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INTRODUCTION

The etiology of the various types of
dental malocclusion is a problem of con-
tinuing interest. There is general agree-
ment that an existing disharmony re-
flects, somehow, a non-coordination be-
tween the growth of all or some of the
components of the skull. The ortho-
dontist, as well as other students of
cranial growth, is confronted with the
problem of understanding the admitted-
ly complex interrelation between a) the
neural skeleton, b) the facial skeleton
and c) the teeth and their alveolar
bone.

Recent anatomical research points to-
wards the skull base as a critical region
which is concerned with the coordina-
tion of the growth of the neural and
facial skeletons. The work of Hofer?,
Starck? and of Kummer?® ¢, indicates
that these two anatomically adjacent
regions have a greater degree of phylo-
genetic and ontogenetic independence
than has previously been postulated for
them by Weidenreich® and by Bolk®.
The older view holds that changes in
the neural skeleton are necessarily fol-
lowed by coordinated changes in the
facial skeleton. A correlation between
the degree of cranial base flexure and
the coordination of growth between the
neural and facial skeletons is indicated
by Bjork”, Pankow®? 2nd by Linde-
gard*®.

It will be remembercd. that the basi-
cranial region of the human ckull base
exhibits a characteristic flexure. The
axis about which this bending occurs
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passes transversely through the body of
the sphenoid bone, dividing the skull
base into pre- and post-sella compon-
ents. A further topographic distinction
is the delimitation of the neural and
facial skeletons by the skull base. It fol-
lows then that a change in the form or
position of the components of the sphen-
oid bone complex will greatly influence
the angular relations of the skull base,
affecting the maturation of both the
neural and facial skeletons.

Despite the interest in these ques-
tions in many fields, knowledge of the
growth of the skull base is scanty. An
integration of such data as are available
with the growth of the immediately ad-
jacent structures is equally rare. The
reason is not hard to find. Most current
techniques of assessing craniofacial
growth do not consider either the
growth of the specific components of
the skull base and the facial skeleton,
or the spatial variations within and
between these components (Broad-
bent,'> 12 Brodie,'* Bjork,?).

All of these cephalometric techniques
are primarily directed toward problems
of the growth of the dentition and its
supporting osseous structures. They are
not capable, as now used, of indicating
morphological and spatial changes in
the tissues between the selected points
of reference. It is felt that a technique
which used contour tracings of the ac-
tual anatomical units would be useful.
In this way the changes in and be-
twecn thece growing units could better
be studied.

This paper presents such a study of
the growth of the skull base. We at-
tempt to a) correlate the angular
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changes of the skull base with morpho-
logical growth, and b) integrate these
data with existing information on the
growth of the adjacent structures. In
addition, the relations existing between
cranial base flexure and certain types of
dental malocclusion are examined. It
is shown that one such type of mal-
occlusion, Class III, is correlated with
a deformity of the cranial base.

MATERIALS AND METHODS

Lateral roentgenograms of 151 ran-
domly selected human crania were
utilized. No sexual or ethnic differentia-
tion was made. The adult material uni-
formly showed obliteration of the
spheno-occipital suture. The indicated
age of the children is inclusive, i.e. 1-2
years includes all from one year and no
months to two years and eleven months.
All of the children’s crania had previ-
ously been diagnosed as normal.? The
adult material, while obtained from a
neurological service,® did not exhibit
pathological alterations of the skull
base. None of this material exhibited
dental malocclusion.

In addition to these, cephalometric-
ally oriented roentgenograms of 49
adolescent cases of dental malocclusion
were obtained; 28 cases of Class II,
Division 1 and 21 cases of Class III.

