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Abstract
The principal risk to the pediatric patient from diag-

nostic radiologic procedures is cancer induction, while
diagnostic yield resulting in improved patient care is the
principal benefit. It is imperative that high yield criteria
be established for the radiologic examination of the pedo-
dontic patient. Epidemiologic studies on human popula-
tions exposed to ionizing radiation are presented which
indicate that at extremely low doses a linear or quadratic
relationship exists betweer~ increasing radiation dose and
increasing cancer induction. Animal and in vitro laboratory
studies are discussed which support this concept, and
which suggest that dose fractionation and interactions of
low-level radiation with other environmental agents may
enhance carcinogenesis. The most efficient means of dose
reduction is through the appropriate use of radiographs
only when there is a predicted diagnostic yield which is
expected to impact on the patient’s treatment. Determina-
tion of the appropriate radiologic examination is made
following the completion of a thorough history and clinical
examination. Screening with radiographs is shown to be
an inappropriate, low-yield procedure with an unfavorable
risk-benefit ratio. Specific clinical indications for radio-
logic examinations are presented and discussed. While
there are specific indications for panoramic radiographs, it
is a specialized radiologic technique and its widespread
use in pedodontics as a screening and diagnostic tool is
questioned. A variety of technical methods to reduce pa-
tient exposure are discussed including the use of beam-
guiding film-holding field-size-limiting devices.

Introduction
There has recently been considerable discussion in

the public media regarding possible risks of cancer
induction in humans from exposure to low-level ioniz-
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ing radiation. The incident at Three Mile Island in
Pennsylvania during the spring of 1979 has focused
attention on nuclear power plants as a source
of such radiation. Unfortunately, this has deflected
public awareness from the increasing use of dental
and medical diagnostic X-rays as a significant source
of ionizing radiation (see Tables 1 and 2). It is esti-
mated that 90 percent of the total man-made radia-
tion dose to which the population of the United States
is exposed is from medical and dental uses of radia-
tion. 1

Nearly every practicing dentist has some instrument
for taking radiographs in his or her office. Dentists
are generally taught to rely heavily on X-ray films to
confirm or supplement their clinical examination.
However, every X-ray exposure carries with it a risk
to the patient, and such risk considerations are even
more critical in the radiologic examination of the
young patient. It has been established that children
are significantly more susceptible to radiation-induced
carcinogenesis than adults,z,3

It is clear that the dentist who treats children must
be especially careful in his or her utilization of diag-
nostic radiology. This paper will attempt to briefly
review the biological basis for considering low-level
X-radiation as a carcinogen and suggest ways of maxi-
mizing clinical diagnostic radiologic utilization while
minimizing patient exposure.

Radiobiological Considerations
Review of Terms

An understanding of certain radiologic terms is es-
sential to the discussion. Table 3 lists a number of
these terms and the definitions which we will use. (A
more comprehensive discussion of these and related
terms may be found in government publications4,5,e
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and radiologic textbooks.7,8,9) Since dental radiology
employs low kilovoltage X rays, the numerical values
of roentgens (R), fads and reins are. very similar and
essentially interchangeable. For the sake of unifor-
mity, we have elected to use the term roentgen in its
abbreviated form "R" throughout our discussion. Table
4 presents some approximate skin entry doses for com-
monly encountered diagnostic and therapeutic radio-
logical procedures. More detailed dosimetric measure-
ments may be found in recent publications of Bengts-
son1° and Danforth and Gibbs)1

