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THE CENTER OF GRAVITY OF THE SKULL

The Problem

Most segments of the body have
been investigated as to weight, volume,
and center of mass, except for the
head. As a consequence there is no
agreement as to the exact location of
the center of gravity of the head or
skull.

For chiropractors who adjust the
atlas, locating the center of gravity of
the head is critical for the adjustment,
because knowing where the center of
gravity is determines how the head is
placed on the head piece. It is becom-

ing apparent that for some types of

adjustments slight change of head posi-
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tion determines whether the vertebra
will move or not.

History

Interest in determining the center of
gravity of the body dates back 300
vears. Borelli (1679) found the CG of
the body by having nude men lie on a
rigid platform resting on a pivot. An
approximation of the CG was acquired
by moving the platform back and forth
until the platform balanced.

More than [50 years later the
Webers (1836) improved on the accur-
acy of the CG by using a platform that
was fixed at the center. A body was
then shifted in one direction until the

platform tilted and then shifted in the
other direction until the platform
tilted. The CG was then calculated by
taking the mean between the two tilt
points.

Harless (1860) continued the work
of the Weber brothers using the shift
technique to find the CG of body seg-
ments. He used two cadavers and di-
vided the body into [8 major parts.

Von Mever (1863) determined the
CG along two axes. He was one of the
first investigators to use the ortho-
gonal axis system which is now used by
anatomists and kinesiologists. Using
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AN ANTHROPOLOGICAL
FAILURE

From Winick’s Dictionary of An-
thropology we learn that anthro-
pometry is “the branch of physical
anthropology devoted to the measure-
ment of humans, It includes measure-
ments that are taken on both skeletons
and living persons.”! As a research
field it took its start at the end of the
eighteenth century when J.F. Blumen-
bach and others initiated the scientific
study of human racial variation. Per-
haps the earliest systematic exercise in
anthropometry was carried out in
1794, when an early investigator found
that the forearm of Blacks in pro-
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portion to the upper arm tends to be
longer than is the case with Whites. By
the first half of the nineteenth century,
the small number of professional an-
thropologists then active succeeded in
carrying out voluminous studies, in-
cluding Morton’s Crania Americana
published in 1839 and his Crania
Aegyptica in 1844

By the opening of the twentieth
century, anthropometry dominated
the field of anthropology insofar as it
was concerned with racial biology. In
many ways, anthropometry had grown
in sophistication. It started with el-
forts limited to linear measurements.
The basic question seemed to be, “How
long or wide is this bone?” By the end
of the nineteenth century more com-
plex angular measurements were com-
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mathematical descriptions (ellipsoids
and spheres), Von Meyer was able to
estimate the CG for each of the major
segments of the body.

Braune & Fisher (1889) used a dif-
ferent technique to find the CG of the
body which was considered more ac-
curate than the previous methods.
They drove three rods into frozen
tissue of a cadaver. Each segment was
hung from an overhead from three
different axes. The intersection of the
planes gave the location of the CG.
The Braune & Fisher work has been
used extensively up to the present.

Braune & Fisher found that the
weight of the head ranged from 3880
grams to 5350 grams. The average for
the heads that they examined was 4300
grams or approximately 9.4 pounds.
Dempster (1955) determined that the
average weight of the head was 4600
grams or slightly over 10 pounds.

The Dempster study (1955) is con-
siderced the most comprehensive work
about weight, volume and center of
mass of the body up to the mid cen-
tury. He used cight cadavers which
doubled the number of subjects used
previously. Despite the criticism that
the cadavers were old and atypical of
the population, the raw data that
Dempster generated is the most widely
used today.

Barter (1957) using information
from Braune, Fisher and Dempster,
prepared a series of regression equa-
tions for predicting segment weights
from the bodv weights. The impor-
tance of these equations is that most
designers and engineers still use these
equations as anthropometric criteria
in matching man with machine.

In 1966, Drillis & Contini published
a detailed study of the body segments.
They used two systems to determine
weight and volume of living subjects.
Volumes were found by emersion of
the body segments in water and the
weight of segments were determined
by the reaction method using highly
sensitive weighing apparatus.

During the 60’s mathematical
models became popular. Whitsett
(1962) developed a model to approxi-
mate mass distribution, center of mass,
moments of inertia, and mobility of

the human body. His primary concerns
were the biodynamics of the body to
conditions of weightlessness. He used
the data from Dempster (1955) and
from Barter (1957). Another study of
note was Santschi et al (1963) who
found that the moments of inertia of
the bedy in eight different positions
correlated well with stature and
weight. They found by using anthro-
pometric data they could easily obtain
the location of the subject’s center of
mass and moments of inertia. This
information was used for space re-
search.

A summary of the literature shows
there has been a reasonable amount of
research done on centers of mass and
volume both with live subjects and
cadavers. It is interesting to note how
few cadavers were used in establishing
the standards for the indexes used in
man/machine design. What is lacking
is that no one determined the center of
gravity of the head. A computer search
from 1966 to 1980, revealed that no
articles dealt with the CG of the head.
A further check with experts in the
field of craniometry confirmed that
the search was valid. No one had
thought to determine the center of
gravity of the head and skull.

THEORIES CONCERNING THE
CG OF THE HEAD AND SKULL

Several anatomists and kinesiolo-
gists have theorized as to where the CG
of the head is located. The following
sources are cited.

Steindler (1977) “The foramen mag-
num occupies almost a horizontal
plane (only 7-21 degrees slope with the
horizontal). and the atlanto-occipital
joint is situated precisely below the
center of gravity of the head so that the
latter is balanced upon it.”

