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Radiation hazards in dentistry and
medicine have been the subject of in-
quiry since the early 1900’s. Many
methods for reducing patient exposure
during diagnostic procedures have been
proposed.’® High-speed film, intensify-
ing screens, grids, filters, and collima-
tors all contribute toward lower patient
exposure. Among the most notable re-
ports on this subject are those of Frank-
lin on cephalometric exposures.”™!?

Of particular concern is the rela-
tionship between inadvertent thyroid
exposure and the induction of neo-
plasms in later life. Evidence of thy-
roid injury has been reported since
1950 by several investigators.’**® All of
these reports concerned thyroid expo-
sure during therapeutic X-ray treat-
ments in which the radiation exposure
to the head and neck was several or-
ders of magnitude greater than in the
diagnostic procedures to be discussed
here. It is important to place these di-
agnostic exposures in perspective. Al-
though the individual dose from diag-
nostic X-rays is considerably less than
therapeutic doses, a larger number of
individuals are exposed. Efforts must
be made to reduce diagnostic expo-
sures to the lowest practicable limit.

Previous studies of skin dose over the
thyroid during intraoral diagnostic ex-
posures were made by Alcox.** Antoku®
suggested that higher doses can be de-
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livered to thyroid tissue during pano-
ramic procedures, since deep tissue near
the axis of rotation of these machines
is exposed to the primary beam during
the entire procedure.

This study will show measurements
of the thyroid dose received during
both panoramic and cephalometric ex-
aminations and will present ways in
which this dose may be substantially
reduced by simple means without af-
fecting the quality of the diagnostic in-
formation sought.

MEeTrHoDS AND MATERIALS

In this investigation thyroid dosime-
try was performed with a phantom in
which thermoluminescent crystals could
be inserted as dosimeters. The RANDO
phantom, developed by Alderson et
al.** and used by Franklin,'® Nelson
and Rupp,*® and by McMahon* for
depth dose studies, is a natural skeleton
devoid of extremities with the head
containing teeth, the whole skeleton
being embedded in a tough thermo-
plastic material based on synthetic iso-
cyanate rubber which simulates human
soft tissue in regard to attenuation of
diagnostic and therapeutic X-rays. The
phantom torso consists of transverse
sections, each 2.5 cm thick, which are
numbered consecutively, the top cra-
nial slice being “zero.” The sections
are penetrated by holes in which ther-
moluminescent  dosimeters can be
placed and exposed to radiation. Ther-
moluminescent dosimetry is accom-
plished through energy absorption by
lithium fluoride crystals.?® The crystals
used in this investigation were accu-
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rately positioned during measurements
of the dose. Harshaw TLD-100 lithium
fluoride crystals, 1 x 3.5 x 3.5 mm, were
used to measure the radiation. This is
in contrast to other methods of dosime-
try in which Sievert chambers or Vic-
toreen ionization chambers are used.

The radiation absorbed by the crys-
tals changes the energy state of internal
electrons within the crystal. The mag-
nitude of the exposure is determined
later by heating of the crystals under a
photomultiplier tube. As the crystal is
heated, it emits light in proportion to
the number of electrons which changed
their state as a result of the absorption
of radiation. The amount of thermo-
luminescence produced is directly pro-
portional to the radiation exposure.
The induced thermoluminescence was
measured in a nitrogen atmosphere in
an Eberline TLR-5 reader. The crys-
tals were calibrated against cobalt-60
sources calibrated by the National Bu-
reau of Standards. An energy correc-
tion of twenty percent was applied to
the observed exposures because of the
greater crystal sensitivity at X-ray ener-
gies compared with cobalt-60.2°

The levels in the phantom where the
thyroid is located are transverse sections
nine and ten. Anatomically, the thy-
roid is slightly below the hyoid bone
and extends downward to the sternal
notch and laterally to the medial bor-
ders of the sternocleidomastoid muscle,
approximating the levels of the bottom
of the fourth through seventh cervical
vertebrae. In older individuals it can
extend downward to the level of the
thoracic vertebrae. The topographical
anatomy of the thyroid was determined
on lateral and anteroposterior head
films.
Panoramic

