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INTRODUCTION

The possible deleterious effects of radiation on the health

of the population has been of considerable concern, particularly

for the past twelve years. Although the dental profession uses

small and, as far as an individual patient is concerned, infrequent

exposures, it has become increasingly aware of the amount of

radiation it contributes to the general population exposure. As

a result of this concern and awareness, steps have been taken to

reduce the amount of radiation resulting from dental radiography.

These measures have included better x-ray machines, improved

technics and faster film. Even when the exposure has been

reduced by these means, there is still need for concern by the

dental profession. When the best technics are properly employed,

the exposures are not large enough to produce immediately obvious

somatic effects, but some effects of radiation have been found to

be cumulative. In addition, the possibility of genetic effects,

which may be manifest in future generations, demands consideration.

It is imperative that the profession contribute only that amount

of radiation to the population that is necessary to obtain

diagnostically useful radiographs. Dental radiologists must provide 

the dental profession with related information and recommendations 
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if this is to be accomplished. This study is an attempt to explore

that part of the related information concerning localized doses

resulting from intraoral radiography.

Accurate measurements of localized doses of x-radiation

imparted to a patient when intraoral radiographs are taken have not

been accomplished until recently. This lack of data has been due

to a variety of factors. The factors have included: (1) the non­

availability of very small reliable dosimetric equipment required

for such measurements, (2) the radiation hazard associated with the

use of patients in achieving such measurements, and (3) the

necessity of placing radiation measuring devices in internal areas

of interest.

The first of the three factors was overcome by the use of a

thermoluminescent dosimetry system which utilized lithium fluoride

as a phosphor in very small tissue equivalent cylinders. The second

and third factors have been overcome by the utilization of a Mix D

phantom head and neck comprised of a skull and vertebra, with the

soft tissue being replaced by a tissue equivalent material (Mix D) .

The purpose of this investigation has been divided into

three aspects:

1. The construction of a suitable phantom head in which

dosimeters could be accurately placed at points of

interest.

2. Thermoluminescent dosimetry measurements of localized

radiation exposures resulting from a variety of

intraoral radiographic technics.
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3. The comparison of different radiographic procedures

based on exposure measurements at various anatomical

points throughout the head and neck. Members of the

dental profession utilize kilovoltage peaks that

generally range from 50 to 100. Additionally, cones of

various shapes and lengths (with and without heavy metal

linings) are employed. The study was designed to

determine the kilovoltage and cone type combination which

would deliver the smallest possible dose to various parts

of the patient's head and neck.



REVIEW OF THE LITERATURE

Phantom

A review of the literature revealed few published reports

regarding the construction of tissue equivalent head and neck

phantoms for radiation dose measurements during dental radiological

procedures.

Richards and Webber (1963 and 1964) used a water phantom to

measure radiation doses at a number of locations within the head

and neck during complete mouth radiographic surveys. The phantom

consisted of a human skull encased in a water-filled, plastic head.

Bjarngard et al. (1959) used a head-neck phantom to record doses at

various parts of the head and neck during complete mouth periapical

surveys. The phantom consisted of a cranium with the soft tissues

replaced by Mix D which consisted of 60.8 per cent paraffin, 30.4

per cent polyethylene, 6.4 per cent magnesium oxide and 2.4 per cent

titanium dioxide. Baily (1957) used a phantom constructed of

Lucite to determine doses delivered to the apical areas and the

thyroid gland during dental radiographic procedures. Hudson and

Kumpula (1955) utilized a phantom consisting of a human skull and

wax to measure doses produced by panoramic surveys with a proto-type

of the Panorex machine. Paatero (1962) used a similar "wax phantom" 
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to measure radiation doses at the centers of rotation and the sella

turcica during orthopantomographic surveys. Kuba and Beck (1968)

utilized an Average-man Rando Phantom for dose measurements during

dental radiographic surveys with the Panorex. The Rando Phantom

consisted of a human skeleton and teeth with replacement of the soft

tissues by a tissue equivalent plastic. Roderick (1959) described

both a head phantom and a dental phantom using Bio-Plastic as a

tissue equivalent material. The former consisted of a complete skull

mounted in plastic while the latter consisted of the left lower

two-fifths of a skull embedded in plastic.

Thermoluminescent Dosimetry

Thermoluminescent dosimetry is a relatively recent method for

the measurement of radiation doses. The phenomenon of thermo­

luminescence was described as far back as 1938 as being useful in

ceramic chemistry. It was not until 1949, however, that Daniels,

Boyd and Saunders suggested its use as a possible dosimetric tool for

radiation research. The same investigators further elaborated upon

this point in 1953. Since that time there has been a substantial

increase in the development and use of luminescent dosimetry

(Karzmark, Attix and Wingate, 1965). The most recent bibliography of

thermoluminescent dosimetry listed 505 references (Lin and Cameron,

1968).

A thermoluminescent dosimetry system is based upon the

principle that certain materials are thermoluminescent (Daniels,
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Boyd and Saunders, 1949; Daniels, Boyd and Saunders, 1953), ie, they

have the capacity to retain a portion of the energy that is absorbed

from their exposure to ionizing radiation. When these materials are

heated, the retained energy is released in the form of light. The

light can be detected and multiplied by a photomultiplier tube.

By a process of integration with the proper electronic circuitry,

the amount of light released can be directly related to the amount

of radiation to which the phosphor was exposed (Cameron et al., 1964).

Such a system allows measurements over a wide range of from 10 mR to

100,000 R (Naylor, 1966) . The precision over most of the range is

two per cent (Cameron et al., 1961). The accuracy of low dose

measurements can be increased by reducing the background during

readout (Karzmark, Attix and Wingate, 1965). Background reduction

is best accomplished by having an inert gas, such as nitrogen, flow

around the thermoluminescent material during readout (McCall, 1965).

Of the several phosphors that are presently available for

thermoluminescent dosimetry, lithium fluoride has been the most

widely used. Lithium fluoride is inert, stable in air, insoluble

and non-toxic (Cameron et al., 1961). The thermoluminescence of

lithium fluoride has an almost linear response to the amount of

radiation from 10 mR to many kR (Cameron et al., 1961; Karzmark,

White and Fowler, 1964). Because of the low atomic numbers of both

lithium and fluorine, the energy dependence of lithium fluoride is

low compared to that of other dosimeters (Cameron et al., 1964;

Wharton and Holloway, 1966). Con-Rad 7 lithium fluoride is energy 
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independent within plus or minus five per cent from 1.3 meV down to

10 keV (Controls for Radiation Technical Data, 1966 unpublished).

This phosphor has been found to be dose-rate independent for rates
g

up to 2 x 10 R per second; gamma or x-rays (Karzmark, White and

Fowler, 1964). Excellent long term dose storage properties were

exhibited by lithium fluoride; less than five per cent loss of
thermoluminescence is experienced at 20° C or 68° F over a period

of one year (Cameron et al., 1964). An additional advantage of

using lithium fluoride is the fact that with proper annealing

procedures, the phosphor is reusable many times (Cameron et al.,

1964). Proper calibration of the sensitivity of the material is,

however, essential following each annealing process (Naylor, 1966).

Exposure and Dose Measurements Related

to Dental Radiography

Nolen (1953), using 65 kVp, 10 mA and an 8 inch focal distance

for a twenty-eight film series with a total exposure time of 75

seconds, determined 3.2 R per second as the output of the machine.

The same investigator using 45 kVp, 10 mA and an 8 inch distance for

a twenty-five film series with a total exposure time of 70 seconds

reported 4.5 R per second as the machine output. The amount of

filtration was not mentioned in either instance. The first proce­

dure yielded a total exposure of 238 R while the second yielded 315 R.

Stanford and Vance (1955) used 65 kVp and 10 mA for a fourteen 
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film series with a total exposure time of 14 seconds. With no added

filtration and with a half value layer (hvl) of 1.0 mm Al the output

was 2.1 R per second or 29.4 R total at the cone tip.

Budowsky et al. (1956) used 65 kVp and 10 mA for a fourteen

film series with a total exposure time of 41 seconds. With 0.5 mm Al

filtration added, they reported an average skin dose of 76.9 R in the

maxillary bicuspid region.

Richards (1958) reported that the skin dose over the region

of the maxillary bicuspids was 6.5 R. The total amount of radiation

used in exposing a fourteen film periapical series was 23.8 R. He

utilized 65 kVp, 10 mA, a total filtration equivalent to 2.25 mm Al

and a 7 inch target to skin distance.