It is important, at this point, to note
divergent uses of the term prognathism.
In one sense a craniofacial relation is
described, i.e. the antero-posterior rela-
tion between the facial skeleton and
neural skeleton. In another sense a
dentofacial relation is implied, this
usage referring to the antero-posterior
relations of the dental arcades, with
particular reference to the first molar
teeth. These 49 cases were originally
classified according to their dentofacial
disharmonies, without reference to co-
existent maxillary or mandibular cranio-
facial prognathism or retrusion, or to
the effect which these latter skeletal
conditions may or may not have had on
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the dentofacial condition.

From these roentgenograms the fol-
lowing tracings were made (Fig. la):
(A) the outline of the sella turcica.
(B) the post-sella portion of the cranial
base, from the posterior clinoid process
to basion. (C) the posterior half of the
orbital roof. This traced the lesser wing
of the sphenoid bone as well as the
posterior portion of the orbital plate of
the frontal bone. (D) the hard palate,
from the anterior to the posterior nasal
spine. These four tracings were obtained
from all age groups. In addition, the
following were traced in the older speci-
mens: (E) the jugum sphenoidale, the
area of the sphenoid borie immediately
anterior to the hypophyseal fossa. This
tracing was impossible in the newborn,
as the area did not yet exist, and in its
place the inclination of the anterior wall
of the sella was used. (F) the cribriform
plate of the ethmoid bone. Again, this
was impossible in the newborn, as ossifi-
cation of the area begins after birth. In
its place the ethmoidal spine of the
sphenoid bone was traced, this area
articulating with the now cartilaginous
cribriform plate.

Upon these tracings straight lines
were drawn, by inspection, which repre-
sent the mean direction of the tracings
of the area. The post-sella portion was
indicated by a line drawn from basion,
tangential to the cerebral surface of the
basi-occipital bone and the post sella
portion of the sphenoid bone. This line
did not include the posterior clinoid
process. The lines derived from the
other tracings were projected until they
intersected this clival line. The angles
formed by these lines were determined
(fig. 1b).

The angles were designated; (A)
orbital angle, formed by the roof of the
orbit. (B) cribriform angle, formed by
the cerebral surface of the cribriform
plate of the ethmoid bone, or the eth-
moidal spine of the newborn sphenoid
bone. (C) the palatal angle.
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Fig. la. Tracing of composite lateral roent-
genograms of adult skull. Note that the roof
of the orbit and the eribriform plate appear
to have a common origin at the anterior
clinoid process.

Fig. 1b. Illustrating the method of de-
termining the angular values of the various
structures relative to the clivus. In descend-
ing order they are: a) ecribriform angle;
b) orbital angle: ¢) palatal angle.
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Comparison of the computations of
these angles by each author independ-
ently revealed no significant differences.

ResurTs

The values of the various angles for
the normal material are indicated in
Table (1). The orbital angle gradually
reaches adult values. The cribriform
angle, on the other hand, remains rela-
tively constant throughout life. No sig-
nificant differences were found between
age groups. Within a small range, the
palatal angle is parallel to the cribri-
form angle, or its equivalent, in all age
groups. The differences between the
two angles are almost equally divided
on either side of equality.

The angular values of the maloc-
cluded material are shown in Table (2).

Despite the existence of a dental dis-
harmony only one angle, the cribriform
in the Class III cases showed a signifi-
cant difference, at the .01 level, from
the dentally normal material. The
cribriform plate in this group showed a
greater downward inclination relative
to the clivus. The significance of this
observation will be brought out in the
following section.

Discussion
It is possible to correlate the observed
postnatal angular changes of the skull
base with definitive morphological al-
terations. The essential uniformity of

TABLE 1.