ILA. Kapandji (1976) “The head
taken as a whole constitutes a lever
system: the fulcrum lies at the center of
the occipital condyles; the force G is
produced by the weight of the head
applied through its center of gravity
lying near the sella turcica; the force F
is produced by the posterior neck
muscles which constantly counterbal-
ance the weight of the head. which
tends to tilt forward.”

F.P. Jones (Alexander Technique)
(1976) “In the system of forces acting
on the head the center of gravity plays
a major role. On the surface it is con-
ventionally located in the Frankfort
plane halfway between the tragon of
the ear and the low point of the orbit.
In the sagittal X-ray it is located in the
sella turcica, a landmark that is defined
as the *depression in the superior sur-
face of the body of the sphenoid bone
which houses the hypophysis cerebri
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(pituitary gland)™.

E.R. Tichauer (Ergonomics) 1973
“This i1s exemplified by the arrange-
ment of those musculo-skeletal struc-
tures as arc involved in the head
movement in looking up and down.
The atlanto-occipital joint acts as the
fulcrum of the first class lever because
the muscles of the neck provide the
force necessary to extend the head.
This is counteracted by gravity on the
center of mass of the head which is
located on the other side of the joint,
and hence constitutes an opposing
flexing weight.”

There is agreement as to where the
fulerum is located in the head which is
the atlanto-occipital joint. and there is
agreement that the head acts as a
resistance. But there is disagreement as
to where the CG is located. Steindler
feels that the CG is located beneath the
foramen magnum; Kapandji and
Jones think the CG is located at the
sella turcica; and Tichhauer says the
CG 1s located anterior to the atlanto-
occipital joint. See Figure 1.
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Figure i
The center of gravity of the skull as
proposed by various theorists.



Pilot Study

Forthe past vear, NUCCA research
has been focusing attention on head
placement as an impaortant aspect of
the adjustment process. It has been
noted that with some patients a slight
realignment of the head on the head
piece would enable the adjustor to
move the vertebra where previously
the vertebra would not move. It be-
came apparent that head alignment
was as important as the other facets of
adjusting. Since the CG of the head
seemed to be a crucial variable in the
system and information about the CG
was not available from the other disci-
plines, NUCCA decided to find out
where the CG was located.

Method

Using the procedure suggested by
Braune & Fisher (1889) a skull was
hung from a vertical support along
three positions from the mid-sagittal
line of the skull. The intersection of the
three planes was marked on the skull
which determined the CG of the skull.
See Figure 2.

Figure 2
The center of gravity of the skull as
proposed by NUCCA.

Two skulls were measured in this
manner. The skulls were dissimilar in

that one skull was smaller and rounder
and the other skull was larger and
elongated. It is thought one of the
skulls is several hundreds of vears
older than the other.

Results

Both skulls were found to be in
balance when the eye sockets and the
Frankfort plane were horizontal. This
would occur when the line from the
vertical that was attached to the skull
ran through the apex of the coronal
sutures and the center of the auditory
meatus. The intersection of the three
planes fell on this line 214 and 3 centi-
meters superior to the superior aspect
of the auditory meatus of the small and
large skull respectively,

Discussion

Determining the CG of the head
cannot be confirmed reliably using
two skulls as the standard. Obviously
more research has to be done. Can it be
assumed that the CG of the skull is the
same as the head? Clauser et al (1969)
states the differences between using
live subjects and cadavers may be
relative, that the relationship between
the two is constant, If this is true, it
may be possible to assume that the
relationship between a dry skull and a
skull with tissue may also be relatively
constant. Earlier it was mentioned that
an average sized head weighed about
10 pounds. The weight of the brain
ranges from 3-5 pounds. It is possible
that the boney structure of the skull is
equal to the tissue of the head.

The notion that the CG of the head
is located slightly above the auditory
meatus and on a horizontal line at the
mid-sagittal plane of the head seems to
be logical because it 1s along this line
that the semi-circular canals are lo-
cated. The semi-circular canals main-
tain the body’s equilibrium. It is pos-
sible that the true center of gravity lies
equidistant between the two canals.
See Figure 3.

The sella turcica does not seem to be
alogical spot for the CG because of' its
anterior location in the head. It is
possible that the sella was thought to
be an easily identifiable landmark ona
lateral X-ray. In anthropology. the

SLMILIRCULAR CANALS

Figure 3
The Spatial relationship between the
Auditory Meatus and the semi circular
canals.

sella turcica is used as an important
landmark when comparing different
population groups (Colby & Cleall.
1976).

Steindler (1976) indicates that the
CG of the head is directly over the
atlanto-occipital joint, which is a few
centimeters below the proposed CG of
this paper, Most agree that the atlanto-
occipital joint is the center of motion,
but it does not necessarily follow that
the joint is the center of gravity.

During the past year NUCCA has
been testing this hypothesis. The new
orientation has helped with some of
the more difficult cases, especially with
opposite to the kink cases. There is a
positive feeling that this information
will help with the adjustment. This
change in the thinking about the CG
will have some implications for chiro-
practic especially with resultants and
excessive force.

Implications for Chiropractic

[t probably would be appropriate to
review the lever system which was
described in the January 1978 Mono-
graph (Vol. 2, No. 4). In this article it
was written the goal of the adjustment
was to reduce the misalignments and
return the head to a state of equi-
librium. Biomechanically, the head in
relationship to the cervical spine, is
either a first or second class lever. The
head acts as a resistance to the adjustic
force (resultant) which is transmitted
by the transverse processes of the atlas.
The fulcrum is located on the superior
articulating surface of the axis. Oppo-
site the kink subluxations are first
class levers because the fulcrum is
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