In this study, therefore, the phantom
was positioned for panoramic exposure
after the crystals had been placed in
the appropriate holes at the ninth,

January 1977

N\

7 Film

Axis

Fig. 1 Diagram illustrating the rela-
tionship of the axes of rotation, in pano-
ramic exposures, to the mandible. The
lateral axes can be located immediately
outside of the mandibular ramus, as
shown here; they can also be in the man-
dible or medial to the mandibular ramus,
depending upon the kind of machine used
and the anatomic size of the patient.
Machines with continuously changing
axes of rotation tend to produce elliptical
exposure curves on the profile film, as
seen in Fig. 5, with end points approxi-
mately in the locations of the axes illus-
trated here.

tenth, and eleventh transverse levels.
Conventional exposures were made
with three different types of panoramic
machines. The exposure configuration
is illustrated in Figure 1, and the crys-
tal locations are shown in Figure 2.

In addition to the dosimetry studies
a profile of the primary beam emanat-
ing from a rotational axis was recorded
on film which had been contoured to
the outlines of transverse phantom sec-
tions nine and ten and was sandwiched
between these sections.

Cephalometric

In cases where cephalometric equip-
ment rather than panoramic equip-
ment is used, the thyroid is still at risk
because the circular primary beam pro-
duced in cephalometric examinations
includes the thyroid within its path, as
confirmed by the appearance of this
area in the film (Fig. 3). The upper
pole of the thyroid is usually located
anterior to the fourth cervical vertebra
in the lateral cephalometric view.
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Fig. 2 Diagram of phantom slabs indi-
cating the location of crystals used for
dosimetry. The sites selected are within
the expected location of the thyroid
gland.

Fig. 3 Cephalometric film demonstrat-
ing inclusion of cervical vertebrae in the
primary field. The upper pole of the thy-
roid gland is usually situated at the
level of the fourth cervical vertebra.
Limiting the primary beam to the region
above this vertebra will usually cut off
important landmarks along the inferior
border of the mandible, unless the face
is rotated upward; such rotation is not
desirable, however, because the strained
head posture distorts landmark relation-
ships.
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Fig. 4 Above, top view of lead-impreg-
nated collar showing one of two fasten-
ing strips. Below, collar in place on the
neck shielding the thyroid area, but not
interfering with landmark registration
on the film,

Dosimeter crystals were placed in the
phantom as indicated in Figure 2, and
conventional cephalometric exposures
were made at 68 kVp, 20 MA for 4
seconds at a 60-inch source-to-skin dis-
tance. A lead-impregnated collar was
designed to cover the thyroid area on
the phantom during cephalometric
procedures and modified for use on hu-
man subjects. This collar is shown in
Figure 4.

REesuLrTs

Panoramic

Dose readings obtained from the
panoramic equipment with the crystals
are listed in Table I. Table I shows
that, for unit 1, with the tube in the
“low” position, the thyroid is closer to
the axis of rotation than in the stand-
ard position. Slabs 10 and 11 are far-
ther from the axis of rotation in the
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TABLE 1

Thyroid doses in panoramic radiology (millirads per film)

Interior Top of Slabs

Skin Surface of

9 10 11 Slab 9

Panoramic R L R C L R C L R L
Unit 1 Tube Std. 8.1 8.4 11.0 11.0 9.0 3.7 3.0 3.4 5.8 11.7
Tube Low 35.0  36.0 11.0 13,0 11.0 * * * 35.0 31.0
Unit 2 Tube Std. 28.0 23.0 2.3 1.9 3.8 5.6 6.8 5.3 12.0 12.0
Tube Low 84,0 120.0 16.0 19.0 19.0 8.0 8.0 7.0 187.0  287.0
Unit 3 Tube Std. 460.0 432.0 80.0 82.0 76.0 24,0 27.0 27.0 97.0 106.0
Tube Low 673.0 858.0 145.0 139.0 138.0 34.0 30.9 29.8 555.0 812.0

*Measurement not possible (machine movement obstructed by immobility of phantom shoulder).