The Dose-Response Relationship

Following the atomic bombings of Hiroshima and
Nagasaki at the end of World War II, the major pop-
ulation risk from low-level radiation exposure was per-
ceived as non-lethal genetic damage which could be
carried and perhaps amplified through subsequent
generations. Subsequent studies of atomic bomb sur-
vivors and numerous genetic studies on animals
showed less dramatic genetic effects than had been
predicted and resulted in a reappraisal of relative pa-
tient risks from low-level exposures.~’,6,12 In recent
years, somatic damage and primarily cancer induction
to the exposed individual has become the primary
concern of agencies establishing risk estimates and
safety guidelines.4,5,13 There has been a recent revival
of interest in genetic effects and new data and analy-
tic techniques appear to be leading towards new and
more accurate genetic risk estimates to the population
from low-level radiation exposures. Based on the 1977
UNSCEAR report, 6 Danforth and Gibbszz have calcu-
lated the risk of inducing a non-lethal, transmittable
mutation with a harmful clinical effect to be 30 cases/
billion full-mouth radiographic examinations of 16-22
films each. This type of analysis is relatively new and
theoretical. The facts that exposures to organs at can-
cer risk-bone marrow, thyroid gland, salivary gland
-are considerably greater than to the gonads in dental
radiographic procedures, and that quantitative risk es-
timates for carcinogenesis are orders of magnitude
greater than for genetic damage support carcinogene-
sis as the principal radiation risk to be considered for
dental patients.

The degree of risk of cancer inductibn in humans
following exposures to diagnostic levels of X-radiation
is a highly controversial area. In the initial years fol-
lowing the identification of carcinogenesis as a major
population risk following radiation exposure, argu-
ments centered on the presence or absence of a "thres-
hold dose"; in other words, a particular dose below
which there would be no risk of cancer induction.
However, epidemeiologic studies of human popula-
tions exposed to ionizing radiation following atomic
bomb blasts, occupational exposures in nuclear reactor

Table 1. Sources of significant radiation exposures to
the population

Whole Body Exposure
Source (torero/year)

Natural radiation
Man-made radiation

Medical and dental diagnostic
Weapons testing fallout
Occupational exposures and
nuclear power generation

102

73
4

<1

Source: National Academy of Sciences Advisory Committee
on the Bological Effects of Ionizing Radiation. Considerations
of health benefit-cost analysis for activities involving ionizing
radiation exposure and alternatives. Washington, D.C. 1977.53

Table 2. Distribution of medical and dental X-ray
examinations in the year 1970

Body Area Number
Type of Examination (Million)

Chest (Thorax)
Upper abdomen
Lower abdomen
Upper extremities
Lower extremities
Head, neck and other
Gastrointestinal series
Barium enema
All other fluoroscopic examinations
DENTAL RADIOGRAPHY

65
15
17
10
12
10

6.6
3.5
2.5

68

From: USPHS. Population exposure to X-rays. U.S. 1970. Food
and Drug Administration, DHEW Publication (FDA) 73-8047,
DHEW, Washington, D.C., 1973.93

plants, and diagnostic or therapeutic medical radiol-
ogy have shown that, at least for the maiority of tu-
mors, there is probably no threshold dose.2,~4,15J6 Pres-
ent day arguments tend to be concerned more with
the shape of the cancer induction dose-response curve
at low radiation doses: whether it is linear, quadratic,
or "convex upwards" for a particular tumor or group
of tumors.

Figure 1 shows four possible dose-response curves
for cancer incidence vs. increasing radiation dose. At
moderate (50-500R) to high dose levels (above
500R), there is a substantial amount of data on ex-
posed human populations, and these data support a
linear relationship between increasing radiation dose
and increasing incidences of a variety of can-
cers.-°,6,13,1~ At extremely high doses, the incidence of
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Table 3. Review of terms

Term ’Definition

absorbed dose:

exposure:

roentgen (R):

rad:

rein:

g ray (Gy):

threshold dose:

skin entry dose:

marrow dose:

dose-rate:

integral absorbed
dose:

The energy imparted to matter by ionizing radiation per unit mass of irradiated
material at the place of interest. The unit of absorbed dose is the rad.

The measure of the ionization produced in air by X-radiation. The unit of exposure
is the roentgen.

The unit of exposure in air. The exposure required to produce 2.58 x 104 coulomb
of charge in 1 kg of air.

The unit of absorbed dose which is equal to 100 ergs per gram.

Rad corrected for the relative biological effectiveness (RBE) of the type of radia-
tion employed. For diagnostic X-rays, rem = rad = R.

The new international unit of absorbed dose. One Gy is equivalent to 100 rads.

The minimum absorbed dose that will produce a detectable degree of any given
effect.

A term frequently encountered in dental literature describing the total absorbed
dose to the skin in the area of exposure.

A term frequently encountered in dental literature describing the total absorbed
dose to the bone marrow in the area of exposure.

