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Anatomical abnormalities of the cervical spine at the level
of the Atlas vertebra are associated with relative
ischaemia of the brainstem circulation and increased
blood pressure (BP). Manual correction of this mal-
alignment has been associated with reduced arterial
pressure. This pilot study tests the hypothesis that
correcting mal-alignment of the Atlas vertebra reduces
and maintains a lower BP. Using a double blind, placebo-
controlled design at a single center, 50 drug naı̈ve
(n¼ 26) or washed out (n¼ 24) patients with Stage 1
hypertension were randomized to receive a National
Upper Cervical Chiropractic (NUCCA) procedure or a
sham procedure. Patients received no antihypertensive
meds during the 8-week study duration. The primary end
point was changed in systolic and diastolic BP compar-
ing baseline and week 8, with a 90% power to detect an

8/5mm Hg difference at week 8 over the placebo group.
The study cohort had a mean age 52.779.6 years,
consisted of 70%males. At week 8, there were differences
in systolic BP ("1779mm Hg, NUCCA versus "3711mm
Hg, placebo; Po 0.0001) and diastolic BP ("10711mm
Hg, NUCCA versus "277mm Hg; P¼ 0.002). Lateral
displacement of Atlas vertebra (1.0, baseline versus
0.041 week 8, NUCCA versus 0.6, baseline versus 0.51,
placebo; P¼ 0.002). Heart rate was not reduced in the
NUCCA group ("0.3 beats per minute, NUCCA, versus 0.5
beats per minute, placebo). No adverse effects were
recorded. We conclude that restoration of Atlas alignment
is associated with marked and sustained reductions in BP
similar to the use of two-drug combination therapy.
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Introduction

It is well know n that achievement of blood pressure
(BP) goals in more than 70% of hypertensive
indivi duals requires two or more antihype rtensive
agents.1 Based on the most recent NHA NES 1999Ð
2000 data, BP control in the US has not impr oved
signifi cantly .2 Moreover , many people have
searched for alternative methods for lowe ring
arterial pressure.

Since the earl y 1940s, a small cadre of chir opractic
speciali sts have foregone typical Ôful l -spine manip -
ulationsÕ, li mi ti ng their practice to precise, del icate
manual alignment of a single vertebra, C-1 or At las;
these practi tioners make up the National Upper-
Cervical Chiropractic Association (NUCCA). Unl ike
other vertebrae, which in terl ock one to the next, the

Atlas rel ies solely upon soft tissue (muscles and
ligament s) to mainta in alignment ; therefore, the
Atlas is uniquely vul nerable to displ acement. Dis-
placement of C-1 is pain free and thu s, remains
undiagno sed and untreat ed, whereas health-related
consequences are attribut ed to other aetiologi es.

Minor misali gnment of the Atlas vertebra can
potentia lly injur e, impair , compress and/or compro-
mise brains tem neural pathw ays. The relations hip
between hypertension and presence of circulator y
abnormal ities in the area around the Atlas vertebra
and posterior fossa of the brain has been know n for
more than 40 years.3Ð5 Studies by Jannetta et al.6

note arterial compression of the left lateral medulla
oblongata by looping arteries of the base of the
brain in 51 of 53 hypertensive patien ts who under -
went left retromastoid craniectomy and microv as-
cular decompression for unrelat ed cranial nerve
dysfunct ions. Such compression was not present
in normotensive patients. Treatment by vascular
decompression of the medulla was perfor med in 42
of the 53 patients and amelioration of hypertens ion
was noted in 76%.6 Moreover, studi es to clarify the
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mechani sm by whic h decompression of the left
rostral ventrol ateral medull a reli eves neurogeni c
hypertens ion are summarized in a review .7 It is
clear from these studi es that a sub-popul ation of
hypertens ive patien ts impro ved their BP after
microv ascular decompression.

