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Biomechanics of the Upper Cervical Spine
by Ralph R. Gregory, D.C.

Although several thousand distinctly
different C1 subluxations occur, only
three types form the basis for classifi-
cation. In them can be found the char-
acteristics of every Cl subluxation.
This article discusses each basic type,
how it is produced, and the distin-
guishing characteristics of each type.

Background Information:

A vertebral misalignment always
precedes a vertebral subluxation, and
it usually takes place within a fixed
abnormal range of motion. Vertebrae
are in situ when their disc centers of
motion align to the vertical axis of the
body—that place in the body which
represents a well-balanced arrange-
ment of all bodily parts. When verte-
brae deviate from the vertical axis,
misalignments and subluxations may
be produced.

In the cervical spine, an abnormal
range of motion occurs whenever the
cervical spine and head move as a unit
from the vertical axis and remain in
either the right or left frontal plane of
the body. This abnormal unit motion
exists in over 90° of all upper cervical
subluxations. The gravital line emanat-
ing from the displaced head or load
center of gravity no longer falls along
the vertical axis, and the displaced
vertebrae resultantly rotate into the
transverse plane about their displaced
centers of motion. The displaced gravi-
tational forces act to maintain a state
of disequilibrium,

Disequilibrium is present in a system
when forces are acting free or unop-
posed. If all the forces acting upon a
body neutralize each other in strength
and indirection, a state of equilibrium
is said to exist. The gravitational and
muscular forces acting within the ab-

normal range of motion are the pri-
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mary causes of vertebral misalignment
and subluxation.

The unit movement of the cervical
spine and head into the frontal plane is
one of angular rotation. The axis of
the movement takes place about the
center of the body of the first dorsal
vertebra, which is called the fixed
point. A line drawn vertically on the
nasium (A-P) film from the fixed point
with a triangular square which is
squared with the film will approximate
the vertical axis. The vertical axis line,
when compared with a line also drawn
from the fixed point to a point which
equally divides the distance between
the center of the odontoid of C2 and its
spinous process, erects an angle which,
when measured, gives the degree of the
angular rotation or excursion of the
cervical spine from the vertical axis

(Fig. 1).
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Initiating
Anatometer Research

Robert T. Anderson, Ph.D.
Director of Research,
Pacific States Chiropractic College;
Professor of Anthropology,
Mills College.

It was aday to remember on campus
at the still young Pacific States Chiro-
practic College. The Research Depart-
ment got an anatometer. Dr. George
E. Anderson, chairman of the Board
of Regents, had long insisted that we
must have one, despite the high cost.
Dr. Ralph R. Gregory, who developed
the instrument in collaboration with
Dr. Daniel C. Seemann, was finally
able to promise one from his own
largess. By phone he said that it would
arrive in a week. It was hard to believe
that he could live up to that promise,
however, with time so short, California
is distant from Michigan. The instru-
ment is heavy, and must be handled
with care. Those who know Dr.
Gregory will know, however, that he
means what he says when he makes a
decision. Supported by the board of
directors of NUCCRA, he came
through for us.

The arrival of the instrument was
very impressive, It was the first time I
had personally seen a large special
delivery crate delivered by the famous
Flying Tigers Airline. As an added
bonus, the manufacturer, Mr. Pete
Benesh, came in person to uncrate,
assemble and instruct the reception
committee. Dr. Amerigo Biollo, Di-
rector of the Clinic, brought together a
group of students and faculty members
for the occasion. With his quiet, dis-
arming manner, Mr. Benesh had us
developing or improving our skills as
operators of an anatometer almost
immediately.

(Continued page nine)



Biomechanices (from p. 1, col. 2)

Two types of disequilibrium take
place into each frontal plane as a result
of angular rotation. If C1 lateral move-
ment from the condyles of occiput
(laterality), is contralateral to the side
of angular rotation, it is called the
opposite-the-kink type. If the laterality
of Cl isipsilateral to the side of angular
rotation, the term into-the-kink is ap-
plied. Distinguishing between the two
types is important in establishing ad-
justic force vectors, when placing the
patient for the adjustment, inrecogniz-
ing characteristics in film analysis, and
i minimizing the amount of force
required to correct the subluxation.

The superior articulating surfaces of
C2 provide the base of support for Cl
and the head or load. Angular rotation
displaces the base of support, and un-
balances the head which adapts by
turning toward the vertical axis.