The interval of time in which a given radiation exposure or exposures is made.
Technically, dose-rate refers to the speed at which a given dose is delivered,
and is expressed as rads per unit time.

Absorbed dose corrected for the amount of tissue irradiated, expressed in gram-
rads. This is often referred to as "total skin entry dose".

cancer declines as cell killing, rather than sub-lethal
malignant alteration, becomes the predominant mani-
festation of radiation damage,

The dose-response curve for radiation carcinogene-
sis in the diagnostic range is unclear and may assume
one of several shapes. At present, the most widely used
model is the linear hypothesis (line "A"), which sim-
.ply extrapolates the linear relationship at higher doses
through the origin. This model, used by both na-
tional and international radiation protection agencies
as the most likely model, implies a finite carcinogenic
risk with any radiation exposure no matter how small.
The U.S. National Academy of Science Committee
on the Biologic Effects of Ionizing Radiation stated
in 1972 that this is a conservative estimate.~ The same
committee stated in 1979 that this relationship is no
longer considered to be conservative and that risks
from low-level exposures may be greater than previ-
ously calculated, lz A minority report of this Commit-
tee suggested that some of the new risk estimates
might be excessive.1~

The "threshold" hypothesis represented by line "B"
states that there is a certain dose below which there
is no risk of cancer induction. Although some tumors

may ultimately be shown to fit this model, the bulk
of present data suggests that this model is not appli-
cable to radiation induction of most human tumors.13,1"~

One of several possible "quadratic" responses is rep-
resented by line "C" as a model which incorporates
cell killing and cell repair. Although this curve also
implies a finite risk with any exposure, it is more flex-
ible and biologically oriented than the linear hypoth-
esis, and may ultimately become the model of choice
for human tumors.15

Line "D" is the "convex upward" curve, and its
shape implies that radiation is more efficient as a
carcinogen at lower doses than at higher doses. Al-
though the implications of such a curve are disturb-
ing, recent data on exposed human populations as well
as in vivo and in vitro laboratory studies have sug-
gested that this curve may describe the induction of
some cancers by low dose radiation.15Jr,~s

The discussion of the shape of the dose-response
curve for radiation carcinogenesis at low doses leads
to two conclusions. First, no single dose response ̄
curve will describe the induction of all tumors. The
shapes of the curves may be determined by numerous
modifying factors including type of tumor, type of
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Table 4. Some typical skin entry exposures in radiology

Type of examination Dose (mR) Reference

single molar periapical film (long, lined, open ended cone)

Paralleling technique: 70 kVp
90 kVp

Paralleling technique with beam-guiding device:

National average, U.S., 1970, per intraoral film

National average, U.S., 1978, per intraoral film

Panoramic film

Conventional film-screen combination

Rare earth film-screen combination

Lateral cephalometric film

Conventional film-screen combination

Rare earth film-screen combination

Chest X-ray

Radiotherapy--curative

70 kVp**
90 kVp

600" a
310" a

264" a
210" a

910" USFDA 197393

5OO* (NEXT)

4500-6000* Reiskin 197784

1000-3000" Reiskin 1977~

103" a

5-20* a

30-50 ICRP NO. 16~

6,000,000 Rubin 197894

*Total exposure to patient
**With samarium filtration
a. Determined at the University of Connecticut Health Center, School of Dental Medicine, Division of Oral

Radiology using LiF thermoluminescent dosimetry.

Table 5. Radiogenic cancer risks for selected human tissues

Risk
(excess cases of cancer

Age at irradiation per 106 persons per rad
Organ (years) per year) Reference

Bone marrow in utero 5.1 BEIR 1972~

(leukemia) 0-9 5.3 BEIR 1972~

10-21 2.2 BEIR 1972"~

adults 0.4-1.0 BEIR 197913

Breast (female)