Baily (1957), using an eight inch source to film distance,

reported the following:

kVp

Initial
Filtration

(mm Al)

Added
Filtration

(mm Al)

Total
Filtration

(mm Al)

Half
Value Layer

(mm Al)

Surface
Dose

(R/min)

60 1.2 0 1.2 1.03 132.0

60 1.2 1.0 2.2 1.71 72.2

65 1.2 0 1.2 1.15 163.0

65 1.2 1.0 2.2 1.75 91.9

Using a series of fourteen apical films, he determined that the dose

to the thyroid was 0.86 R for adults and 0.33 R for children when

using 60 kVp with 1.2 mm Al total filtration; with 2.2 mm Al total 
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filtration, the thyroid dose was 1.1 R for adults and 0.50 R for

children.

Blackman and Greening (1957) compared thyroid and eye

exposures using different field sizes. Using 60 kVp and an 8 inch

source to film distance for a fourteen film series, field sizes of

4.32 and 2.40 inches were used. The former yielded a thyroid

exposure of 26 R and an eye exposure of 32 R. The latter produced

no measurable radiation at the skin of the thyroid and 21 R at the

eye.

Etter et al. (1958) reported the thyroid exposure was 34 R

when a fourteen film series with a total exposure time of 26.3

seconds was performed using 65 kVp and 10 mA with no added filtration;

the exposure following a fourteen film, 10.4 seconds total exposure

time series was 5 R when 70 kVp and 10 mA were used with 2.0 mm Al

added filtration. The degree of beam collimation was not stated.

Bjarngard et al. (1959), using 60 kVp, 10 mA, a 3.5 R per

second machine output, a target to cone tip distance of 5.5 inches

and no added filtration (hvl 1.2 mm Al), reported dose measurements

following fourteen film surveys; the total exposure time for each

survey was 30.5 seconds. Doses reported included 1.5 R at the eye,

0.5 R for the thyroid, 2.0 R for the submandibular glands and 35.0 R

at a point in the mouth where all exposure fields overlapped.

Richards and Webber (1964), using 65 kVp, 10 mA, a 1.1 R per

second machine output, a focal spot to cone tip distance of 8.2 inches

a total filtration of 2 mm Al (hvl 1.85 mm Al), reported exposure 
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measurements resulting from two bite-wing and fourteen periapical

exposures. The total exposure time for each survey was 6.4 seconds,

and the total radiation involved was 7.04 R. The measurements

recorded were an eye exposure of 0.105 R, a posterior tongue at the

midline exposure of 0.443 R, a submandibular gland exposure of

0.139 R, a parotid gland exposure of 0.0795 R, a pituitary gland

exposure of 0.071 R and a thyroid exposure of 0.088 R. The same

investigators reported similar measurements using 90 kVp, the same

milliamperes and filtration, a half value layer of 2.60 mm Al and a

machine output of 2.2 R per second at the same focal spot to cone

tip distance. The same bite-wing and periapical exposures were made

with the total exposure time being 2.56 seconds and the total amount

of exposure being 5.64 R. Their results showed an eye exposure of

0.106 R, a posterior tongue at the midline exposure of 0.462 R, a

submaxillary gland exposure of 0.158 R, a parotid gland exposure of

0.085 R, a pituitary gland exposure of 0.066 R and a thyroid gland

exposure of 0.092 R.

Howley et al. (1968), in comparing patient exposures resulting

from panoramic technics and conventional complete mouth radiographic

technics, reported 0.0036 R at the level of the eye and 0.010 R at

the level of the thyroid when conventional technics were used for a

fourteen film survey.

Barr and Brockman (1960) reported surveying 200 dental x-ray 

installations in the Boston, Massachusetts area. The number of



11

Roentgens in air at the patient's skin per complete mouth radio­

graphic examination ranged from 2.2 R to 158.0 R with a mean of 36.6

R per patient. Their results were analyzed on the basis of the

number of films per complete mouth examination, total filtration of

the beam, diameter of the beam, operating kilovoltage, film emulsion

speed and film developing procedures.

In 1966, van Aken and van der Linden compared integral absorbed

doses resulting from conventional periapical radiography with doses

resulting from surveys with the Panoramix and the Orthopantomograph.

On the basis of integral absorbed doses (expressed in gram rads or

ergs), they reported that for conventional technics increases in

kVp reduced the amount of radiation the patient receives but not by

an amount as great as changes in skin exposures suggested.

Etter (1956) reported that added filtration and increased

kilovoltage and distance reduced the dose to the patient during

dental radiographic procedures. He reported that when DuPont Film

No. 550 was used, the exposures required per film using 2 mm Al

filtration and an 8 inch distance for 60, 75 and 90 kVp were 3.54,

1.95 and 0.79 R respectively. When DuPont Film No. 555 was used

under similar circumstances, but with a 16 inch distance, the

exposures required were 0.46, 0.27 and 0.09 R respectively.

Winkler (1964) reported exposures to selected regions of the

head and neck for a twenty-two film intraoral series. The factors

he used were 90 kVp, 15 mA, 2 mm total filtration, a 16 inch source 

to film distance, a 2.75 inch diameter beam and a lead lined open 
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end cone. For a total of twenty-two films, he reported an exposure

at the tip of the cone of 3.85 R, an exposure to the corneal surface

of the eye of 1.13 R and an exposure to the marrow space within the

mandible of 0.78 R. Exposures at the parotid, thyroid and pituitary

glands were 0.48, 0.35 and 0.062 R respectively.

The articles reported above tended to lack certain pertinent

aspects of exposure data. In particular, the type of cone used was

not described. It is likely that the short pointed plastic cone

was most often used, but this can only be surmised. The use of

heavy metal liners inside plastic cylinders has not been stressed 

until recently.



MATERIALS AND METHODS

Phantom

1) Measured amounts of paraffin, titanium dioxide and

magnesium oxide (TiC^ and MgO) were placed in a boiler over a

burner. (Each batch of Mix D contained 91.2 per cent paraffin,

2.4 per cent TiO and 6.4 per cent MgO.) As the paraffin melted,

the Ti02 and MgO were incorporated into the mixture. The dry

mandible into which holes had been drilled along the inferior border

and the condylar head was immersed in a boiling solution and allowed

to remain for over an hour after which the boiler was removed from

the heat. When the mixture was hard enough so the solution would

no longer flow, the mandible was removed from the boiler. The

mandible was weighed before and after boiling to determine how much

Mix D had been absorbed. Twelve grams were absorbed as the mandible

weighed 69.5 gm before and 81.5 gm after treatment.

2) Measured amounts of ingredients were placed in the top

container of a double boiler and the mixture was obtained as in

the first step. After a brief cooling period with repeated stirring,

the semi-liquid mixture was applied to the internal surfaces of the

cranial cavity. After the first layer hardened, the cranial cavity 

was filled incrementally to the level where the cranium had been 
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sectioned. The removable top of the cranium was similarly filled

with Mix D. The mixture was softened at the surface of each, and

immediate pressure was applied to obtain a union between the two.

3) The external layers of Mix D were applied in a similar

manner. First a semi-liquid layer was applied to all surfaces;

then the desired thickness in each area was obtained by incremental

additions of the material.

4) Using boxing wax and lubricated aluminum foil as a form,

the back of the neck was added to the base of the skull. The loose

vertebra were then positioned and stabilized using cooled Mix D.

Warm, moldable Mix D was then applied around the vertebra, and the

posterior two-thirds of the neck was completed.

5) Incremental layers of Mix D were then added to the

mandible for the simulation of the cheek, chin, buccal mucosa,

floor of the mouth, tongue and anterior one-third of the neck.

6) The two parts of the phantom, the skull with the posterior

two-thirds of the neck and the mandible with the anterior one-third

of the neck, were then altered so they could fit together and stand

as a single head and neck phantom but could still be easily separated

for dosimeter placement (Fig. 1).

During phantom construction, provisions were made for the

placement of dosimeters at internal locations. A lubricated plastic

rod, whose base was on the sella turcica, remained in place during

the filling of the cranial vault with Mix D. A hole through the
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upper cranial cap allowed removal of the rod when the phantom was

completed. Similarly, rods to the submandibular fossae remained in

place when the tongue and floor of the mouth were simulated with

the mixture. These relatively tissue equivalent rods not only

preserved a pathway to the internal areas but also served as

dosimeter holders.