The concept of angular rotation has
considerable backing proof. That
angular rotation precedes vertebral
rotation can be observed in over 90%
of the cases. Nasium films taken after a
correction of a Cl1 subluxation in
which the angular rotation is remedied
show that a correction of the angular
rotation to the vertical axis restores to
normal the rotated vertebrae subjacent
to C2. In the third basic type subluxa-
tion in which no angular rotation takes
place, vertebral rotation into the trans-
verse plane subjacent to C2 does not
occur. Further, it is interesting to note
that the angular rotation line from the
fixed point at D1 to the center of the
neural canal at C2 bisects the normal
spinous process of C7 in cases where
angular rotation has been solely re-
sponsible for vertebral rotation below
C2. This fact clearly indicates the close
relationship between angular rotation
and vertebral rotation in the spinal
segments subjacent to C2.

An exception to this relationship is
seen when C2 rotates to a greater
degree than ClI moves laterally. An
excessive C2 rotation distorts the
cervical circular pathway, causing var-
ious rotative patterns of the lower
cervical spine which exceed those pro-
duced by angular rotation. In these
cases the angular rotation line will not
bisect the spinous process of C7 (see
Fig. 1).

The disequilibrated state of the
cervical spine and head with its rotated
vertebral segments do not constitute a
state of subluxation. Angular rotation
lengthens the cervical canal and there-
fore tractionizes its contents, but ap-
parently not sufficiently to stress the
central nervous system. If neurological
stress is present, it is not recordable by
a thermographic instrument nor indi-
cated by the presence of a distortion
syndrome. Neither the thermographic
recording nor the distortion syndrome
manifest themselves until C1 moves
laterally on the occipital condyles. A
subluxated C1, therefore, fulfills the
requirements of a stressor.

A stressor has been defined as a
condition in the body produced by an
injurious factor and manifested by a
syndrome (H. Selye). A subluxated Cl
distorts the spine and the pelvis because
it causes spastic contracture of the
extensor (anti-gravity) muscles of the
spinal column. Spinal and bodily dis-
tortion result. A subluxated CI, there-
fore is acting as an injurious factor,
manifesting itself as a syndrome which
is verifiable by measurement and can
be correlated to the C1 subluxation.
The patient with a subluxated Cl hasa
subluxated spinal column, an over-
innervation of the motor neurons of
the spinal cord, neuromuscular imbal-
ance, loss of muscular synergism, dis-
tortion of the spinal column from the
true axis of the body, and leg disparity.
This is the Cl subluxation complex
syndrome, and is correctable solely
from a precise and pre-determined C1
adjustment.

If disequilibrium and cervical spinal
displacement do not cause a state of
subluxation until C1 moves laterally
on the occipital condyles, what con-
stitutes a normal lateral range of mo-
tion for C1? Vertebrae can be shown to
displace and not cause detriment or
insult to the nervous structure. If a
vertebra does displace and thereby
causes insult to nervous structure, it is
logical to assume that it has abnormal-
ly moved, or moved beyond its normal
range of motion. Because C1 cannot
misalign laterally more than three-
quarters of a degree from its alignment
to the occipital condyles (about the
thickness of a sharp pencil mark),
without imbalancing the neurological

inhibitory mechanism of the reticular
formation at the caudal end of the
brain stem, C1 has practically no nor-
mal lateral range of motion.

This phenomenon has been observed
and tested on over 10,000 cases over a
period of many years. The C1 dis-
tortion syndrome has always mani-
fested itself whenever CI has moved
laterally beyond three-quarters of one
degree on the occipital condyles when
the vertebra was moving from its nor-
mal position toward the abnormal
position.

A CI1 vertebra, however, that has
existed in a state of misalignment-
subluxation for a long period of time
and is then adjusted to within a degree
or two of normal does not produce
neurological insult until a period of
time elapses, generally three days to
several weeks, depending upon the
degree of reduction. When a recur-
rence of the C1 subluxation is again
recorded by the thermograph, the dis-
tortion syndrome reappears but to a
lesser degree.

Patients, however, who are re-x-
rayed after several years will record
neurological insult equal to that orig-
inally recorded, but analysis of the
current films discloses considerably
less misalignment of C1. This indicates
less tolerance and that changes have
apparently taken place in the neuro-
logical component during the interim.
An expansion toward normal size in
the diameter of the nervous structure
could account for the lessened toler-
ance. In any event, less misalignment is
required to cause as severe a sublux-
ation.