--"A" Bomb survivors 34 2.5 McGregor 197727

--Fluoroscopy series

--Nova Scotia 26 8.4 Shore 197729

mMassachusetts 25 6.2 Boice 19783o

--Mastitis patients adults 6.0 BEIR 1972-~

Thyroid 0-30 1.6-9.3 Brown 19761~

30+ 2.0 BEIR 197913
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Figure 1. This figure shows a generalized dose-re-
sponse showing the increase in cancer incidence with
increasing radiation dose. Four possible shapes for
this curve at doses below 150R are shown: A ---- linear
response, B = threshold response, C = quadratic re-
sponse, and D ---- convex upwards response. A de-
tailed discussion is found in the text.

radiation, dose-rate of exposures, age of the exposed
population, ability of irradiated cells to repair, and
the presence of radiation modifying agents. Second,
the predicted risks from low-level radiation exposures
have increased as new data have become available.
With almost every published comprehensive report on
induction of cancer in humans by radiation, interna-
tional and national radiation protection agencies have
subsequently become more conservative in their rec-
ommendations and guidelines concerning radiation ex-
posure.

Studies of Low-level Radiation
Human Studies

Radiation carcinogenesis at low doses may be stud-
ied epidemiologically in human populations, or in the
laboratory in animal populations or cell cultures which
have been exposed to ionizing radiation. Laboratory
studies are used to generate qualitative information
on the possible mechanisms by which radiation in-
duces cancer, while quantitative risk estimation is
based on human epidemiological studies.

There are numerous ways of expressing radiation
risk to human populations. We have chosen a widely
used term for our discussion: excess cases of cancer
above expected incidence per l0 s persons exposed
per rad per year (N x l0s man-rad-years). Risk esti-
mates for radiation induced cancer in organs which
are particularly sensitive to such effects and which

may be exposed during a dental X-ray examination are
shown in Table 5. This table has been compiled from
a variety of sources and is quite general in nature.
The risk of induction of leukemia is clearly greater in
children than in adults. Breast and thyroid risks are
for wider age cohorts and may be greater for children
than young adults. According to presently accepted
data, the incidence of tumors in these three organs
falls within the radiation risk range predicted by the
linear hypothesis.

A new risk estimate term recently used in some
dental X-ray risk discussions is the "ix]crease in life-
time cancer cases above the expected per million full-
mouth radiographic examinations consisting of four-
teen to twenty-two films."10,11 Analyzing data from
the 1977 UNSCEAR report and the 1972 BEIR re-
port, and assuming a linear dose response, Danforth
and Gibbs have calculated risk estimates for cancer
induction in a variety of tissues exposed during dental
examinations.11 They estimated that lifetime cancer
risk estimates per million full-mouth radiographic ser-
ies (16-22 films) and per million panoramic + two
bitewing film examination are as follows:

FMX Panoramic + BWX
Salivary gland 1-3 1.3-2.6
Thyroid gland 4-11 3-10
Brain 0.2-1 0.2-1
Leukemia 0.2-0.4 0.14-0.26
All cancers 6-17 5-14

These estimates are similar to those recently reported
by Bengtsson.~°

The massive effort which has been and is being
utilized in an attempt to determine accurate risk as-
sessments for the population illustrates the difficulty
in interpreting the results of human population stud-
ies. There are several specific problems in human
radiogenic cancer risk estimation which must be con-
sidered:

1. Radiogenic cancers are indistinguishable from
other cancers.19,2° They have no identifying bio-
chemical, histopathological, or pathophysiologi-
cal features which distinguish them as being radi-
ation-induced.

2. The latent period for tumor induction is usually
quite long, ranging on average from 10 to 35
years depending on tumor type. However, it is
shorter (2-10 years ) for induction of leukemia.13,16

3. There may be human sub-populations particularly
sensitive or insensitive to induction of cancer by
low-level radiation.2~

4. There may a variety of synergistic, additive, or
inhibitory interactions amongst low-level radia-
tion and other known or suspected noxious en-
vironmental agents such as chemical carcinogens,
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oncogenic viruses, tumor promoters and muta-
gens.22,23

5. The effects of splitting up the radiation exposure
into several smaller exposures over many years on
the carcinogenicity of the radiation are not well
defined.18,24,25

6. Most risk estimates are expressed in terms of
whole body exposure. Most diagnostic radiolog-
ical procedures are partial body exposures. Pres-
ently, there are no data to support or deny the
concept that irradiating one-tenth of the body re-
suits in one-tenth of the cancer risk of irradiating
the entire body.