REPRESENTATIVE ANGULAR VALUES IN DEGREES OF DENTALLY NORMAL INDIVIDUALS.*

Age Newborn 1-2 years 5-6-7 years Adult
Orbital angle 152.24+94 143.9+1.2 141.0+1.4 138.1+1.2
N=29 N=34 N=27 N=28
Cribriform angle 121.3+2.02 119.1+1.1 117.0+1.6 120.5+1.1
N=16 N=34 N=27 N=61
Cribriform-Palatal 1.8 4.4 5.2 3.5

angle differences

* All values are recorded as the mean plus or minus the standard error of the mean, cal-

culated for small samples.
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TABLE 2

REPRESENTATIVE ANGULAR VALUES OF DENTALLY ABNORMAL INDIVIDUALS*

Class 11
Orbital angle 139.5+1.6

N=28
Cribriform angle 118.3+1.4

N=28
Cribriform-Palatal 2.7

angle differences

Class II1
138.5+1.6
N=21
114.2+1.5
N:==21
3.3

* All values are recorded as the mean, plus cr minus the standard error of the mean, cal-

culated for small samples.

the cribriform angle indicated that the
median structures of the anterior
cerebral fossa are more stable than the
more lateral structures. These latter are
indicated by the orbital argle, which
undergoes prolonged and progressive
alterations. These observed postnatal
angular changes are a completion of a
fetal process by which the degree of
human basal flexure is attained (see
Kummer,® Pankow,® for fetal data).
Cribriform angle.

This angle remains unchanged de-
spite an extension medialward of the
lesser wings of the sphenoid bone above
the anterior part of the body of the
sphenoid bone. These two medial ex-
tensions fuse with each other to form
the jugum sphenoidale during the first
postnatal year (Fig. 2).

Correlated growth of the sphenoid bone.

Little data are to be found concern-
ing the absolute or relative growth of
the sphenoid bone. The length of the
pre- and post-sella portions of this bone
are fairly stable at five years of age
(Brodie,*). The dimensions of the sella
turcica are relatively constant from the
third to the twelfth year (Rochlin,!
Bergerhoff and Hobler,'s). Prior to the
third year, the vertical growth of the
posterior clinoid process is greater than
that of the anterior clinoid process,
relative to a given horizontal line. Data
covering the prenatal stages are pre-

sented by Kummer®. The present ma-
terial demonstrates the continuation of
this growth tendency during the first

-

Fig. 2a. Newborn sphenoid bone, with left
greater wing detached. Note especially the
non-union of the lesser wings at the midline,
allowing the ethmoid spine to be glimpsed
below. (1.2 X)

Fig. 2b. Adult sphenoid bone, in situ. Note
the relation of the jugum sphenoidale to
the site of the unformed area mentioned
above. (Natural size)
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two postnatal years. Here the vertical
growth of the posterior clinoid process
is twice as great as that of the anterior
process, relative to the palatal line.
Growth of the sphenoid bone in the
first three years is not due to the expan-
sion of the sphenoidal sinus (Schaef-
fer,2).

In summary, the body and wings of
the sphenoid bone change markedly in
form during the first several years. This
accompanies angular changes of the two
components of the skull base. The
sphenoid bone grows upwards and
backwards relative to the splanchno-
cranium. Confirmation of this change of
position is graphically given by Broad-
bent'”. The absolute vertical growth of
the sphenoid bone is accentuated by the
relative downgrowth of the floor of the
laterally situated middle cerebral fosca
(Dabelow?®, Stadtmuller'®). Alizarin
studies of animal material gives sub-
stantial support to this hypothesis
(Brash®?). It is emphasized that while
the sphenoid bone is changing marked-
ly in form and somewhat in position,
the cribriform angle remains constant.
It is shown below that a corresponding
downward growth is demonstrated by
the visceral structures immediately be-
low the sphenoid bone.

Orbital angle.

The change in this angle is caused
by an upgrowth of the roof of the orbit,
raising the cerebral surface of the lesser
wings of the sphenoid bone and the
posterior portion of the orbital plate of
the frontal bone, relative to the jugum
sphenoidale. This implies greater addi-
tion in vertical height of the apex of the
orbit relative to its base.

Correlated growth of the orbit.