Changes in the anatomical posit ion of the At las
vertebra and resultant changes in the circul ation of
the vertebral artery lend itself to worsen ing of
hypertens ion. Recent studi es by Aki mura et al.8

using magnetic resonance (MR) imaging examined
hypertens ive patients and compared them to con-
trols, evaluat ing the relat ionshi ps between the
upper ventrolater al medull a and vertebral arteries
and branches. They noted compression in 90.6%
of 32 hypertens ive cases, this was in contrast to
control s and those with secondary hypertension
who fail ed to demonst rate a signi fican t incide nce of
compression. Further more, two other studi es using
MR imaging techni ques also demonst rated a sig-
nificant association between compression of the
vertebral artery and changes in the posterior fossa
of hypertensive but not normot ensive indivi-
duals. 9,10 Thus, alterati ons in Atlas anatomy can
generate changes in the vertebral circulati on that
may be associated with elevated level s of BP.

This pilot study examin es the relations hip
between nonsurgi cal interven tions to align the At las
vertebra and long-t erm changes in BP and heart rate.
The crit eria used in this study to establish efficacy of
an antihypertens ive effect are those defined by the
Food and Drug Adminis tration for approv al of a new
antihype rtensive drug. Specifically , i t would require
a blinded design with a placebo-subtracted reduc-
tion in diastolic BP of 5 mm Hg or more and be free
of serious side effects to be approv able.

Materials and methods

Study design
The study design used was randomize d, double
blind, with a placebo control . Patients were rando-
mized using a list of randomization numbers and
treatment assignments for each of the patients at one
site. The trial was condu cted in accordance with the
Good Clini cal Practice/Intern ational Conference on
Harmon ization guidel ines, wit h mandatory signed
informed consent for study partic ipation and ap-
proval by the Western Inst itutional Review Board.

All patien ts were compute r randomi zed into
Treatment and Control Groups and were washed
out of their current BP medic ations for 2 weeks.
Patients who se BP exceeded 159/99 mm Hg on two
separate visits during this tim e were excluded from
the study. A summary of the recrui tment and
randomi zation of patien ts is noted in Figure 1.

The inclus ion criteri a to enter the study were (a)
age between 21 and 75 years; (b) posit ive preli min-
ary screening for evidence of At las misalignmen t
(throu gh supine leg-length check protoco l, see

below); (c) documented hist ory of Stage-1hyperten-
sion; (d) capacity /willingnes s to execute Infor med
Consent documents . People were exclud ed if (a)
they had no physical eviden ce of Atlas misalign-
ment on preli minary screening (thro ugh supine leg-
length check protocol , see below ); (b) had stage-2or
higher hypertension, and/o r prescribed regimens of
two or more antihypertens ive medic ations ; (c) had
incapaci ty/ unw illingnes s to suspend antihyperten-
sive regimens for screening/study dura tion; (d) had
second- or thir d-degree heart block witho ut pace-
maker or concomi tant refractory angina pectori s;
(e) had a recent (o 12 months) stroke, MI, or
cardiova scular surgery; (f) body mass index
439 kg/m 2; (g) had active drug/al cohol addiction
(or abstinen t o 1 year); (h) psychiat ric diagnosi s;
(i) had life-th reatening medic al diagnosi s;
(j) were pregnant ; (k) had hist ory of osteoporosis,
cervical fractures , cervic al surgeries or prior At las
alignment by National Upper -Cervical Chiro practic
Associat ion (NUCCA) protocol s; (l) had unwil ling-
ness to forego other chiroprac tic/oste opathic ser-
vices for study durati on or (m) had unwil lingne ss/
incapaci ty to execute Infor med Consent documen ts
and/or to comply with patient-pool requir ements for
screening-period/st udy durati on.