After phantom construction was completed, additional dosimeter

locations were provided. Orbital locations were provided by carving

dosimeter-size spaces in the Mix D simulated eyeballs. Similar

spaces were provided in the base of the tongue and in the thyroid

and parotid areas. To gain access to the maxillary sinuses, holes

were drilled through the simulated maxillary gingiva and through

the bone above the apices of the maxillary first molar teeth. To

gain access into the mandible, a dosimeter-size hole was drilled in

a horizontal plane through the simulated cheek and the mandibular

buccal cortex in the area of the first molar tooth.

In addition to dosimeter locations, a slot was prepared in

the Mix D just lingual to the left mandibular molar teeth. This

slot was provided to facilitate the placement of intraoral radio­

graphic film, the densities of which were used to establish a base

line for exposure times to be used in radiographic procedures.

Thermoluminescent Dosimetry

The thermoluminescent phosphor utilized was Con-Rad Type 7

lithium fluoride in the form of a loose powder. Prior to exposure 
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to radiation, the phosphor was annealed using recommended technics.

The annealing process was accomplished in a Thermolyne Type 1300

Furnace with a stepless input control (Fig. 2).

Following each annealing process, the sensitivity of the

lithium fluoride was determined by irradiating the phosphor with a

known amount of radiation. The known radiation amounts were from

sources yielding half value layers comparable to those used in the

study.

A mechanical Con-Rad phosphor dispenser (Fig. 2) was used to

dispense the phosphor into tissue equivalent polyethylene capsules.

The capsules were cylindrical in shape; their length was 17 mm, and

their outside diameter was 5 mm.

Fourteen dosimeters were utilized with each survey. Prior

to exposures, 12 dosimeters were placed on or within the phantom

and two were positioned externally for entrance and exit dose measure­

ments. They were numbered as follows and were located in the

following positions.

1. Entrance - Suspended by cellophane tape in the center

of the open end cones. Attached to the tip of the

pointed cone.

2. Exit - Suspended from the tip of a localizer which is

described under X-Radiation Equipment and Devices in

Materials.

3. Thyroid - Rested in a groove created in the Mix D on the

anterior aspects of the neck (Fig. 3). Shape of the
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groove corresponded to the shape of the capsule so that

the location was exact for each placement.

4. Body of mandible - Rested within the body of the mandible

just inside the buccal cortex at the level of the apex

of the first molar (Fig. 4). A plug of Mix D was

inserted after placement of the capsule to stabilize

the position of the capsule.

5. Left submandibular gland - Attached by means of cello­

phane tape to the end of a plastic rod. The plastic

rod was inserted into a slot, the opening of which was

just lingual to the angle of the left side of the mandible

(Fig. 5). The rod was removable using forceps to grasp

its exposed, external end.

6. Right submandibular gland - Attached by means of cello­

phane tape to the end of a plastic rod. The plastic rod

was inserted into a slot, the opening of which was just

lingual to the angle of the right side of the mandible

(Fig. 5). The rod was removable using forceps to grasp

its exposed, external end.

7. Left parotid area - Rested in a groove created in the

Mix D posterior to the ramus of the left side of the

mandible (Fig. 5). The top of the capsule was 7 mm

from the superior aspect of the mandibular condylar 

head.
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8. Right parotid area - Rested in a groove created in the

Mix D posterior to the ramus of the right side of the

mandible (Fig. 5). The top of the capsule was 10 mm

inferior to superior aspect of the mandibular condylar

head.

9. No dosimeter was given the number 9. This was done to

eliminate possible confusion with dosimeters given the

number 6.

10. Left maxillary sinus - Attached by means of cellophane

tape to the end of a plastic rod (Fig. 5). The dosimeter

rested against the posterior roof and the medial wall of

the sinus. The rod was removable with forceps when the

two parts of the phantom were separated.

11. Right maxillary sinus - Attached by means of cellophane

tape to the end of a plastic rod (Fig. 5). The dosimeter

rested against the lower posterior part of the medial

wall of the sinus. The rod was removable with forceps

when the two parts of the phantom were separated.

12. Base of the tongue - Rested in a groove created in the

Mix D in the posterior one-fourth of the Mix D

simulated tongue (Fig. 4).

13. Left corneal surface - Rested in a groove created in

the Mix D simulated left eyeball (Fig. 3).

14. Right corneal surface - Rested in a groove created in

the Mix D simulated right eyeball (Fig. 3).
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15. Sella turcica - Attached by means of cellophane tape to

the end of a plastic rod. The rod protruded from the

top of the phantom head and was easily removable

(Fig. 8).

Following each survey, the dosimeters were removed

systematically to avoid confusion in dosimeter numbers. They were

stored in a lead-lined box to prevent possible exposures unrelated

to the surveys.

Following a recommended storage period of at least 24 hours,

the lithium fluoride was transferred to metal planchets for readout.

To insure maximal transfer, the capsules were grasped with forceps

which, in turn, were tapped forcefully on the table top to expel all

of the lithium flouride. Readouts were then accomplished with a

Con-Rad Model 5100A Readout Instrument (Fig. 2) which heated the

exposed phosphor, measured the light emitted from the phosphor and

presented the results digitally. Prior to each readout series, the

readout machine was allowed to warm up for at least two hours. The

voltage was standardized for all readouts with the aid of light

sources provided by Controls for Radiation.

An inert gas flow system utilizing nitrogen was employed in

conjunction with the readout instrument to reduce the background

during readout and increase the accuracy of low dose measurements.

Background measurements were made by reading out five unirradiated

samples from the same batch of lithium fluoride.
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X-Radiation Equipment and Devices

1) A Weber Model 90 Dental X-Ray Machine was employed as the

radiation generator. The milliamperage range of the machine was

from 0 to 15 mA, and the kilovoltage range was from 50 to 90 kVp.

The total filtration was 2.5 mm Al for all exposures.

2) Five different cones  were used in the study (Fig. 6).*

These included:

1. An 11.75 inch plastic open end cone with a lead lining.

2. An 11.75 inch plastic open end cone with no lead lining.

3. A 4.0 inch plastic open end cone with a lead lining.

4. A 4.0 inch plastic open end cone with no lead lining.

5. A 4.0 inch pointed closed plastic cone.

3) A localizer (Fig. 7) was constructed to support a dosimeter

at the exit port. Its proximal end was designed to be attached to

the cone in use while its distal end was suspended in air on the

opposite side of the phantom.

4) Lead washers were used to collimate the diameter of the

These devices, which serve to establish the geometrical
relationship and distance between the source of radiation and the
film or object being radiographed, are not true cones. In this study,
four of the "cones" were cylinders, and one was an inverted cone.
The reason for their being referred to as cones is that true cones
were used to collimate x-ray beams in the early years of diagnostic
radiology. Collimation is now accomplished with lead diaphragms
instead of cones, but the term "cone" to describe devices between
the x-ray machine tube head and the patient has remained in use.
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beam at the ends of the cones to 2.75 inches. The diameter of the

aperture for the washers used with the 11.75 inch cones was 0.5

inches; that used with the 4.0 inch cones was 1 inch.

5) Kodak Ultra-Speed film was used for making mandibular

molar periapical radiographs.

6) A Macbeth densitometer was used for density measurements

on the radiographs mentioned above.

Radiographic Procedures

The five cones described under Materials and Methods were

used in combination with three kilovoltages (60, 75 and 90 kVp) to

obtain fifteen different technics. These technics included:

1. 60 kVp with long open end cone with lead liner  * **

2. 60 kVp with long open end cone without lead liner

3. 60 kVp with short open end cone with lead liner

4. 60 kVp with short open end cone without lead liner

5. 60 kVp with short pointed cone

6. 75 kVp with long open end cone with lead liner

7. 75 kVp with long open end cone without lead liner

*The thickness of the lead lining was 0.3 mm.

**The thickness of the plastic at the point of the cone was
4.0 mm. The thickness of the sides was 1.0 mm, but since the x-rays
did not strike the sides at right angles, the amount of plastic
through which the x-ray passed was approximately 3.0 mm.
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8. 75 kVp with short open end cone with lead liner

9. 75 kVp with short open end cone without lead liner

10. 75 kVp with short pointed cone

11. 90 kVp with long open end cone with lead liner

12. 90 kVp with long open end cone without lead liner

13. 90 kVp with short open end cone with lead liner

14. 90 kVp with short open end cone without lead liner

15. 90 kVp with short pointed cone

For each of the above technics, three complete mouth radio­

graphic surveys were simulated - yielding a total of forty-five

surveys.