tube “low” position. For slab 9 the
dose in the tube “low” position is 35
millirads per film compared with 8 mil-
lirads per film for the standard or ideal
position. The low position gives appre-
ciably higher readings in all cases. Pan-
oramic unit 3 can be operated by the
split technique with two centers of ro-
tation. There is considerable variation
in the location of centers of rotation of
the different units, as indicated by the
widely differing dose values obtained
with unit 3. From slabs 9 to 11 there
is an enormous decrease in absorbed
dose, since the areas in slab 11 are far-
ther away from the center of rotation
of the primary beam. The dose is
greatest on the axis since the axis of
rotation in the tissue is always in the
beam during the entire procedure. The
dose decreases as a function of the
depth in tissue due to absorption. It
also decreases with the distance from
the axis of rotation. For example, the
skin dose in any one area over the thy-
roid is much less than the dose deep in
the tissue at the axis of rotation. The
lateral axes of panoramic machines are
in line with the long axis of the thyroid
gland; thus the gland may also be in
the axis field.

This was the case, as expected, for

each machine studied. The difference
is even more pronounced when the
teeth are positioned high on the film,
the beam being low on the patient ex-
posing the thyroid. The thyroid doses
are much higher when the tube is po-
sitioned low; this is probably due to
the position of the thyroid area in or
very close to the axis of rotation of the
primary beam. The surface dose with
the tube in the standard position is us-
ually less than the dose in deep tissue,
because the skin surface is farther from
the axes of rotation than the thyroid
itself.

These dosimetry figures should not
be considered as universal for pano-
ramic machines; variables such as the
position of the patient, the technique
used, and the length of the neck can
alter the measured dose values. In addi-
tion, it has been found that thyroid tis-
sue is present at lower neck levels in
older than in younger individuals. Ac-
cording to the measurements in the
average-man phantom, the thyroid area
receives appreciable doses during pano-
ramic procedures. In the child and
adolescent, in whom the neck is shorter
and the thyroid lies relatively higher,
one can expect doses higher than those
reported here. We were unable to study
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Fig. 5 Profile film showing the path of
axis movement for a machine with a
continuously changing center of rota-
tion. The movement of the axis is rela-
tively slow in the lateral segments, as
evidenced by the heavier exposure, and
thus higher tissue dose, near the lateral
axes. The three arrows indicate the two
lateral poles and one anterior pole in the
path of axis movement.
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thyroid doses in the child or young
adult, however, because no correspond-
ing phantoms are presently available.

A profile film is illustrated in Figure
5. This film was produced by radiation
from a panoramic X-ray machine with
a continuously changing axis of rota-
tion. The film density in the path of
rotation, ie., the much greater expo-
sure to the primary beam in the lateral
segments, indicates that the axis moves
very slowly per unit distance of travel as
opposed to the anterior segment which
shows a very light exposure indicating
more rapid movement of the beam.
Thus, since the beam moves very slow-
ly in the lateral segments, it has ap-
proximately the same effect on the
thyroid dose as a beamn with a station-
ary axis.

The dosimetry findings indicate that
if, in panoramic procedures, the film
has an unexposed band across the top,
or if the occlusal table is below the
midlevel of the film, the primary beam
was too low; this is demonstrated in
Figure 6. Conversely, if the mandible is
too low on a film, the retina and cor-
nea are brought into the radiation field.
Thus what may be considered an ac-
ceptable diagnostic film, since the den-

Fig. 6 Panoramic film taken with patient positioned too high resulting
in exposure of the thyroid area to the primary beam.
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Fig. 7 Diagram illustrating the rela-
tionship between primary beam width
and the diameter of the axis field, that
is, the area of continuous irradiation.

tal arch is completely visible, is not ac-
ceptable because it may cause unnec-
essary eye exposure. If the patient or
the rotating double-axis head, or both,
are not properly aligned, thyroid tissue
may be included in or close to the pri-
mary beam, resulting in unnecessary
exposure.

Even if the patient is in an optimal
position, there are inherent machine
factors such as beam height and beam
width which can be altered to mini-
mize exposure. Early observation dis-
closed that the relatively large width
{5 or 6 inches) of a typical panoramic
film made it possible to position the
dental area at varying heights on the
film and yet completely visualize the
dental arch. The width of the film used
determines the height of the beam. In-
spection of both types of exposed film
reveals that even the five-inch width
covers the profile of the jaws more than
adequately. Areas above and below the
jaws, such as the sinuses and orbits, are
projected onto the film. Because of the
relative movement of the beam which
blurs these areas, the patient gains
nothing from exposure to excessively
tall beams; we recommend using a
smaller width film and adjusting the
height of the beam to the film.