Outcome assessments
The prim ary end point in this study, change in BP
from baseline, was determined from a mean of three
sitting cuff BP measurements with an appropriate
sized cuff as outlin ed by the Am erican Heart
Associat ion guidelines and described in the Joint
National Commi ttee Report (JNC 7).1 If at any time
during the study, BP was 4159/99 mm Hg on two
consecutive visi ts 1Ð3 days apart, the invest igator
was to consider withdraw ing the patient from the
study. Duration of the study was 8 weeks. Visi ts
were scheduled every week up to the 8th week. At
each visit, patients were assessedfor vital signs, and
adverse events.

Total Participants Screened 
N=78

Met Inclusion Criteria 
N=50

RANDOMIZATION 

NUCCA 
N=25

PLACEBO 
N=25

 Total Completed 
N=25 

 Total Completed 
N=25 

Figure 1 Randomiz ation of patients.
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Pre-intervention atlas assessment protocol
Patients were referred to the NUCCA practi ti oner for
the fol lowi ng fi rst-vi sit assessments: (a) supine leg-
length check (a misal igned Atlas result s in leg-length
dispari ties, apparent in comparisons of heel posit ions
wh en patient l ies in a supine positi on, when the
patient is instructed to turn his/her head to the left or
ri ght, the heel-positi on dispari ty changes. Heels that
appear parall el to one another, or that remain static
on head-turning, signal that the At las is not mi s-
aligned); (b) paracervical skin temperature determi -
nation; (c) postural analysis: NUCCA developed
propri etary assessment device, known as ÔAnat-
ometerÕ, (Benesh Corp., Monroe, MI , USA) to provide
pertinent diagnosti c detai ls of postural asymmetries.
It features Left and Right weight-beari ng scales and
other cal ibration mechanisms designed to provid e
cl in ical measures of At las misal ignment. Those
measures in clude: (i) degree of pelvic di stortions in
the frontal and transverse planes; (i i) pelv ic di stor-
ti ons in the horizontal plane, in dicated by unequal
distances (left versus ri ght) betw een the il iac crests
and the soles of the feet; (i i i ) lateral spinal-column
displacement at C-7 or T-1, also measuring Atlas
mi sali gnmentÕs typical Ôhead-til tÕ; (iv) weight-bearing
in equali ti es, left versus right, as cal ibrated by a pair
of weight-sensiti ve platforms (electronic scales)
coupled to transducers, with values reported in
digi tal read-outs, of the port ion of total body weight
supported by each foot. (d) Pre-Ali gnment Cranio-
cervical Radiographs: Three X-ray vi ews to measure
and visual ize (in three dimensions) the At las mis-
alignmentÕs precise degree and ori entati on, speci fi -
call y: (i ) Lateral C-Spine: (to pin point AtlasÕsagittal
posi tion, for best vi sualization of i ts posterior-arch
attachments, Atlas posit ionÕs most rel iable land-
marks, to in form optimal central-ray di rection/angle
for the Nasium view); (i i) Nasium: front-on AP skul l
view, wit h central ray aimed toward the infra-orbit al
metal l ine; (i ii ) Vertex: through the crown of the skul l
and into the neural canal.

These data were then used to determine proce-
dure plan ning. Specifical ly, the postural assessment
protocol s (supi ne leg-length checks, paracervical
skin- temps and Anat ometer readings), and measure-
ments from the three cranioc ervica l X-ray view s
were review ed. Film diagnosi s is condu cted as
follows : the clinicia n locates physiol ogical land-
marks to mark pencil lines at Ôvertical axisÕ(perfect
Atlas alignment ) and the center of the skull on the
Nasium view , then uses a protra ctor to measure
physiol ogic angles that deviate from them, view by
view , in order to visual ize, in three dimens ions, the
Atlas misalign mentÕs degree and orient ation. Based
on those findin gs (measured in degrees), the
princi ples of biomechanics, and his/he r own ex-
perienc e, the clinicia n plans the proper stance, force
vector and Ôphysiologic geometryÕ for the subtle
interv ention. All of these measurements were
carried out at baseline and repeated after the
procedu re during the first visit and again at 8 weeks.

It should be noted that this techn ique requires
special training and is used only by NUCCA
practiti oners. It has some variabili ty, as i t is operator
dependant like most surgical techniq ues.