To facilitate randomization and statistical analysis of the

results, the five cones were labeled as technics (T) as follows:

T^ - 11.75 inch plastic open end cone with a lead lining

T2 - 11.75 inch plastic open end cone with no lead lining

T3 - 4.0 inch plastic open end cone with a lead lining

Ta - 4.0 inch plastic open end cone with no lead lining

T^ - 4.0 inch pointed closed plastic cone

The kilovoltages (K) were denoted as:

Kx - 60 kVp

K-2 - 75 kVp

K3 - 90 kVp

The forty-five surveys were divided into three replicates of fifteen

surveys each. The replicates I, II and III and the order in which 

the surveys were done are seen in Tables 1, 2 and 3.
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TABLE 1

REPLICATE I OF RADIOGRAPHIC PROCEDURES

Series Technic kVp

1 2 60

2 2 90

3 2 75

4 3 60

5 3 75

6 3 90

7 1 90

8 1 75

9 1 60

10 5 75

11 5 90

12 5 60

13 4 90

14 4 75

15 4 60
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TABLE 2

REPLICATE II OF RADIOGRAPHIC PROCEDURES

Series Technic kVp

16 4 60

17 4 75

18 4 90

19 1 60

20 1 90

21 1 75

22 2 75

23 2 90

24 2 60

25 5 75

26 5 90

27 5 60

28 3 90

29 3 60

30 3 75
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TABLE 3

REPLICATE III OF RADIOGRAPHIC PROCEDURES

Series Technic kVp

31 4 60

32 4 75

33 4 90

34 3 90

35 3 75

36 3 60

37 2 90

38 2 60

39 2 75

40 1 90

41 1 60

42 1 75

43 5 75

44 5 90

45 5 60
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Prior to beginning experimental surveys, machine outputs

and the first and second half value layers in the open beam were

determined. These procedures were necessary to allow comparison

of these results with those of other studies.

Measurements to determine machine outputs were made both

with a Victoreen ionization chamber and TLD. Measurements were

consistent using both methods; the results are summarized below:

kVp mA

Total
Filtration

(mm Al)

Source To
Point of Measurement
Distance (inches)

Output
(R/sec)

60 10 2.5 8 0.85

60 10 2.5 16 0.23

75 10 2.5 8 1.12

75 10 2.5 16 0.29

90 10 2.5 8 1.65

90 10 2.5 16 0.39

Measurements to determine first and second half value layers

were made with a Victoreen ionization

results were obtained:

chamber, and the following

kVp mA

Total
Filtration

(mm Al)
1st hvl
(mm Al)

2nd hvl
(mm Al)

60 10 2.5 2.25 3.50

75 10 2.5 2.60 4.05

90 10 2.5 3.00 4.90
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Since the source to film distance varied among the technics

and since three different kilovoltages were used, it was necessary 

to determine exposure times for each technic. To establish a base

line from which exposure times could be calculated, periapical

radiographs were taken in the mandibular molar area of the phantom.

(The films were placed in a slot in the Mix D just lingual to the

molar teeth.) (Fig. 4). In an effort to obtain diagnostically

useful films with comparable densities, six films were taken by

each technic using a range of exposure times. The films were all

processed together using recommended processing technics, and their

densities above fog were compared. Densitometric measurements were

made with a Macbeth densitometer.

To standardize the location on the films at which density

measurements were made, a metal ring was imbedded in the Mix D

posterior to the second molar tooth. All density measurements were

made in the area encircled by the ring which appeared radiopaque on

the radiograph. The exposure times required to yield densities

approximating 1.5 are shown in Table 4. Attempts to achieve more

consistent densities were limited by the inflexibility of the x-ray

machine timer settings.*

Using Table 4, exposure times were established as follows

*The timer settings in seconds on the machine timer were 1/30,
1/20, 1/15, 1/10, 1/8, 3/20, 1/5, 1/4, 3/10, 4/10, 1/2, 6/10, 3/4,
and 1.
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TABLE 4

EXPOSURE TIMES REQUIRED BY VARIOUS TECHNICS TO PRODUCE SIMILAR
FILM DENSITIES IN THE MANDIBULAR MOLAR REGION

Type Cone

Source Film
Distance
(inches) kVp mA

Exposure
Time
(sec) Density

11.75 inch open end
lead-lined cone 16 60 10 3/4 1.53

16 75 10 1/2 1.42
16 90 10 4/10 1.42

11.75 inch open end
unlined cone 16 60 10 3/4 1.55

16 75 10 1/2 1.42
16 90 10 4/10 1.45

4.0 inch open end
lead-lined cone 8 60 10 3/10 1.75

8 75 10 1/5 1.55
8 • 90 10 3/20 1.53

4.0 inch open end
unlined cone 8 60 10 3/10 1.75

8 75 10 1/5 1.60
8 90 10 3/20 1.53

4.0 inch closed
pointed cone 8 60 10 3/10 1.47

8 75 10 1/5 1.42
8 90 10 3/20 1.35
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film distances:
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kVp

Target-Film
Distance
(inches)

Exposure
Time

(seconds)

60 8 3/10
16 3/4

75 8 1/5
16 1/2

90 8 3/20
16 1/4

Exposure times for other areas of the mouth were calculated by

altering the exposure times above according to the recommendations

of the film manufacturer. The alterations for 8 and 16 inch target

to film distances involved decreasing the exposure times for mandib­

ular incisor, cuspid and bicuspid and maxillary cuspid exposures by

25 per cent. The exposure time was increased by 33 per cent for

maxillary molars and was unchanged for maxillary incisors and

bicuspids. The exposure times used for bite-wing technics in the

molar and bicuspid areas were the same as those for the maxillary

molars and bicuspids respectively. The exposure times that were

determined in the above manner and used in the surveys are shown

in Table 5. The total exposure times for 16 inch technics were

approximately double the total exposure times for 8 inch technics

for each kilovoltage. According to the inverse square law, the

times for the 16 inch technics should have been approximately four
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TABLE 5

EXPOSURE TIMES IN SECONDS FOR DIFFERENT ANATOMICAL AREAS USING
VARIOUS KILOVOLTAGES AND TARGET TO FILM DISTANCES

Number of
Exposures

60
8 in.

kVp
16 in.

75
8 in.

kVp
16 in.

90 kVp
8 in. 16 in.

Mandibular Molar 2 3/10 3/4 1/5 1/2 3/20 4/10

Mandibular Bicuspid 2 1/4 1/2 3/20 4/10 1/8 3/10

Mandibular Cuspid 2 1/4 1/2 3/20 4/10 1/8 3/10

Mandibular Incisor 2 1/4 1/2 3/20 4/10 1/8 3/10

Maxillary Molar 2 1/2 1 3/10 3/4 1/4 6/10

Maxillary Bicuspid 2 3/10 3/4 1/5 1/2 3/20 4/10

Maxillary Cuspid 2 1/4 1/2 3/20 4/10 1/8 3/10

Maxillary Incisor 3 3/10 3/4 1/5 1/2 3/20 4/10

Molar Bite-wings 2 1/2 1 3/10 3/4 1/4 6/10

Bicuspid Bite-wings 2 3/10 3/4 1/5 1/2 3/20 4/10

TOTAL 21 6.7 14.75 4.2 10.8 3.35 8.4
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times as great. This discrepancy was due to the determination of

exposure times on the basis of comparable film densities and

subsequent adjustments for various anatomical areas.

The positions of the phantom and x-ray apparatus were

standardized in order to insure relationships as nearly similar as

possible for all simulated surveys.

The standardization of phantom position and phantom-cone end

relationships for all simulated exposures was accomplished as

follows:

1. A table was attached to the floor so that it remained

stationary throughout the study. It was placed 11.5 inches

from and directly in front of the x-ray machine which was

also fixed to the floor.

2. A wooden box was constructed upon which the phantom could

be placed during exposures. The box could be turned such

that it was 9-5/8 inches high for maxillary exposures and

12 inches high for mandibular exposures. The position

of the box on the table top was outlined by wooden strips.

To prevent movement of the box, three sides of the box

rested against the strips when the box was in place.

3. The position of the base of the phantom for each exposure

was delineated on the appropriate surface of the wooden

box (Fig. 8). These positions are predetermined on the

basis of operator judgment and experience and remained

constant for all technic/kilovoltage combinations. There
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were nine positions for maxillary exposures and eight for

mandibular exposures. Figure 8 shows the positions

utilized for maxillary exposures.

