Other reasons {lack of
transportation and/or unable to
attend for data collection {n=23} /

v

{ Allocation J

hd

Neutral neck position
{20}

l

Maximum
rotation
{n=8}

Manipulation
{n=12)

daximum

Manipulation rotation

(n=8) {n=12)

Arsalysis

9

[ Analysed {n=20) }

Figure 1 Protocol flow and method process.

ior have radicular symptoms: 216 participants were not
receiving spinal manipulative therapy to the cervical
spine as part of their ongoing treatment; (8 participants
reporied 8/ 10 headache intensity on average; 15 partic-
fpan(s Were using anticnaguiants; 3 participants declined
ln participate; 23 participants were either unable to
acquire transportation fo the study location or unable
to attend the scheduled time. Twenty participants (14
female, 6 male) aged 2566 years (imean [SD], 32 {+12.5]
yoars) were enrolled in the study. The average NDI score
was 13,50 (8D £6.4) with an average neck pain intensity
of B/10 (SD 9.1} and a mean duration of neck pain of
5.4 years (8D +5.7) (table 1).

The total time elapsed for each participant testing
protocol was Gmirn. The ctotal dme clapsed for each

fest manoneuvre was ~20min. This included applving
the test manoeuvre (maxitnum of 1 min), replacing the
participant back into the MRI bore (~1min) and image
sequencing as nated above (~18min}.

When compared with neutral neck position, maximal
neck rotatinon and cervical manipulaton did not signili-
cantly alter cerebral perfusion within the posterior
cerebrum or cerebellum {mble 2). A significant change
was found in both contralateral vertebral artery blood
flow and blood velocity between the three procedures
(table 3). When comparimg interventions o discern
which interventions were different, we found a significant
difference in the contralateral vertebral artery blood flow
bemween neutral and maximal neck rotation (0.26mL/
min, 95% CIL 0.11 to 0.41) as well as between cervical

Mesar N, et ai. BV Open 201%,8:2025219. dois10.1 136/omiopen- 2015-026219
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determing erlal spl

Cerebrumn and cerebellum regions of
interest (ml./100g/min}, mean {85% cly

Gerebellar tonsils

Neutral

| eft cuneus, left middle occipital gyrus

£9.2 (60.6t0 77.8)

£6.5 (53.1 to 79.9)

48.4 {41.6 1o 57. 1)

Manipulation Maximum rotation F

68.2 (60.6 10 75.8)

36.1 {30.1 to 42.1)

61.0 (48.4 10

46.9 {38.8 to 55.0)

manipulation and maximal neck rotation (0.23, 95%Cl
0.04 (o 0.42}. We also found a significant diffevence in
contralateral vertebral arlery blood velocity between
neutral and cervical manipulaton (1.15, 95% Cl 0.4 o
1.07 and between neumal and maximal neck rotation
(1.18, 95% (1 0.77 1o 1.59) (table 43, Finally, we found no
significant differences in flow variabilicy within the verte-
bral wricries between the interventions (online supple-
mentary figures | and 1.

We menstred a significant increased functional connec-
Gvity pustmanipulaton (p<0.03). More specifically, when
compared with the resting posidon, the following areuas
showed  significantly imercased functonual conneclivigy:
wrula, cerebellar tonsils, lefe fusiform gyrus and left
middle temporal gyTus. right nuddle temporal gyrus,
nght middle nccipital gyrus, bilateral cuneus. left precu-
neus and Teft middle occipital gyrus {online supplemen-
tary table T).

When examining for an order effect of experimental
procedures on outcomes, we found a significant order
effect only for contralateral vertebhral artery blnod velocity
{table &, p=002). For subjects receiving the manipula-
lion Orst, (he difference in contralateral velocity between
manipadation and maximal rotation condidons 18 on
average 1L50 om/s (U3% €1 -0.15 to 1.16), whereas itis on
average —(L60 cm/s (95% CL-1.54 o .54} if they recetved
ihe manipulation second, That is. velocity s higher for
which ever condition comes [irst.

No major adverse evenls were reported. Omne minor
adverse event, mild neck soreness, was reported immedi-
ately post procedure by one parficipant. The participant
actributed the soreness o having to lay motioniess o the
hard scanner bed during study protocol.