Alignment intervention
Treatment group. The patien t is posit ioned on a
low (8-inch ) side-posture table, depend ing on mis-
alignmen tÕs orientati on), with head precisely placed
on a curv ed, mastoid support, whic h serves as the
interven tionÕs ÔfulcrumÕ.Several measurements in-
form clinicia nÕs optimu m body stance and vectors
relative to the patient. For precis ion, support and
control , the clinicia n fir mly clasps the non-domi-
nant hand around the dominan t wrist, and then
precisely positions the dominan t handÕs pisi form
on the appropri ate ÔcornerÕof the Atlas transverse
process, to use it as the interv entionÕs Ôadjustment
leverÕ.A series of precise, subtle, external nudges
causes Atlas to recoil into normal ized alignment,
reseating occipital condyles into At lasÕ lateral
masses.

Control group. The sham interv ention was de-
signed to be ind istingui shable to the patient from
an authent ic alignment, possibl e only becauseof the
delicacy of the procedure. This groupÕs interven tion
was iden tical to that employe d for the Treatment
Group except the clinicia n intent ionally and slightly
misplaced the patien tÕs head on the (ÔfulcrumÕ)
support device and misplaced his hands, intent ion-
ally to miss the AtlasÕlateral-mass contact poin t for
the crucia l Ôlever nudgeÕ.

Post-intervention assessment
After the treatment or sham procedu re was per-
formed , there were repeated measurements of
all of the aforementioned variables. To preserve the
study blind, sham Ôrealignme ntsÕand assessment
protocol s were scheduled for members of the control
group. Eighty-fi ve percent of treatment group re-
quired only one inter vention (remained Ôin At las
alignmen tÕ)dur ing visi ts over the two month course
of the trial.

X-ray measures of ATLAS position
Pre-and post-adjust ment measures of both lateral
and rotational orient ation of the Atlas were per-
formed at baseline. In addition it is assessed if the
treatment was persistent and wheth er there is a
signifi cant difference between treatment and control
groups at baseline, after baseline adjustmen t and at
8 weeks. The critical factor in each case was not
the direct ion of Atlas orient ation but rather its
magni tude (absolute value) , as this ind icated how
far the C1 vertebra was from its desired anatomical
position .
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Statistical analysis
The study was designed to have 90% power for
detecting a difference of 10 mm Hg in systolic blood
pressure (SBP) change between the treatment and
control groups with 25 patients per group, antic i-
pating a 10% dropo ut rate.

Demographic and baseline characteristics were
compared using t-tests, PearsonÕs w2 tests and Fisher
Exact tests as appropri ate. The prim ary analyses
used t-tests to compare the change in BP from
baseline to week 8 between the two groups. The one
dropou t was exclud ed from the control group. As
the drop in BP at week 4 for that patient was less
than the mean drop in the control group. Excluding
that patien tÕs results was conservative. Secondary
analyses used analysi s of covariance to adjust for
baseline level, and to estimate the treatment differ -
ence. All tests were two-si ded and P-values less
than 0.05 were consider ed signifi cant. Paired
t-tests were used to determine if change from
baseline to 8 weeks was signifi cant with in groups.

We compared pre- to post-adjustment values at
baseline with in each group to ensure that treatment
had been effective in the treatment group and that
no signi ficant differen ce in conditio n occurred in
the control group. We also compared post-adjust -
ment at baseline to the 8-week measure. Baseline
compari sons in the control group were impor tant
both in terms of establishing no treatment effect as
well as in terms of verifying that no harm was done
by the sham adjustment . Compari sons of baseline to
8 weeks were impor tant in the treatment group to
verify persistence, whereas they were impor tant in
the control group to ensure no spontaneous adjust -
ment might explai n a potential lack of difference in
the two groups.