7. Most low-risk estimates are derived by extrapo-
lating the results of populations exposed to doses
in the moderate-to-high dose range (50-500R), 
there are few control studies of populations ex-
posed to low doses. A mechanistic biological ba-
sis for such extrapolations remains to be estab-
lished.

The effect of delivering a lifetime radiation dose as
multiple small exposures at varying time intervals, re-
ferred to as "fractionating the dose," upon the carcin-
ogenic potential of that radiation dose is of critical
interest to the pedodontist. The practice of repeated
radiologic exposures at frequent intervals during
childhood and young adulthood could be considered
as fractionation of a moderate (greater than 50R)
radiation dose. For example, based on the national
average of 500 mR skin entry dose per intraoral film
in the U.S. in 1978,28 a 20-film series taken every five
years from childhood through 60 years of age would
deliver, through repeated low-dose exposures, a total
exposure to the patient of approximately 120R.

In a recent review, Brown presented data which
suggested that the frationation of X-ray doses and the
reduction of the dose per fraction increases the car-
cinogenicity of x- and gamma-radiation in both hu-
man female breast and human bone marrow tissues.15

Table 5 shows that in atomic bomb survivors who re-
ceived an acute gamma ray and neutron exposure, the
risk estimate for breast cancer induction was 2.5 (ex-
cess cancer above the expected incidence).27 Mastitis
patients receiving fractionated X-ray exposures at a
high dose per fraction had a risk estimate of 8.3.28

Fluoroscopy patients receiving fractionated X-rays at a
low dose per fraction had a risk estimate of 6.2-
8.4.~9,39

A similar observation can be made for leukemia in-
duction in humans. Atomic bomb survivors, victims of
an acute gamma ray exposure, had a leukemia risk
estimate of 0.5 excess cancer beyond the expected in-
cidence. Ankylosing spondylitic 31 and mastitis 28 pa-
tients who received fractionated therapeutic X-ray

treatments, ranging from 275R to 2750R, have re-
spective leukemia risk estimates of 0.5 and 2.4.

These leukemia and breast cancer data suggest in-
creasing efficiency of radiation to induce cancer with
fractionation. It is interesting to consider the analogy
between the effects of fractionation on leukemia and
breast cancer induction in these studies, and the over-
all cancer risk to patients repeatedly exposed to den-
tal X-ray exams, particularly during childhood and
young adulthood.

A controversial suggestion concerning induction of
leukemia in children was made by Bross and Natara-
jan in their 1973 Tristate Study.21 This was a retro-
spective matched case/control study which examined
a large group of children with leukemia and analyzed
similarities and contrasts in their medical and radia-
tion exposure histories with their cohorts. They found
at least two population sub-groups: one group with
and the other group without leukemia associated with
exposure to low level radiation, such as diagnostic X-
rays in utero. It was concluded that not only are chil-
dren more susceptible to radiation carcinogenesis than
adults, but that within the population of children
there may be sub-groups "orders of magnitude more
sensitive" than the total population of children. How-
ever, serious questions regarding the validity of the
statistical methodology and sensitive sub-population
concept have recently appeared.13

There have been several papers analyzing carcino-
genesis in workers at the Hanford Nuclear Power
Plant in Richland, Washington, some of which have
claimed substantially greater leukemia risks in adults
from low level radiation than those shown in Table
5.21,32 However, these data have been the subject of
considerable debate in the literature, ~,34,35 are based
on extremely complex statistical analyses, and thus
have not been presented in this discussion.