DiSCUSSION

Our primary objective was (O Ass€ss the cevehrovascular
and vertebral artery blood flow and velocity changes
between various head posidons including cervical manip-
ulation in padents with chronic neck pain. We found
no significant cevebral perfusion changes within the
posterior cevebrum or cerebeihunt. There was, however,
a significant change in G contralateral verwebral artery
blued flow following maximal neck rotation, We found
similar changes in the conwaluteral vertebrdl  arkery
blood velocity following both cervical manipulation and
maximal neck rotation. We found no stgnificant change
in blood flow variability between the vertebral arteries,
nor between the various head positions. The decrease m
contralateral blood flow to the side of maximal rotation
SUPPOrES Previous studies.'® The finding of non-signit-
icant change in blood flow ipsilateral and contralateral
to the side of cervical manipulation is also consistent
with previous works ™ S Unlike previous work, our
results suggest a significant change in contralateral

blond velocity Tollowing cervical manipuiation and

Neutral,
mean {3D)

Gervical manipulaiion, Max rotation,
mean (SD)

mean (Sﬁ) F P value

\ielt:a :

Velocity {cm/s) bontra%atera! 15.6 {3.3) 14.4 {

Flow {mL/s) contralateral

1.88 (0.8

)

2.6)

.85 (0.82)

1.62 (0.76) 6.94 0.004

I test from two-way ANOVA inciuding subject and condition as factors.

AMOVA, analysis of variance.
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Neutral— cervical

manipulation,
mean {95% C¥)

F!ow (mLJs) contralateral

1.15 (0.40 to 1.90)

0.03 (-0.1310 0.19}

Cervical manipulation—
max rotation,
mean {95% Cl)

Neutral —max rotation,
mean (95% Cl)

118 (0.77 to 1.59) 0.03 (-0.53 to 0.59)

0.26 (0.11 to 0.41) 0.23 (0.04 to 0.42)

iaximal head volation. Given the changes in vertebral
artery haemodynamics are more pronaunced following
maximal head rolation compared with cervical manipu-
lation. specifically in contralateral flow, the changes may
he the vesult of the head mrning rather than the effect
of die thrust associated with cervical manipulation. This
assumption is supported by Herzog of al who suggest that
cervical manipulaton imposes less sin tch to the vertebral
artery than the muming of e head.'®

No veference values for minimally chinically important
differences in the verchral artery blood flow und veloe-
ities have been established. However, haemodynaniic
stenosis has been Jong considered as a dianieter reduction
of »50%, which in the vertebral artery has been associ-
ated with 2 peak and end-diastohic flow >108 and 36cm/s,
mspacu\-e]y M As suggested by Licht el al" a change in
peak velocity of 225% from baseline would be necessary
for clinically relevant decrease in the verlebral artery.
We abserved no such reductions in our study. Further-
mowe, an arbitrary threshold of 200 ml./min netvertebral
artery flow volwne was originally proposed and below
this value patients were said to be at risk nf becmnmg
sympomatic with vertebrobasilar ischaernia™® Seidel o
af, however, reported that net vertebral artery blood flow
volume of less than ~100mL/mn rem be considered as
an indicator of low blood volume. ' In oo study, the net
vevtchral artery blood flow volume showed that in both
experimental procedures, values remained »200ml./min
(299mL/min for cervical manipulation and 20%5ml./
min for maximal neck romaiion}. When examining flow
thanges. the lavgest change was 14%, which occurred
i the contralateral vertelbwal artery following maximal
rolation. When we examined the vertebral artery blood
velocities, we found a 7% change for both cervical marnip-
wluion and maximal rotation compared with newmal.

Therelare, the relative biood flow and velocity changes

observed are small and not considered climically relevant.
Continuing, none of the participants during any of the
experimental pr ocedures reported, or were ohserved by
the investgators, (o have any sigus or symploms of neuro-
logical compromise. Although vertcbral artery blood flow
and velocity reductions can occur with head positional
changes. the individua! ypically remains asymplomatic
due to acvucd de{Ulb mcluding the presence of collateryl
civeuladon,™ ™ In the present work, this was lastrated
by the preservation of cerebral perfusion despiie the
changes in contr alateral vertehial artery hacmudynumics,

Vertebrobasilar ar te:y stroke secondary to vertebral
artery dissection 15 a rare but devastating occurrence. o
A unique charactf:ristlc of these strokes is that they can
develop in healthy aduls and they frequendy occur
in close temporal relationship to benign neck moves
ments, R cervical l‘l]anpu]dthl] T oor trivial rauma. i o4
Due to the rarity of the conditon, very Hide & known
about the risk factors for vertebrobasitar artery stroke.
Orar study extends the understanding on the effects of
cervical manipulation on vertebral artery and cerebrovas
cular haemodynamics. It is also the first study to directly
measure the impact of cervical spinal manipulaton on
intracranial and extracranial blood flow in a chronic neck
pain population. Together with previous work,™ *

results support the position that the association bhetween
rervu“ﬂ manipulation and stroke 1s due (o pl()l()pﬂlhi(
bias.

