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A technique and device for cephalo-
metric radiography of animals as
small as the mouse are described. Re-
movable earposts are used, so there
is no obstruction of the image of ana-
tomical structures. Dental film pack-
ets provide maximum detail.

Knowledge concerning craniofacial
growth has been derived principally
from cross-sectional and longitudinal
studies. In 1941 Brodie® reported on
the growth of the human male skull
from the third month to the eighth
year of life based on cephalometric
radiography. This investigation has
besn followed by similar studies of
the craniofacial development of non-
human primates.?3

Most of these studies have been
done on monkeys. Monkeys are con-
sidered to be ideal experimental ani-
mal models for craniofacial studies
because of their similarity to man.®
However, they are becoming increas-
ingly expensive to work with. The
use of rats and rabbits in craniofacial
studies is becoming more popular.4578
They offer ready availability, lower
cost, and a life span that is relatively
short with comparably rapid develop-
ment.

Inherited craniofacial abnormalities
have been recently discovered in sev-
eral species of small mammals.® These
experimental animal models open the
door for a new era in the study of
craniofacial anomalies in which the
factors responsible for anomalous
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growth can be studied and the re-
quirements for a normal physiologic
growth accounted for.

Longitudinal craniofacial growth
studies in these animals require a
simple and precise cephalostat. Soon
after Broadbent® developed the first
radiographic cephalometric device for
human use, Spence?* applied the tech-
nique to animal studies. Our purpose
was to develop a cephalostat to pro-
vide improved precision for use in
small animal studies.

MATERIALS AND METHODS

X-Ray Apparatus:

A standard dental x-ray tube-head
is clamped into a fixed position in a

Fig. 1
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custom-made frame. The open-end
cylindrical collimator of the x-ray
housing is aligned with a lead frame
secondary collimator with a 1 ecm x 1
cm square opening to limit the x-ray
beam to the area of interest. The tar-
get-film distance is fixed at 152.4 cm
(5 feet).

Head-holding Apparatus:

A special apparatus holds the head
of the animal in a firm and constant
position so that the radiographs taken
at various times will be comparable
(Fig. 1). Ear rods are aligned with the
x-ray beam. The animals are anes
thetized wusing Nembutal, adminis-
tered intra-peritoneally, and placed in

Top view of cephalostat with a mouse in position but earposts not yet removed for
film insertion and exposure, The dashed line indicates the slot for holding the dental film
packet. The four slotted screws in the animal support plate provide vertical adjustment, The
pointer projecting over the white scale from each earpost and from the sagittal stabilizing rod
facilitates centering and repositioning.
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Fig. 2 Lateral radiograph of the head of a
mouse.

the cradle. Elevation screws are ad-
justed until the external auditory
meati are at the same height as the
ear rods. The head is oriented by the
movable ear rods, which are with-
drawn for the film exposure.

An incisal pin is placed between
the upper central incisors and remains
in position during the exposure. The
incisal pin is located so that its long
axis is perpendicular to the axis of
the ear rods. Both ear rods are cali-
brated so that the midsaggittal plane
can be standardized. A line projected
from the incisal pin intersects the ear
rod axis midway between the ear rods.

The x-ray film is standard dental
periapical film. A groove in the cra-
dle holding the body of the animal
holds the x-ray film. The cradle it-
self is made of clear plastic and is
adjustable vertically to accommodate
different size animals. The different
components are mounted on an acry-
lic sheet fixed to a horizontal wooden
platform.

Precision of the Apparatus:

The precision of the apparatus was
determined by comparing the mea-
surements obtained from a series of
ten lateral radiographs of a single
mouse. The animal was anesthesized,
positioned in the head-holding device
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Fig. 3 Tracing showing landmarks for lin-
ear and angular measurements in mouse or
rat,

for a lateral view as described above,
one film exposed, and the animal
completely removed from the appara-
tus. This was repeated until 10 radio-
graphs had been exposed.
Standardized enlarged (17x) prints
(Fig. 2) were made of all ten radio-
graphs. These were traced and the
following points identified; basion
(B), nasion (N), rhinion (Rh), the
center of the optic foramen (O), the
most posterior point on the frontal
bone (P) and the most posterior point
on the occipital bone (OC) (Fig. 3).
A line drawn between point (O)
and point (B) was used as a base line,
with perpendicular lines extended
from the different cranial points to
this base line. The following linear
and angular measurements were con-
structed and measured; O’E’, PL,
NO/O’P’, NO/OP. A tangent to the
lower border of the mandible (man-
dibular plane) was used as a reference
plane for mandibular measurements
MD and H. All linear measurements
were recorded to the nearest 0.5 mm
on the enlargement (about 0.02 mm
actual size). Angular measurements
were recorded to the nearest one-half
degree. The mean values, standard
error, standard deviation and the co-
efficient of variation of each group
of ten measurements were calculated.?
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TABLE 1
Measurements from Tracings of Ten Enlarged Cephalometric Radiographs
of a mouse (17 X)
Standard Standard Coefficient of
Mean error deviation variation
Linear Measurements (cm.)
OFE ........... 11.1 0.11 0.34 3.10
PL ............. 2.19 0.02 0.06 2.81
MD ............ 5.5 0.06 0.18 3.20
H .............. 2.3 0.02 0.09 3.40
Angular Measurements (degrees)
NO/OO’ ........ 28.7 0.50 157 5.46
NO/OP ......... 39 028 0.88 2.25
RESULTS skulls.’¢ This technique requires ex-

From Table I, a small standard
error is seen in the groups of linear
and angular measurements recorded
from the ten trial cephalogram trac-
ings. The coeflicient of variation was
less than 4 percent in all the measure-
ments, except for NO/OO’ where it
was 5.46. This small percentage in-
cludes variation in animal position-
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anatomical landmark identification.

DiscussioN

The main problem encountered
with the construction and use of any
cephalostat is the accurate positioning
and stabilization of the head during
radiography. A method involving the
implantation of radiographic markers
for the alignment of monkeys’ heads
by means of fluoroscopy prior to ex-
posure of the cephalogram has been
reported.’® Ness and associates have
described a technique utilizing a
modified cephalostat which is coupled
to a surgically implanted rod protrud-
ing from the frontal area of monkey

tensive surgical manipulation which
small mammals may not be able to
survive, Spence'* has described a
cephalostat designed to study the skull
development of the living rat. A sim-
ple positioning device differing from
conventional cephalostat orientation
has also been used for serial ventro-
dorsal view radiographs of rabbit
heads.1s

The cephalostat constructed in this
study was designed so that it can ac
commodate a wide range of animal
sizes. This was accomplished by the
adjustability of the clear plastic mov-
able cradle. Careful attention was
given to drawbacks seen in previous
designs. The presence of two lateral
ear rods and one incisal pin assures
accurate positioning of the mid-sagit-
tal plane perpendicular to the central
x-ray beam. The fixed x-ray source-
film distance (5 feet) standardizes en-
largement.1¢ It is to be noted that this
is the first cephalostat which can be
used for the study of craniofacial de-
velopment in mammals as small as
mice.
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