The hypot hesis behind the At las adjustment
suggests that misali gnment involves either a dis-
placement from an optim ally centred location or a
rotation away from an optim ally angular orientati on
(as determined by X-ray). For this reason, we

examin ed absolute values of the rotational and
angular components rather than the signed values.

Results

Cohort distribution
Fifty patients were screened and enroled into the
washout period from one clinic between September
2004 and February 2005. All 50 patien ts were then
randomi zed and comple ted the study.

Baseline characteristics
The demographic and baseline characteris tics of
the randomized cohort are shown in Table 1. No
difference s were noted between groups.

Primary outcome
The prim ary efficacy analysis include d all 50
participant s who had BP, pulse rate and Atlas
measurements perfor med, Table 2. This relations hip
also held when the changes in treatment effect were
adjusted for baseline SBP ("13.272.9 mm Hg;
Po 0.0001) and diastolic blood pressure
("7.672.3 mm Hg; P¼ 0.002). All the resul ts are
summariz ed in Table 2.

Secondary efficacy end points
A summary of the X-ray changesboth pre- and post-
procedure throughout the study is noted in Table 3.
It is notewo rthy that the differen ce in both rotational
and lateral positioning persisted for 8 weeks, as did
the reducti on in BP, Table 3.

Given that most singl e agent antihype rtensive
agents yield an 8 mm Hg drop in pressure in people
with Stage 1 hypertension , an analysi s was per-
formed to evaluate the percentage of people with
greater than this effect in the two groups (36%
control versus 88%, NUCCA; P¼ 0.0002).

Table 1 Baseline descript ive characteristics

Variable All Control Treatment P-value
Mean7s.d. Mean7s.d. Mean7s.d.

n 50 25 25
Age (years) 52.779.6 51.8710.9 53.678.3 0.51
Systolic BP (mm Hg) 148.676.9 149.976.2 147.377.4 0.19
Diastolic BP (mm Hg) 91.776.0 91.975.8 91.676.3 0.83
Pulse rate (beats/min) 73.5710.8 73.3711.3 73.6710.5 0.92

Demographic/ethnicit y (%)
Men 70 80 60 0.12
Race 0.49
Caucasian 96 100 92
African-Ame rican 0 0 0
Multi-racia l 2 0 4
Hispanic 2 0 4 0.49

Abbreviations: BP, blood pressure; s.d., standard deviation.
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Adverse events
There were no adverse effects to report during this
short-ter m study.

Discussion

The findi ngs of this pilot study represent the first
demonst ratio n of a sustained BP lowe ring effect
associated with a procedure to correct the align ment
of the Atlas vertebra. The impr ovement in BP
followi ng the correct ion of Atlas misalignmen t is
simila r to that seen by giving two different anti-
hypertensive agents simultaneo usly.11,12 Moreover ,
this reductio n in BP persisted at 8 weeks and was
not associated with pain or pain relief or any other
sympt om that could be associated with a rise in BP.

Other studies support the notion that changes in
the cerebral circulati on that is related to the position
of the Atlas vertebra can affect BP. Coffee et al.9

reviewe d MR images and demonst rated a signifi cant
association between pulsat ile arterial compression
of the ventrol ateral medull a and presence of hyper -
tension. They concluded that subjects with hyper -
tension should have an evaluation of their posterior
fossa for evidence of anatomic abnormal ities. 9 In

fact, data linki ng changes in Atlas anatomy and
posterior fossa circula tory changes associated with
hypertens ion date back more than 40 years and are
reviewed by Reis.4

The mechanism as to why this impr ovement in BP
occurs is unknow n and cannot be determined by
this study. What is clear is that a signifi cant change
in sympathetic tone is probably not a major
contrib uting mechanism as heart rate was not
signifi cantly changed. The data presented, however ,
raises a num ber of impor tant questions includin g:
(a) how does misalign ment of C1 affect hyperten-
sion? (b) If there is a cause and effect relations hip
between C1 misalign ment and hypertension is mal-
position of C1 an additional risk factor for the
developm ent of hypertension?