Not only the beam height should be
minimized, but the width as well. An-
toku?* measured a considerable reduc-
tion in thyroid dose when a narrow
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beam was used; he reported that a 1
cm-wide beam compared with a 0.5
cm-beam reduced thyroid exposure
from 269 millirads to 38 millirads.
This is because the width of the beam
determines the diameter of the radia-
tion field at the axis of rotation. The
wider the beam, the larger the area of
continuous irradiation of tissue, as dem-
onstrated in Figure 7. Since the thyroid
lies close to the rotational axis of pano-
ramic machines, a larger-diameter field
will increase the thyroid dose.
Cephalometric

In contrast to panoramic radiogra-
phy the X-ray beam in cephalometrics
is static; there is no movement of the
tube head. The dose to the right side
of the head was found to be higher
than that to the left, as shown in Table
I1, because the right side, being closer
to the X-ray tube, shields the left side.
The attenuation of the beam is greater
in slab 10 because this slab is thicker
laterally than slab 9. The doses in slab
10 are less also because it lies below the
lower edge of the primary beam.

In cephalometric procedures there
appears to be no way of removing the
thyroid from the primary beam because
changes in positioning would reduce
the diagnostic information obtained.
Therefore, attention was directed to
protecting the gland with a local radia-
tion shield. The lead-impregnated collar
previously mentioned was designed to
cover the thyroid area on the phantom
and was modified for use on human pa-
tients. The beam attenuation of one
thickness of this material was found to
be equivalent to that of 0.7 mm of lead,
based on both its mass and the attenua-
tion of 70 kVp X-rays. Measurement
with lithium fluoride crystals in air,
with no phantom to contribute to scat-
ter, revealed that a dose of 72 millirads
in front of the collar was reduced to
2.3 millirads after passing through the
absorbing material; thus the collar ma-
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TABLE II

Thyroid dosimetry in cephalometric radiography

Interior Top of Slabs Surface of
9 10 Slab 9
Dosimeter position (Fig. 2) R L R C L Skin
Without collar (Millirads/film) 85 23 17 10 6 45
With collar (Millirads/film) 13 8 4 4 3 12
Dose reduction (percent) 85 65 76 60 50 73

terial absorbs over 97 percent of the
primary radiation.

As shown in Table II, the collar ap-
plied to the phantom reduced doses
ranging from 50 to 85 percent, the
shielding effect being greater closer to
the right side of the phantom because
of increased internal scatter as the
beam traverses the phantom from the
right to the left side.

CONCLUSIONS

Radiation exposure from panoramic
equipment can be reduced significantly
by use of smaller film, adjustment of
the beam height to the height of the
smaller film, and careful positioning of
patients. These techniques have no ad-
verse effect on the quality of the diag-
nostic information needed in dentistry.

In addition to describing methods of
reducing exposures from panoramic
machines, this study demonstrates that
the use of a barrier collar during static,
cephalometric examinations can appre-
ciably reduce thyroid exposure. Since
the objective is to obtain diagnostic in-
formation from the film without irradi-
ating the thyroid, the application of a
lead-impregnated collar is a minor in-
convenience, easily borne by the patient
and operator. It should be noted that
the use of the collar during panoramic

examinations affords little or no protec-
tion since the relative motion of the
panoramic machine places the axis of
movement inside the head and neck of
the patient.

While the evolution of diagnostic ra-
diology may have reached a high level
of technical refinement of equipment
and film, the clinician still must avoid
unnecessary exposure for X-ray exami-
nations and must carefully select the
best type of examination to be used for
each patient. For example, a complete
panoramic examination to determine
the position of a known unerupted
third molar tooth is probably not an
exercise of good judgment since other
examinations, such as periapical, could
yield the same information with less
exposure. Decisions must be made with
good judgment, value being placed on
relative risks versus the benefits of diag-
nostic yield.

1525 East 53rd Street
Chicago, Illinois 60615
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