4. The standardization of the phantom-cone end relationship

was facilitated by the use of rulers which were attached to

the box. The location of the top of the cone was marked

on the rulers at 7 inches for maxillary exposures and 2-1/2

inches for mandibular exposures. The horizontal angulation

was on the zero mark for all exposures while the vertical

angulation was +5° for maxillary and bite-wing exposures

and -5° for mandibular exposures. The x-ray tube head was

not moved except to change angulations for maxillary and

mandibular exposures.



RESULTS

A Mix D phantom head and neck was constructed as outlined

under Materials and Methods. The phantom was constructed so that

accurate placement of dosimeters prior to each radiographic survey

and easy removal following each survey were possible.

Forty-five readouts for each of 14 dosimeters used in each

survey were recorded on data sheets. The error in readouts

related to thermoluminescent dosimetry ranged from 2 per cent,

when the dose was greater than 1.00 R, to 12 per cent, when the

dose was less than 0.050 R. The results in rads were tabulated

according to technics as shown in Tables 6 through 10 and according

to kilovoltages as shown in Tables 11 through 13. The technics, as

noted under Radiographic Procedures were:

T^ - 11.75 inch plastic open end cone with a lead lining

To - 11.75 inch plastic open end cone with no lead lining

Tg - 4.0 inch plastic open end cone with a lead lining

One rad (radiation absorbed dose) is equal to 100 ergs per
gram of any absorber. For practical purposes in diagnostic
radiology, a rad is equal to a Roentgen which by definition is that
amount of x or gamma radiation such that the associated corpuscular
emission per 0.001293 gm of air produces in air ions carrying one
electrostatic unit of quantity of electricity of either sign. The
rad measures the radiation dose; the Roentgen measures the radiation
exposure. Rads are used in this study since the amount of radiation
was that absorbed by lithium fluoride.
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TABLE 6

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING TECHNIC 1 WITH VARIOUS KILOVOLTAGES

Dosimeter
Location 60 kVp 75 kVp 90 kVp

1 3.800 3.700 3.800

2 0.078 0.045 0.042

3 0.023 0.025 0.017

4 0.306 0.371 0.402

5 0.140 0.208 0.233

6 0.216 0.249 0.264

7 0.127 0.190 0.111

8 0.468 0.571 0.566

10 0.472 0.418 0.395

11 0.394 0.405 0.421

12 0.373 0.453 0.399

13 0.044 0.068 0.067

14 0.036 0.046 0.043

15 0.030 0.036 0.030
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TABLE 7

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING TECHNIC 2 WITH VARIOUS KILOVOLTAGES

Dosimeter
Location 60 kVp 75 kVp 90 kVp

1 4.100 4.200 4.400

2 0.030 0.040 0.033

3 0.040 0.110 0.038

4 0.428 0.462 0.552

5 0.255 0.223 0.308

6 0.271 0.346 0.352

7 0.375 0.397 0.306

8 0.522 0.590 0.709

10 0.532 0.638 0.683

11 0.516 0.593 0.517

12 0.377 0.403 0.439

13 0.163 0.206 0.212

14 0.152 0.171 0.186

15 0.040 0.057 0.054
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TABLE 8

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING TECHNIC 3 WITH VARIOUS KILOVOLTAGES

Dosimeter
Location 60 kVp 75 kVp 90 kVp

1 3.900 4.200 4.300

2 0.030 0.032 0.056

3 0.020 0.021 0.033

4 0.502 0.470 0.532

5 0.247 0.266 0.324

6 0.313 0.271 0.378

7 0.318 0.220 0.233

8 0.723 0.680 0.670

10 0.681 0.593 0.818

11 0.650 0.613 0.659

12 0.494 0.435 0.560

13 0.064 0.050 0.076

14 0.052 0.053 0.057

15 0.047 0.053 0.064
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TABLE 9

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING TECHNIC 4 WITH VARIOUS KILOVOLTAGES

Dosimeter
Location 60 kVp 75 kVp 90 kVp

1 4.200 4.200 4.500

2 0.042 0.041 0.040

3 0.039 0.039 0.041

4 0.546 0.548 0.574

5 0.308 0.321 0.411

6 0.319 0.376 0.402

7 0.410 0.358 0.412

8 0.823 0.785 0.755

10 0.780 0.746 0.754

11 0.695 0.590 0.584

12 0.455 0.430 0.531

13 0.320 0.230 0.213

14 0.225 0.139 0.170

15 0.069 0.075 0.085
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TABLE 10

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING TECHNIC 5 WITH VARIOUS KILOVOLTAGES

Dosimeter
Location 60 kVp 75 kVp 90 kVp

1 4.000 4.200 4.500

2 0.020 0.026 0.035

3 0.041 0.043 0.051

4 0.450 0.352 0.434

5 0.257 0.244 0.304

6 0.271 0.304 0.282

7 0.401 0.267 0.290

8 . 0.866 0.632 0.721

10 0.629 . 0.578 0.679

11 0.621 0.502 0.596

12 * 0.519 | 0.438 0.486

13 0.323 0.323 0.361

14 0.218 0.249 0.297

15 0.149 0.096 0.093
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TABLE 11

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING 60 kVp WITH TECHNICS 1, 2, 3, 4 and 5

Dosimeter
Location Technic 1 Technic 2 Technic 3 Technic 4 Technic 5

1 3.800 4.100 3.900 4.200 4.000

2 0.078 0.030 0.030 0.042 0.020

3 0.023 0.040 0.020 0.039 0.041

4 0.306 0.428 0.502 0.546 0.450

5 0.140 0.255 0.247 0.308 0.257

6 0.216 0.271 0.313 0.319 0.271

7 0.127 0.375 0.318 0.410 0.401

8 0.468 0.522 0.723 0.823 0.866

10 0.472 0.532 0.681 0.780 0.629

11 0.394 0.516 0.650 0.695 0.621

12 0.373 0.377 0.494 0.455 0.519

13 0.044 0.163 0.064 0.320 0.323

14 0.036 0.152 0.052 0.225 0.218

15 0.030 0.040 0.053 0.069 0.149
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TABLE 12

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING 75 kVp WITH TECHNICS 1, 2, 3, 4 and 5

Dosimeter
Location Technic 1 Technic 2 Technic 3 Technic 4 Technic 5

1 3.700 4.200 4.200 4.200 4.500

2 0.045 0.040 0.032 0.041 0.035

3 0.023 0.110 0.021 0.039 0.051

4 0.371 0.462 0.470 0.548 0.434

5 0.208 0.223 0.266 0.321 0.304

6 0.249 0.346 0.271 0.376 0.282

7 0.190 0.397 0.220 0.358 0.290

8 0.571 0.590 0.680 0.785 0.721

10 0.418 0.638 0.593 0.746 0.679

11 0.405 0.593 0.613 0.590 0.596

12 0.453 0.403 0.435 0.430 0.486

13 0.068 0.206 0.050 0.280 0.361

14 0.046 0.171 0.053 0.139 0.297

15 0.036 0.057 0.053 0.075 0.093
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TABLE 13

DOSES IN RADS AT DOSIMETER LOCATIONS IN AND AROUND THE PHANTOM
USING 90 kVp WITH TECHNICS 1, 2, 3, 4 and 5

Dosimeter
Location Technic 1 Technic 2 Technic 3 Technic 4 Technic 5

1 3.800 4.400 4.300 4.500 4.500

2 0.042 0.033 0.056 0.040 0.035

3 0.017 0.038 0.033 0.041 0.051

4 0.502 0.552 0.532 0.574 0.434

5 0.233 0.308 0.324 0.411 0.304

6 0.264 0.352 0.378 0.402 0.282

7 0.111 0.306 0.233 0.412 0.290

8 0.566 0.709 0.670 0.755 0.721

10 0.395 0.683 0.818 0.754 0.679

11 0.421 0.517 0.659 0.584 0.596

12 0.399 0.439 0.570 0.531 0.486

13 0.067 0.212 0.076 0.213 0.361

14 0.043 0.186 0.057 0.170 0.297

15 0.030 0.054 0.064 0.085 0.093
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Ta - 4.0 inch plastic open end cone with no lead lining

Tc - 4.0 inch pointed closed plastic cone

The kilovoltages, as noted in the same section, were:

Kx - 60 kVp

K2 - 75 kVp

K3 - 90 kVp

Statistical Analysis

In order to determine if significant differences existed

among technics and/or kilovoltages as far as doses at various

sites were concerned, the data were subjected to an Analysis of

Variance. In addition, the analysis was designed to determine if

a significant interaction between technics and kilovoltages existed.