Most data on radiation cancer induction in humans
appears to fall within the predicted linear models,
thus indicating a small but definite increased cancer
risk with any radiation exposure, no matter how small.
Additionally, there is evidence that there is a greater
cancer induction risk for children than for adults due
to the greater proliferative activity in growing tissues.
This is clearly shown in the leukemia and thyroid data
of Table 4. Human population studies have tended to
support conservative (linear as opposed to threshold)
estimates of risk, and estimates of risks have increased
as new data have become available. (Such increased
risk estimates are evidenced by the growing estimates
for radiogenic thyroid carcinoma induction from the
Modan3~ study, which had a risk estimate of 6.1 in
1973av but has recently been revised upwards to
10.9.15) Although the reality of risk from low-level ex-
posures appears clear from human studies, the lack of
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Figure 2. Induction of tumors in hamster cheek
pouch epithelium by DMBA and DMBA + repeated
low-level head-and-neck X-ray exposures. Two sepa-
rate, identical studies are shown above and below, o =
groups treated only with DMBA; ̄ -- groups treated
with DMBA + X-radiation. There were significantly
greater tumor incidences in both DMBA -I- X-radiation
groups--radiation only controls had no detectable
pathology. (Courtesy of A. G. Lurie, Radiation Re-
search, Ref. 41.)

understanding of the possible mechanisms of induc-
tion of cancer by low-level radiation makes it difficult,
ff not impossible, to quantitate or predict this risk ac-
curately. It is through laboratory studies that we can
begin to understand such mechanisms, as well as the
qualitative aspects of low-level radiogenic carcino-
genesis and risk estimation.

Experimental Studies

Cancer has been induced in almost every organ of
experimental animals by exposures to ionizing radia-
tion. -°° The long latent period and the non-specificity
of most low-dose radiogenic cancers in humans are
likewise features of many radiogenic cancers in ani-
mals.2°,~5 These biologic features make experimenta-
tion difficult and tedious due to the large sample sizes
and long study periods which must be used to gen-
erate meaningful data. Additionally, almost all radia-

tion carcinogenesis studies in animals have been con-
ducted with sizable radiation exposures (hundreds to
thousands of R), and generally have employed single
exposures rather than repeated exposures to smaller
radiation doses. The problems in interpreting animal
studies-the lack of direct data at low doses, the prev-
alence of data obtained from single exposures, and the
necessity of extrapolating the shape of the dose-re-
sponse curve at low doses from the data at high doses
-are the same problems as those found in interpreting
human studies.

An analysis by Shellabarger of data taken from the
1972 United Nations report6 on induction of a variety
of tumors in a variety of animal systems demonstrated
that no uniform conclusions could be reached on the
dose-response characteristics for these tumors.25 The
doses at which the increases in incidences became de-
tectable, at which the maximum incidences were
reached and at which the declines in incidence be-
gan, as well as the shapes of the radiation dose-re-
sponse curves, varied from one system to another. He
stated, "Just as it seems likely to many that there will
be no single cancer cure, it seems equally likely that
no single dose response relationship will describe rad-
iation carcinogenesis."

A study of the effects of fractionating the dose on
the induction of tumors in animal systems has pro-
vided results which differ somewhat from those dis-
cussed earlier for human breast cancer and leukemia.
The incidence of some tumors induced in experimental
animals by X- and gamma radiation is lower when the
total dose is delivered using greater numbers of ex-
posures at a lower dose per exposure, than when the
total dose is delivered as a single exposure, or as a
reduced number of exposures at a higher dose per ex-
posure.25

Interactions

Exposure to radiation is rarely, if ever, the only ex-
posure to a carcinogen that a human will receive.
Realistically, humans are repeatedly exposed, either
singly or concurrently, to a variety of known or sus-
pected environmental carcinogens, including hydro-
carbons and nitrosamines in the atmosphere and the
diet, oncogenic viruses, and heavy metals. Thus, po-
tential interactions between these agents and diagnos-
tic X-ray exposures is an important theoretical consid-
eration when discussing human low-level radiation
risk.

Possible low-level radiation interactions with other
carcinogenic agents has been addressed in animal
studies. In 1938, Maltron showed enhancement of
benzpyrene carcinogenesis in skin by beta irradia-
tion. 38 The first clear demonstration of enhancement
of chemical carcinogenesis by low-level x-radiation
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Figure 3. Malignant transformation in cultured ham-
ster embryo cells vs. single radiation doses from 1R
through 800R. Note the significant malignant transfor-
mation following a 1R exposure and the linear or quad-
ratic shape of the curve in the low dose range. (Cour-
tesy of C. Borek and E. J. Hall, Nature, Fief. 42.)