The type of neurological detriment
that is caused by the lateral displace-
ment of C1 on the occipital condyles
appears to be a mechanical tractioniza-
tion of the caudal end of the brain
stem. It has been noted in medical
literature that pathological and trau-
matic situations affecting the brain
stem can produce impairment or loss
of the inhibitory control over the
body’s extensor musculature.
NUCCRA research on the effects of a
subluxated CI on the caudalend of the
brain stem confirms the medical hy-
pothesis.



Characteristics of the 3 Basic Types

The first and second C1 subluxation
types present characteristics that, if
understood, aid in the analysis of the
subluxation and are essential to its
correction. The two types can be dis-
cussed together because the single
fundamental difference between the
two is the relationship between the side
of Cl laterality and the side of angular
rotation: thus the terms opposite-the-
kink and into-the-kink (Fig. 2 & 3).
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FIGURE 2
FIRST BASIC TYPE

In both types the head or load turns
toward the vertical axis, which appears
to be an adaptative process. If the head
did not turn back to the vertical axis
immediately after angular rotation oc-
curred, the state of instability would
soon become intolerable, risking immi-
nent collapse of the system. Muscular
action and the righting reflexes attempt
to balance the load (weight) by turning
it toward the vertical axis or normal
position.

In the first basic type (opposite-to-
the-kink), the head characteristically
turns high on the side of C1 laterality,
and the plane of CI is higher on that
side. This situation occurs because
angular rotation is usually greater in
this type, and there is greater dis-
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FIGURE 3
SECOND BASIC TYPE

placement of the superior articulating
surfaces (base of support) of C2; it is
frequently farther from the vertical
axis. Cl must also move a greater
distance on the condyles of occiput to
produce a subluxation. These factors
may account for CI laterality in this
type occurring on the side opposite
angular rotation.

In the second basic type (into-the-
kink), the head or load turns low on
the side of C1 laterality, and the plane
of CI generally remains more nearly
horizontal. Angular rotation is usually
not as pronounced, and the laterality
of Cl is caused by the condyles of
occiput turning on the superior articu-
lating surfaces of the lateral masses of
Cl, displacing the foramen magnum
of occiput. The axis base of support
remains equal to or less than CI
laterality, usually not moving as far
from the vertical axis but, neverthe-
less, providing an inadequate support
for the load.

Because angular rotation accounts
for the rotation into the transverse
plane of the cervical spinal segments
subjacent to C2, these vertebrae rotate
about displaced centers of disc motion.
This characteristic exists in both the
first and second basic types, because

angular rotation produces vertebral
rotation in the cervicals subjacent to
C2. If, however, considerable rotation
of C2 occurs in the transverse plane,
the subjacent vertebrae will rotate
more extensively, various configura-
tions appear that are not present when
C2 rotates within the limits of CI
laterality. When patterns of vertebral
rotation appear in which the spinous
processes of the vertebrae subjacent to
C2 are turned farther to the right or
left, it is indicative of the influence of a
severely rotated C2. Whenever the
angular rotation line (lower cervical or
kink line) does not bisect the spinous
process of C7, C2 will be rotated
excessively.

The significance of these character-
istics becomes apparent when the
patient is adjusted. The head must be
placed according to the basic type of
subluxation, and the degree of torque
applied in the adjustment must be
proportionate to the amount of C2
rotation. The subjacent cervicals and
all other misaligned vertebrae must be
restored to the vertical axis. Angular
rotation correction is essential because
it is necessary to remove the state of
disequilibrium in the system. While
these rotated segments apparently do
not detrimentally affect the neurologi-
cal structure, they do contribute to im-
balance. Unless corrected, the dis-
placed gravitational forces will soon
produce another CI subluxation with
its far-reaching distortion conse-
quences.

The third basic type CI subluxation
(no-kink), (Fig. 4) differs from the first
and second types in that no angular
rotation takes place. The cervical verte-
brae subjacent to C2, therefore, are
not rotated into the transverse plane,
nor does C2 rotate beyond the limits of
C1 laterality. In this type the plane of
C1remains approximately horizontal.
The C1 subluxation is caused by the
head turning on the condyles of occiput
and downward on the side of laterality,
displacing the foramen magnum of
occiput. The locus of the subluxation
is usually at the foramen magnum on
the side of C1 laterality.

It is, therefore, important that the
head is turned upward by the adjustic
force. This is significant as the patient