To explore the possibility that variations of measurements

at internal areas were the result of variations in entrance

exposures, an Analysis of Covariance was performed. This analysis

utilized the entrance exposure as the independent variable while

technics and kilovoltages were the experimentally controlled

variables, and the amount of radiation measured at each location

was the dependent variable.

The analysis revealed significant differences in technics

for dosimeters located at the exit port, within the mandible, in

the submandibular gland areas, in the maxillary sinus, at the base
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of the tongue, at the corneal surfaces and at the sella turcica.

Significant differences in kilovoltage were revealed only in the

submandibular gland areas and at the base of the tongue.

Multiple range tests were employed to determine which technics

and which kilovoltages differed significantly from the others.

Unadjusted means were used in the tests where the covariance was

insignificant while adjusted means were utilized when the covariance

was significant. The results of these tests were as follows:

1. Exit port -

T: 5 2 4 3 1

Interpretation of above revealed that the amount of

radiation received at the exit port was significantly

lower when technic 5 was used than when the other technics

were used. Further, it showed that technics 2, 4 and 3

yielded significantly lower doses than technic 1. No

significant differences between technics 2, 4 and 3 were

evident.

2. Mandible -

T: 1 5 2 3 4

Significant differences in the amount of radiation received

within the mandible were not as discernible as they were in

the case of the exit dose. Technic 1 yielded a signifi­

cantly smaller dose than technic 4. Technic 1 did not
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yield significantly smaller doses than technics 5, 2 or 3,

however. Technic 4 yielded a significantly larger dose

than technic 1, but that dose was not significantly larger

than a dose resulting from technics 5, 2 or 3.

3. Left submandibular gland area -

T: 1 2 5 3 4

Technic 1 yielded a significantly lower dose than technic 4.

Technics 2, 5 and 3 were not significantly different from

each other nor were they significantly different from 1 or

4.

K: 1 2 3

There was no significant difference between kilovoltages 1

and 2. Both, however, yielded significantly lower doses

than technic 3.

4. Right submandibular gland area -

T: 1 5 3 2 4

Technic 1 yielded significantly lower doses than technic 4.

Technics 5, 3 and 2 were not significantly different from

each other or from either technic 1 or technic 4.

K: 1 2 3

Kilovoltage 1 yielded a significantly lower dose than kilo­

voltages 2 or 3. No significant difference between kilo­

voltages 2 and 3 was apparent.
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5. Maxillary sinus -

T: 1 2 5 3 4

Technic 1 yielded a dose which was significantly lower than

that yielded by technics 2, 5, 3 or 4. No significant

differences were apparent among technics 2, 5, 3 and 4.

6 . Posterior tongue -

T: 2 14 5 3

Although the analysis of variance revealed a significant

difference in technics, the multiple range test failed to

demonstrate which technics differed significantly from the

others.

K: 2 1 3

Kilovoltages 3 yielded a significantly higher dose than kilo­

voltages 2 or 1. No significant difference between kilo­

voltages 2 and 1 was observed.

7. Left corneal surface -

T: 1 3 2 4 5

Technics 1 and 3 yielded significantly lower doses than

technics 2, 4 or 5. Technics 2 and 4 yielded doses that

were significantly lower than those resulting from technic

5. No significant differences were apparent between technics 

1 and 3 or 2 and 4.
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8. Right corneal surface -

T: 1 3 2 4 5

Significant differences were the same as those for the

left corneal surface.

9. Sella turcica -

T: 1 2 3 4 5

Technic 1 yielded significantly lower doses than any other

technic. Technics 2 and 3, although not significantly

different from each other, yielded significantly lower doses

than technics 4 or 5. Technic 4 yielded significantly lower 

doses than technic 5.



DISCUSSION

Phantom

The phantom that was utilized was constructed to meet the

following criteria: (1) It was constructed of materials that were

as nearly tissue equivalent as possible. (2) It was designed in

such a manner that it was possible to place dosimeters at internal

areas of interest. (3) It was designed in a manner that assured

placement of dosimeters in identical locations for each series of

measurements. (4) It was designed and constructed so that the

mandible was movable to an extent that would allow placement of

intraoral radiographic film in the mandibular molar area.

The first criterion presented the greatest difficulty. A

human skull and vertebra were available, but a number of factors

had to be considered in selecting a material to replace the soft

tissues. Of prime consideration was the fact that such a substance

should have an effective atomic number and density comparable to

those of human tissue. This was necessary to obtain a similar

absorption pattern of primary radiation and a similar emission of

secondary radiation. Soft tissue has an effective atomic number (Z) 

of 7.00 according to Gartner (1938), 7.33 according to Harris et al.
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(1956) and of 7.42 according to Kuba and Beck (1968) and an agreed

upon density of 1.0. Several materials were described in the

literature which were said to approximate those values. These

materials included Mix D (Jones and Raine, 1949); "Chlorowax-70"

(Spiers, 1943); 81 per cent paraffin and 19 per cent silica

(Harris et al., 1956); depolymerized natural rubber (Stacey, Bevan

and Dickens, 1961); fiberglass (Jacobs and Leon, 1961); pressed-wood

(Glasser et al., 1961); water (Richards and Webber, 1963); masonite

(Harris et al., 1956); and Bio-Plastic (Roderick, 1959). In

addition to the consideration of effective atomic number and

density of the materials, other factors were then considered which

included:

1. The possibility that some of the materials would not allow

the second, third and fourth criteria to be met.

2. The difficulty of adapting some of the materials to all

areas occupied by the soft tissue of the head and neck.

3. The difficulty of fabrication of the various materials.

4. The difficulty of maintaining air spaces where necessary.

5. The impossibility of replacing air within the mandible

with some of the substances.

6. The difficulty of remodeling some of the materials.

The phantom that was constructed and utilized was a modified

Mix D phantom. It consisted of a human skull embedded in a modified

Mix D medium. Mix D, as described by Jones and Raine (1949) 
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contained 60.8 per cent paraffin, 30.4 per cent polyethylene,

6.4 per cent magnesium oxide and 2.4 per cent titanium dioxide.

The Mix D medium utilized in this experiment was devoid of

polyethylene and was composed of 91.2 per cent paraffin, 6.4 per

cent magnesium oxide and 2.4 per cent titanium dioxide. Poly­

ethylene was eliminated to facilitate ease in molding and shaping

the mixture. The effective atomic number of the material was 7.42,

and the density was 1.08.

Dose Measurements

Dose measurements were difficult to compare with similar

measurements reported in the literature for a variety of reasons.

The reasons were variations in kVp, mA, filtration, half value

layer, beam diameter, machine output and the number of films

involved in each complete mouth survey. In addition, there were

phantom variations, dosimeter location differences, and beam

angulation discrepancies.

The technics and kilovoltages used in this study were those

commonly recommended for dental radiography today. It was

necessary to select reports of studies as similar to this study

as possible in order to compare results and findings. In reviewing

the literature, no study was found which was identical to this one.

The results of the two studies which most closely approximated this 
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study were reported by Richards and Webber (1964) and Winkler

(1964). Both studies reported entrance, eye, thyroid, parotid

and pituitary exposures. The former study reported a subman­

dibular gland exposure and an exposure for the marrow space within

the mandible. Neither reported exit or maxillary sinus doses.

In addition to other similarities, Winkler utilized thermo­

luminescent dosimetry. Most of the comparisons to follow were

made using the results of these two studies.

Entrance dose.—Entrance doses for the forty-five complete

mouth intraoral surveys (21 films per series) ranged from 3.7 to

4.5 rads. The mean dose per series was 4.1 rads, and the average

exposure per film was 0.195 rads. These doses were lower than the

exposures recorded by Richards and Webber (1964), but their study

employed less total filtration and a larger machine output. The

results very closely approximated those reported by Winkler (1964).

Although there were no statistically significant differences

among technics or kilovoltages as far as entrance doses were con­

cerned, slight differences were observable. The mean doses using

60, 75 and 90 kVp were 4.0, 4.1 and 4.3 rads respectively. This

increase was not expected, but it could be attributed to the

looseness with which the exposure times, by necessity, were

determined. The mean doses using technics 1, 2, 3, 4 and 5 were

3.77, 4.23, 4.13, 4.28 and 4.23 rads respectively. Although

the variations were relatively small, technics 1
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and 3 (lead-lined cones) yielded lower doses than technics 2, 4 and

5 (non-lined cones). The mean doses also revealed that the long

cones yielded 3.95 rads which is 0.300 rads less than the 4.25 rads

resulting from the use of the short cones.