When compared with a neutral neck positon, both
maximurm voluntary neck rotation and cervical manipula-
tion resulted in significantly increased funcdonal connec-
fivity throughout the DMN as seen on the BOLLD signal.
Changes in the BOLD signal arise from complex inter
active modulation of blood flow, blood volune and local
metabolic rate, all leading to change in he local ratio of
oxyhaemoglobin to deoxyhaemaoglobin. This ratio drves

aur

Order by position
interaction

Neutral— cervical
manipulation

Cervigal manipulation—
max rotation

Neutral—max
rotation

FoouP value

2,23, 0.045

'Fiow (ml/s) contralateral

0.06, 0.95

t

0.24, 0.81

p value it ., pvalue t,,. p value

2 47,0.830

0.37,0.72 0.08, 0.93
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the change in BOLD signal through magnelc suscepu-
bility dilferences (hat exist between oxidation states of
the liaemoglobin complex. The areas affected within the
DMN Thave

heen wdeniified as being involved with func-
- R - - £ .

ioms of visually guided eve movements, % facial and word
recognition, & visuospitial processin gf' episodic memory,

reflection on sefl” and consciousness.” The observed
ierease in funcuonal conrectivity may be a consequence
of sensory stimulation and patent self-awareness from
handling of & body region such as the neck. When exam-
ining the aforementioned areas specifically for changes
in hiood dow using ASI, no significant changes were
observed benveen any of the test head conditions. This
strongly suggests that e observed increased functonal
connectvity were not a result of altered blood flow but
secondary o changes iu eicher blood volume or meta-
holic actvity,

Our smdy had siwengths. First, onr design ensured
comirol of confounders and provided statistical eifi-
ciency. Second, we used phase-contrust MRI blood flow
measurement hecanse of its greater sensitivity compared
with Wivasonography (which would not have been able to
adequately penetrate through bone to probe the vessels
we wanted to measure), and because it is considered the
criterion standard for both diagnosis of vertebrobasilar
30T Porhmates
of repeatability of flow measures were made in prelimi-
nary work by quantifying vertebral artery flaw in a single
hiealthy pariicipant (wice over a Zanonth interval.™

A limitation of the study was the restrction of analysis
o a thne (avevage 1103) following the test inanoeuvres.
Realtinie measures currenty ave technically not feasible

artery stroke and quantifving blood flow.

and pansient effects of various neck posidons on verte-
Pl artery and cerebrovascular haemodynamics may have
beent missed. Posi manoeusre analysis makes compari-
soms widh other reaktime studics challenging. Thus, the
results only describe post procedural cffccs and cannot
be generalised to the possible effccts occwring during
the testuanoeuvres. Flowever, it s notable that to be clin-
ically relevant, sustained changes would Iikely he required
it would extend into die sumpled wne interval of this
stady. Moreover, Uie possibility that neck pain partici-
panits exist who exhibit idiosyncratic responses cannot
be excluded. To date, no such mechanisms have been
measured and reportee in the licerature,

In conclusion, we found no significant change in blood
flow in the posterior cerebrum or cerebeilum in chronic
neck pain participants after maximum head rotation and
cervical manipulation. In addition, we found no chinically
mezaningful changes in tie blond flow or velocity in the
vertebral arteries before-after head positional change
and spinal manipulation. Our stady adds to a growing
body of knowledge regarding the impact of head posi-
ton and cervical manipulation on vascular and neural
actvig in patients with seck pain. It is the Orst study to
measure cerebral blaad flow, vertebral artery blood flow
and velocity in patients undergoing neck manipulation
for neck pain. Our study does not support the hypotiesis

that neck manipulation or neck rotation are associawd
with vasospasm of the vertebral artery.

Patient and public involvement
Patients and public were not involved in the development,
design, recruitment and randomisation of this study.
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