The morphological changes occur-
ring in the growth of the orbit during
the first several years of life are of in-
terest in studying the growth of the
skull base. Decisive quantitative evi-
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dence of the wvertical upgrowth of the
posterior orbital roof, relative to the
medial line is presented by Stadtmul-
ler*®. This upgrowth is apparently as-
sociated with the change in the angle
of the optic foramen, from a horizontal
position in the newborn to a forward
declivity of some 15-20 degrees in the
adult (Whitnall?*). The present paper
indicates this change to be essentially
completed before the fifth year. After
this time, the volume and dimensions of
the bulb and its extrinsic musculature
are constant until puberty, having in-
creased during the first five vyears
(Weiss??).

The vertical upgrowth of the orbital
apex is coordinated, in time, with a
transverse growth of the greater wing of
the sphenoid bone, which forms the
posterior half of the lateral wall of the
orbit. This transverse growth is rela-
tively greater than that of the external
orbital margin in the same plane (Pal-
lin?%).

Growth of the orbit in the third plane,
antero-posteriorly, is also rapid during
the first few years. In addition, the
morphological change of the optic canal
occurs in the first year, changing from
a foramen to a canal some 4 mm. in
length. This is associated with the
formation of the jugum sphenoidale
noted above (Wolff,?*). In summary the
evidence indicates that the resultant
direction of all this growth is upwards
and backwards.

Growth of the nose.

The parallelism between the cribri-
form line and the palatal line demon-
strates the stability of the upper
splanchnocranium relative to the clival
line. The medial area between these
lines within this region is occupied by
the nose. Study of the growth of this
organ is revealing (Disse?, Rosen-
berger?®, Richter?”). In the midline the
respiratory portion of the nose grows
faster than the olfactory portion, and is
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less completely developed at birth.
Laterally, the inferior meatus is formed
only after birth, becoming functional in
the third year. The vertical growth of
the median labyrinthine wall is not
caused by growth of the vertical plate of
the ethmoid bone, which is cartilaginous
at birth, but of the area immediately
below it. It is the vertical growth and
expansion of the middle concha, situ-
ated below the superior meatus that is
responsible. The vertical increase of the
posterior portion of the nose is greater
than the anterior, especially during the
first year.

Antero-posterior growth of this
splanchnocranial area is indicated by
the fact that the opening of the pharyn-
gotympanic (Eustachian) tube moves
backwards, postnatally, from beneath
the sella to the site of the spheno-
occipital synchondrosis. Seemingly this
movement parallels the relative growth
of the sella turcica alluded to above. A
parallel backwards growth of the maxil-
laisreported by Diamond?®, This antero-
posterior growth is correlated with the
opening of the nasopharynx.

It is emphasized, therefore, that the
growth of the splanchnocranium is not
concerned merely with the maintenance
of infantile relationships between struc-
tures. Within fairly broad limits, mor-
phological and spatial alterations occur.
That is, these growth processes and
their resultant alterations occur in a
region whose upper and lower limits
remain parallel (cribriform and palatal
lines). Indeed, the proportion of the
total facial height which the nose occu-
pies, about 43%, is constant throughout
life (Herzberg and Holic?®). This figure
is corroborated by our analysis of the

data of Young®® and of Smyth and
Young?®'.

Relation to growth dysharmonies.

The picture which emerges from the
foregoing is one which supplements that
of Brodie'®??* who finds individual
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angular consistency between his trac-
ings of skull base, floor of the nose (our
palatal line), occlusal plane and lower
border of the mandible during the first
eighteen years of life.

The stability of these planes occurs
within a growing, shifting complex of
bone, cartilage and soft tissue, the
growth of which is integrated and corre-
lated. The stability of the cranial base
in its middle region and of the medial
facial skeleton is not found in the more
laterally placed structures. The relative
elevation of the anterior cerebral fossa
and the consequent lowering of the
middle cerebral fossa, together with an
absolute growth of the sphenoid bone
itself results in morphological, spatial,
and angular changes of the skull base
components. This growth is shown to
be closely related to that of adjacent or-
gans, in all three planes.