What is clear is that misali gnment of the At las
vertebra can be determined by assessment of the
alignmen t of the pelvic crests. This should be
consider ed in those who have a hist ory of hyperten-
sion and require multipl e medic ations for treatment .
Additiona lly , i t should be considered in those with
refractor y hypertension and a history of neck
injuries , independen t of the presence of pain. Note
that pain was not present in any of the patients
randomi zed in this study.

Table 2 Efficacy of treatment intervention at study enda

Measure Control Treatment D P-value

Arterial blood pressure Pre Post D Pre Post D

Systolic BP 145.3 142.1 "3.2 147 129.8 "17.2 14.0 o 0.0001
Diastolic BP 91.0 89.2 "1.8 92.5 82.2 "10.3 8.4 0.002
Pulse Rate 73.3 73.8 0.5 73.6 73.3 "0.3 "0.8 0.80

Alignment variables
Degree of pelvic distortion frontal plane 3.8 3.7 0.1 3.6 0.04 3.6 "3.5 o 0.0001
Degree of pelvic distortion transverse plane 1.4 1.3 0.1 2.0 0.3 1.7 "1.6 0.0003
Lateral displaceme nt of C-7 0.6 0.5 0.1 1.0 0.04 0.9 "0.8 0.002
Weight Differenti al 11.4 9.2 2.6 13.9 6.8 7.0 "4.5 0.10
% of weight differen tial 5.5 4.3 1.3 6.8 3.4 3.4 "2.1 0.12

Abbreviation: BP, blood pressure.
aAll values are expressed as means.

Table 3 X-ray measures of atlas position

Displacement Visit Control mean (s.d.) or P-value Treatment mean (s.d.) or P-value P-value

Lateral Pre-adjustment 1.8670.84 2.1771.41 0.35
Post-adjustment 1.7870.85 0.2270.35 o 0.001
P (differen ce pre/post) 0.224 o 0.001
8 weeks 1.870.77 0.2270.36 o 0.001
P (differen ce post/8 weeks) 0.11 0.788

Rotationa l Pre-adjustment 1.571.28 1.2971.05 0.537
Post-adjustment 1.4671.27 0.1970.36 o 0.001
P (differen ce pre/post) 0.043 o 0.001
8 weeks 1.4271.04 0.2470.44 o 0.001
P (differen ce post/8 weeks) 0.665 0.103
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As discussed in the Methods section of this paper,
techni ques are now available to screen for atlas
misali gnment . This type of screening should be the
responsibility of the prim ary care physici an and
should be performed on patien ts who have a history
of head and neck traum a even if it is deemed
insignif icant. Those patients who present with pain
related to head and neck traum a should not be
screened. At a time when the prevalence of
hypertens ion is increasing and its control more
difficul t due to a variety of factors, linki ng the
correction of C1 misalign ment to the subsequent
lowering of BP may represent an impor tant advance-
ment in the screening of such patients.

This pilot study has limitati ons includi ng the fact
that it was dependen t on the skill of one practi tioner
to do the manipulati on. It was designed, however , to
test the concept that nonsurgi cal manipul ation can
alleviat e elevations in BP, thus it cannot be general-
ized until confirmed in a larger trial, which is being
planned.
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What is known about this topic
K The relationship between hypertensi on and presence of

circulat ory abnormali ties in the areaaround the Atlas vertebra
have been known for more than 40 years3Ð5

K Recent studies by Akimura et al.8 noted compression of the
ventrola teral branches of the vertebral artery in the area
around the Atlas vertebra in 90.6% hypertensi ve cases

K Thus, alteratio ns in Atlas anatomy can generate changes in
the vertebral circulation that may be associated with elevated
levels of blood pressure

What does this study add
K This pilot study provides evidence that nonsurgical

interventio ns to align the Atlas vertebra provid e long-term
amelioratio n in blood pressure

K It provides the first nonsurgical approach to allevia ting
elevation s in blood pressure
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