Exit dose.--Exit doses, when analyzed statistically, revealed

that there was a significant variation among technics. Individual

measurements ranged from 0.020 to 0.078 rads with the mean exit

doses for technics 1, 2, 3, 4 and 5 being 0.055, 0.038, 0.039, 0.041,

and 0.027 rads respectively. Technic 5 yielded the smallest dose

while technic 1 yielded the largest. These findings suggested that

with the long, lead-lined cone, more radiation per unit of entrance

dose exited the head than with any of the other technics. The exit

dose resulting from technic 1 was 1.46 per cent of the entrance dose

while the exit dose resulting from technic 5 was only 0.64 per cent

of the entrance dose.

No statistically significant variations in exit doses, as a

result of kilovoltages, existed. The mean exit dose was highest when

90 kVp was used. The difference among the mean doses resulting from

the three kilovoltages was only 0.002 rads, however, and no

conclusions could be drawn. Increases in exit doses were expected

with increases in kilovoltage.

Thyroid dose.--There were no statistically significant

differences among technics or kilovoltages as determined by thyroid

measurements. The mean doses recorded for technics 1, 2, 3, 4 and 5 
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were 0.022, 0.063, 0.021, 0.040 and 0.045 rads respectively. The

mean dose resulting from the use of technics 1 and 3 (lead-lined

cones) was 0.0215 rads while that with technics 2, 4 and 5 (non-lined

cones) was 0.049 rads. This represented an increased thyroid dose

of 0.0275 rads when the cones were not lead lined.

The mean doses resulting at kilovoltages 60, 75 and 90 were

0.033, 0.049 and 0.036 rads respectively. There were no consistent

decreases or increases in dose with decreases or increases in kilo­

voltages, and no conclusions could be drawn regarding the effect of

kilovoltage changes ranging from 60 kVp to 90 kVp.

The thyroid doses measured here were lower than those

previously reported. Richards and Webber (1964) reported exposures

of 0.088 R using 65 kVp and 0.092 R using 90 kVp. At both kilo­

voltages, they were employing greater amounts of total radiation

for each complete mouth survey, and their vertical angulations were

much greater than those employed here. In spite of the differences,

the percentages of the total radiation measured at the thyroid were

less than 2.00 per cent. Their percentages at 65 and 90 kVp were

1.25 and 1.65 per cent respectively, while those reported here were

1.00 and 1.13 per cent for 60 and 90 kVp.

Baily (1957) reported thyroid doses of 0.86 R using 60 kVp

with 1.2 mm Al total filtration and 1.10 R using 60 kVp with 2.2 mm

Al total filtration. The doses were higher than those reported

here, but the percentages of radiation involved in both studies were

small. His percentages were 0.66 and 1.51 per cent while those in 

this study were 1.00 and 1.13 per cent.
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Bjamgard et al. (1959) reported a thyroid exposure of 0.50 R

when using 60 kVp. This seemingly high exposure resulted from

complete mouth surveys in which the total amount of radiation

involved was 107.0 R. The percentage of the total amount of

radiation involved was 0.29 per cent. The percentage was lower

than the percentage reported in this study, but the field diameter

in that study was 2.05 inches. A larger field with a diameter of

2.75 inches was employed in this study.

Mandible dose.--The mean doses measured within the mandible

when 60, 75 and 90 kVp were used were 0.446, 0.457 and 0.499 rads

respectively. There were no statistically significant differences

among the three kilovoltages, but a slight increase in dose was

noted with increased kVp.

The mean doses within the mandible when technics 1, 2, 3, 4

and 5 were used were 0.360, 0.481, 0.501, 0.523 and 0.412 rads

respectively. As described under Results, there was a statistically

significant difference among technics. Technic 1 yielded a signifi­

cantly lower dose than technic 4. No other significant differences

were detected between or among technics. The results indicated

that the dosimeter was exposed to more radiation when the short

unlined cone was used than when the long lead-lined cone was

employed. This was expected because the beam from the short cone

was more divergent than the beam from the long cone. This increased

the number of times the dosimeter was exposed by the primary beam 
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as the survey was performed. In addition, the lead lining used with

the long cone limited the area of the face that was exposed. As a

result, the dosimeter within the mandible was within the beam fewer

times than it would have been if no lead lining had been used.

The mean dose using 90 kVp and the long lead-lined cone was

0.402 rads per complete mouth survey. This was somewhat less than

the 0.520 R reported by Winkler (1964). The variation in results

was probably due to phantom differences and dosimeter location

discrepancies.

Submandibular gland doses.--Submandibular gland doses were

measured for both the right and left glandular areas. The mean

doses on the left side, when 60, 75 and 90 kVp were used, were

0.241, 0.264 and 0.316 rads respectively. Corresponding doses on

the right side were 0.278, 0.305 and 0.356 rads. The doses on both

sides increased with kilovoltage increases up to 90 kVp. The higher

doses on the right side were due to the removal of a portion of the

buccal cortical plate on that side of the mandible. This was done

to facilitate placement of the dosimeter (location 4) within the

mandible.

Mean doses for the left side, when technics 1, 2, 3, 4 and 5

were employed, were 0.227, 0.262, 0.279, 0.347 and 0.260 rads

respectively. Corresponding doses on the right side were 0.243,

0.323, 0.321, 0.399 and 0.286 rads. These doses were high when

compared to those reported by Richards and Webber (1964), who

obtained exposures of 0.139 R when using 60 kVp and 0.159 R when 
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using 90 kVp. In this study, the mean dose using 65 kVp was 0.260

rads and that using 90 kVp was 0.334 rads. This discrepancy

between the two studies was due mainly to the fact that vertical

angulations were much greater in their study than those used here.

Both studies agreed that submandibular gland exposures increased

with increases in kilovoltages up to 90 kVp.

Bjarngard et al. (1959) reported a submandibular gland

exposure of 2.0 R using 70 kVp. This seemingly large exposure

resulted from a survey in which a total amount of radiation of 107 R

was involved. The 2.0 R represented only 1.9 per cent of his total

exposures, and, on that basis, his exposure was lower than the 6.6

per cent reported in this study. However, the beam diameter used

by Bjarngard was only 2.05 inches while the one used in this study

was 2.75 inches.

Parotid gland doses.--There were no statistically significant

differences in technics or kilovoltages as far as parotid dose

measurements were concerned. For the left parotid, mean doses

ranged from a low of 0.143 rads with technic 1 to a high of 0.393

rads with technic 4. For the right parotid mean doses ranged from

0.535 rads to 0.788 rads with the same technics. The difference

from right to left was due to dosimeter placement and the amount of

Mix D between the dosimeter and the external surface. Variations of

doses due to kilovoltage changes were not apparent.

Reported parotid exposures of 0.0795 R with 60 kVp and 0.085 R 

with 90 kVp (Richards and Webber, 1964) were much lower than those 
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reported here. As previously noted, their vertical angulations

were much greater than those used in this study. In addition, the

exact locations of their dosimeters, in the comparatively large

parotid area, was not stated. Winkler (1964) reported a parotid

exposure of 0.227 R using 90 kVp. This was comparable to doses

recorded in this study for the left parotid area. Again, the exact

placement of the parotid dosimeter was not stated.

Maxillary sinus doses.--The mean doses imparted to the left

maxillary sinus, when technics 1, 2, 3, 4 and 5 were used, were

0.428, 0.618, 0.697, 0.760 and 0.629 rads respectively. Corre­

sponding doses for the right sinus were 0.405, 0.542, 0.641, 0.623

and 0.574 rads. Measurements for the right sinus were 5 to 25 per

cent lower than those for the left as a result of a difference in

dosimeter location. The dosimeter in the right sinus was farther

from the source of radiation than the one in the left sinus. The

higher doses recorded for the left sinus revealed a statistically

significant difference among technics while no such difference on

the right side was apparent. In the left sinus, technic 1 yielded

significantly lower doses than any of the other technics. In the

right sinus, technic 1 yielded a mean dose which was 0.168 rads or

29.3 per cent lower than doses resulting from any other technic.

Reports of other investigators of maxillary sinus doses following

intraoral complete mouth surveys were not found while reviewing the 

literature.
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Tongue dose.--Mean doses for technics 1, 2, 3, 4 and 5 were

0.408, 0.406, 0.496, 0.472 and 0.481 rads respectively. There was

a statistically significant difference among technics, but the

multiple range test failed to reveal which technics were signifi­

cantly different from other technics. Observation of the mean

doses strongly indicated that technics 1 and 2 (the long cones)

yielded lower doses to the posterior tongue than did technics 3, 4

or 5 (the short cones).