Moreover, the greatest part of these
correlated growth changes occurs dur-
ing the first several years of life, after
which a great degree of individual sta-
bility is attained.

It follows, then, that dentofacial and
craniofacial growth disharmonies be-
come evident, but not necessarily in-
curred, during these early years. One
area of disharmonic growth will then
cause subsequent disharmonies in re-
gions and structures correlated with it
(Todd?3?).

The relation existing between the de-
velopment of the brain and the cranial
base must be mentioned. No doubt a
basic correlation does exist, phylo-
genetically, between the development
of the brain and basal flexure (see:
Hofer'; van der Klaauw?®* ®%; Schu-
chardt®*®?"). Indeed the normal de-
velopment of this basal flexure does de-
pend on the presence of at least, a
normal midbrain (Hammer®®).

However, apparently the most com-

mon types of dentofacial disharmony
may exist without apparent disturbance
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of the skull base. This finding merely
restates the thesis that a great degree of
independence exists between the neural
and facial skeleton. The finding of
median basal distortions in one type of
malocclusion, Class III, however, pin
points a region which may, in fact, be
considered to be more nearly the area
of functional interconnection between
these two regions of the skull.

The median portion of the skull
base, the basioccipital, the body of
the sphenoid bone and the median
portion of the ethmoid bone define this
area. In the Class III malocclusion,
the pre-sella portion of the medial
area of the skull base, indicated
by the cribriform angle, has a great-
er downward inclination relative to
the clivus. Whether this is primarily a
defect in the maturation of the early
fetal chondrocranium, or primarily as-
sociated with a spatial malrelation of
the anterior portions of the brain can-
not be decided as yet. There is some
evidence, drawn from the study of much
more severe cranial growth disharmo-
nies, such as acrocephaly and cranial
dysostosis, which favors the primacy of
the cartilaginous defect. The implica-
tions of this finding receives independ-
ent support from the recent work of
Lindegard®. He uses osteological ma-
terial for a study of the relationship be-
tween the upper alveolar process and
the cranial base. He reports that as the
declination of the alveolar plane in-
creases, in the same direction as we de-
scribe above for the Class III material,
this alveolar plane moves under the
cranial base.

As a result of this process, he finds
that the anterior portion of the alveolar
plane moves downward and back and
the posterior portion of this same plane
moves up and back. In effect, the maxil-
lary incisor and cuspid teeth are dis-
placed down and back and the molar
teeth up and back, the alveolar process
pivoting, as it were, about the pre-
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molars. This position of the anterior
dentition in the cases in which the
alveolar plane has shifted as described
by Lindegard bears a striking similarity
to the description of the Class III mal-
occlusion.

Finally, it should be noted that the
use of a cribriform plane as a diag-
nostic aid had recently been reported.
This work of de Coster?® has, so far,
been only of an exploratory’ nature.

CONCLUSIONS

The postnatal growth of the human
skull base is studied with the use of
lateral roentgenograms. From these,
tracings are made of the contour of
selected anatomical areas and the angu-
lar relations of these areas are described.

It is shown, in normal material, that
the medial areas of the skull base are
essentially stable while the lateral areas
undergo prolonged change. The corre-
lated morphological alterations accom-
panying these angular relations are de-
scribed.

Two types of dental malocclusion,
Class II Division I and Class I1I, are
studied with this technique. The evi-
dence indicates that the Class ITT group
show significant alterations from the
normal in the spatial relations of the
medial pre-sella portion of the skull
base. The effect of such alterations on
the production of the malocclusion are
discussed.

1 The work reported was carried out under
the tenure of a Lederle Medical Faculty
Award.

2 Material kindly supplied by Dr. John
Caffey, Department of Roentgenology,
Babies Hospital, New York.

3 Thanks to the courtesy of Dr. Juan
Taveras, Department of Roentgenology,
Neurological Institute, New York.
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