Mean doses when kilovoltages 60, 75 and 90 were utilized were

0.444, 0.441 and 0.483 rads respectively. The dose resulting from

90 kVp was statistically significantly higher than that from 60 kVp

or 75 kVp. There was 0.003 rads difference in tongue doses result­

ing when kilovoltages 60 and 75 were used. The results indicated

that an increase in kilovoltage from 60 to 75 had very little effect

on the dose at the posterior tongue, but an increase up to 90 kVp

produced higher doses at the same location.

Richards and Webber (1964) reported an exposure at the

posterior midline of the tongue of 0.443 R when using 60 kVp and

0.562 R when 90 kVp was used. Results in this study very closely

approximated their results. However, there was not as noticeable

an increase in exposure when the kVp was increased to 90.

Bjarngard et al. (1959) reported an exposure of the "center

of the mouth" of 35.0 R. With the total amount of radiation being

107.0 R, that dose represented 32.7 per cent of the total. The dose 
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measured in this study represented 12.5 per cent of the total

radiation involved. It was assumed that his dosimeter location was

anterior to the location used in this study.

Corneal surface doses.--There were differences among technics

that were highly significant statistically. The mean doses for the

left corneal surface for technics 1, 2, 3, 4 and 5 were 0.060, 0.194,

0.063, 0.254 and 0.336 rads respectively. Similar doses for the

right corneal surface were 0.042, 0.164, 0.054, 0.178 and 0.255 rads.

In both cases, the doses were significantly lower when technics 1

and 3 (lead-lined cones) were used than when technics 2, 4 or 5 were

used. Also, technics 2 and 4 yielded significantly lower doses than

technic 5. These results were expected since the lead linings

limited the size of the x-ray beam and reduced the area of the face

that was exposed. The increase in dose when technic 5 (pointed

plastic cone) was used rather than technic 3 or 4 was apparently due

to scatter from the closed, pointed plastic.

Doses at the corneal surfaces revealed no significant

differences in kilovoltages. Mean left corneal surface doses for

60, 75 and 90 kVp were 0.183, 0.183, 0.188 rads respectively.

Similar doses for the right corneal surfaces were 0.137, 0.141 and

0.151 rads.

The reported eye dose of 0.370 R by Winkler (1964) is higher

than the dose recorded in this study. He used 90 kVp, 15 mA and a

long, lead-lined cone. The mean dose recorded in this study for 90 

kVp and the long, lead-lined cone was 0.052 rads, but only 10 mA 
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were utilized and the vertical angulations were less. Richards and

Webber (1964) reported eye exposures of 0.105 R using 65 kVp and

0.106 R using 90 kVp. These doses were slightly less than the mean

doses of 0.183 rads for 60 kVp and 0.188 rads for 90 kVp reported

here. In both studies, there was only a slight difference when the

kilovoltage was changed from 60 or 65 to 90. Hawley et al. (1968)

reported an eye dose of 0.0036 rads using 65 kVp, but their dosimeters

were inside the simulated eyeball of a Rando phantom. Dosimeters

just inferior to those giving the above measurements yielded a dose

of 0.166 rads. The latter was very close to the mean dose of

0.183 rads reported in this study.

Sella turcica dose.—Mean doses at the sella turcica for

technics 1, 2, 3, 4 and 5 were 0.032, 0.050, 0.055, 0.076, 0.113 rads

respectively. Technic 1 yielded statistically significantly lower

doses than any other technic. Technics 2 and 3, between which there

was no significant difference, yielded significantly lower doses

than technics 4 or 5. There was a significant difference between 4

and 5 with technic 4 yielding the lower dose. These results indi­

cated that the long cones and the short lined cone produced smaller

doses than the short unlined cone or the plastic pointed cone.

This was due to the more convergent beams with the latter cones.

The increase in dose with the short pointed cone was most likely the

result of scattered radiation from the plastic.
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The kilovoltage used had little effect on measurements at the

sella turcica. Mean doses for 60, 75 and 90 kVp were 0.068, 0.063

and 0.065 rads respectively.

Richards and Webber (1964) reported pituitary gland exposures

of 0.071 R when 65 kVp was employed and 0.066 R when 90 kVp was

utilized. These results closely compared with the doses of 0.068

rads for 60 kVp and 0.065 rads for 90 kVp reported in this study.

Winkler (1964) reported a pituitary gland exposure of 0.014 R which

was lower than the mean dose reported here of 0.065 rads.

Suggestions for Future Investigations

This study has involved the construction of a Mix D phantom

head and neck and the utilization of themoluminescent dosimetry to

measure and analyze radiation doses imparted by various intraoral

radiographic procedures. Although the results obtained were valid

for the constant geometric relationships used in the study, no

strong recommendations can be made until comparable clinical research

is accomplished. Some such studies are now in progress, and others

should be initiated.

The phantom that was constructed will be valuable in investi­

gations to determine the merit of various collimating devices which

are available, the difference in doses resulting from dentist and

technician variability, and the effects of various film backings on

patient dose.
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Thermoluminescent dosimetry can be a valuable tool for

investigations utilizing a phantom. Patients may also be used in

clinical investigations as thermoluminescent dosimeters may be

placed within the oral cavity and at external points of interest

around the patient.



CONCLUSIONS

1. A Mix D (91.2 per cent paraffin, 6.4 per cent MgO and 2.4 per

cent Ti02) head and neck phantom can be constructed so that

internal dose measurements are possible.

2. Thermoluminescent dosimetry is a useful method for making dose

measurements in the dose ranges resulting from dental radio­

graphy .

3. Radiographic technics influence the amount of radiation reach­

ing various internal points of measurement. Although the

difference in technics is not statistically significant at all

sites, comparison of mean doses resulting from various technics

tend to indicate that lower doses result when the cones are

lined with lead. Long cones also appear to yield lower doses

than short cones when the mean doses resulting from each are

examined. The long lined cone in particular is beneficial in

reducing the amount of radiation which the patient receives at

the locations measured.

4. The over-all effect of kilovoltage on doses at internal points

of measurement is not obvious from this study. However, at

three positions (the posterior tongue and the right and left 
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submandibular glands) where there are statistically signifi­

cant differences in doses as a result of kilovoltage, the

doses are higher when 90 kVp is used than when 60 kVp is used.



Figure 1 The Mix D Phantom. The top photograph shows the two

parts of the phantom separated. The lower photo­

graph shows the complete phantom in an upright 

position.
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Figure 1
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Figure 2. Thermoluminescent Dosimetry Equipment. The photo­

graph shows the Thermolyne Type 1300 furnace (left) ,

the Con-Rad phosphor dispenser (center) and the

Con-Rad Model 5100A Readout Instrument (right) .
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Figure 2
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Figure 3. The Phantom Showing Corneal Surface and Thyroid

Dosimeter Locations. The photograph shows the

dosimeter for the thyroid gland in the mid line of

the anterior neck and the corneal surface dosimeters 

in the Mix D simulated eyeballs.
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Figure 4. The Mandible Portion of the Phantom Showing Mandible

and Posterior Tongue Dosimeter Locations and the

Groove for Film Placement. The top photograph

shows the location of the dosimeter for the

mandible. The lower photograph shows the posterior

tongue dosimeter in the midline and the groove for

film placement just lingual to the left molar teeth.
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Figure 4
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Figure 5. The Two Parts of the Phantom Showing Maxillary Sinus,

Submandibular Gland and Parotid Gland Dosimeter

Locations. The photograph shows the opening into

which maxillary sinus dosimeters (represented by

toothpicks in the head part of the phantom) and

submandibular gland dosimeters (represented by

toothpicks at the posterior of the neck of the

phantom) were inserted. The parotid dosimeters

are seen just inferior to the mandibular condyles.
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Figure 6. The Five Cones Used in the Study. From left to right

the long lead-lined cone, the long unlined cone,

the short lead-lined cone, the short unlined cone

and the short pointed plastic cone are shown. The

first two cones are 11.75 inches in length; the 

latter three are 4.00 inches.
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Figure 6
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Igure 7. The Localizer. The photographs show the

unattached localizer (above) and the localizer

in position as it was used (below).
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Figure 7
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Figure 8. Outlines of Phantom Positions and the Location of

Dosimeter Holder for the Sella Turcica. The

photograph at the top shows the positions in

which the phantom was placed for various

exposures. The lower photograph shows the

plastic rod which held the dosimeter for the

sella turcica. The rod exits from the top of 

the head.
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Figure 8
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