came in 1957 when Bock and Moore observed carcino-
genesis in the skin of dogs exposed to cigarette smoke
condensate plus small X-ray doses.39 Neither agent in-
duced tumors when used alone. Other studies have
shown enhancement of urethan leukemogenesis in
mice by moderate dose single and split x-ray expos-
ures, 23 and enhancement of chemical carcinogenesis
in rat liver and stomach by moderate doses of x- or
neutron radiation.4o

Recent studies in our laboratory have shown en-
hancement of DMBA (a potent epithelial hydrocar-
bon carcinogen derived from benzpyrene) carcino-
genesis in hamster cheek pouch and lingual epithelium
by concurrent repeated exposures to low level X-radia-
tion. ~-2,41 Figure 2 shows the results of two representa-
tive studies in hamster cheek pouch. Animals received
either repeated applications of low concentrations of
DMBA, one head and neck exposure to 20R X rays
once a week for 17 consecutive ~veeks, or simultan-
eous treatment ~v]th both agents. In all studies con-

ducted during the past four years, animals receiving
treatment with both agents have had more tumors,
larger tumors, and possibly a reduction in the tumor
induction period than animals receiving only DMBA
treatments. Animals receiving only irradiation treat-
ments have had no detectable changes. These studies,

as well as those cited previously employing higher
doses, strongly indicate that radiation can signifi-
cantly enhance the induction of tumors by other
agents at dose levels which alone do not produce
readily detectable biological effects.
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Figure 4. Frequencies of malignant transformation in-
duced in cultural A31-11 mouse BALB/3T3 embryo
cells by single (o) and split (x) X-radiation exposures.
In split-dose studies, 2 equal fractions were separated
by a five-hour interval, Note the greater efficiency of
split doses below 150R in causing transformation.
(Courtesy of J. B. Little, Cancer Research, Ref. 17.)
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Fisure 5. Frequencies of malignant transformation in-
duced in cultured C3H IOTV~ mouse emb~o cells by
single (~) and split (o) X-radiation exposures. As 
Fig. 4, split doses were separated by five hours and
were more effective in causing transformation than
single exposures at doses below about 150R. (Cour-
tesy of R. Miller and E. J. Hall, Nature, Ref. 18.)

In Vitro Studies

In 1973, Borek and Hall demonstrated malignant
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transformation* in cultured hamster embryo cells with
X-ray doses as low as 1R.42 The incidence of malignant
transformation versus radiation dose found by these
investigators is shown in Figure 3. Since this initial
demonstration in vitro of low dose X-ray induced ma-
lignant transformation, the same findings have been
made in a variety of cultured mammalian cells.17,18

These studies have examined both the dose responses
of malignant transformation in the low dose range and
the differences in malignant transformation frequen-
cies between single and split X-ray exposures. Malig-
nant transformation has been induced in most of
these cell lines with radiation doses in the one to
twenty R range.17,43 At total doses below 15R, split-
ting the total dose into two equal fractions separated
by five hours induces a higher frequency of malig-
nant transformation than does the single dose.~8,24

This increased efficiency of transformation induction
by split low-dose radiation exposures is shown in Fig-
ures 4 and 5. Elkind and Han have proposed that this
increased effectiveness of radiation dose-splitting in
inducing malignant transformation may relate to dif-
ferent repair mechanisms for sub-lethal and lethal rad-
iation damage.4~ The finding of the greater effective-
ness of splitting doses in the low dose range on trans-
forming cultured mammalian cells, as well as possible
similar results of in vivo radiation-chemical interaction
studies again suggests serious implications on the
dental clinical utilization of diagnostic X rays.

Cellular changes, other than malignant transforma-
tion, which are associated with carcinogenesis have
been observed both in cell cultures and in animals
exposed to low levels of ionizing radiation. These
changes include chromosome non-dysiunction in the
fetuses of mice whose parents were exposed to 5R
total body radiation prior to copulation,45 increases in
chromosome and chromatid aberrations in Syrian
hamster cheek pouch epithelium following X-ray ex-
posures smaller than 5R,4~ in fresh and cultured hu-
man lymphocytes following X-ray exposures smaller
than 6R,47,48,49 and altered cytokinetic activity in a
variety of tissues following in vivo exposures to triti-
ated thymidine or low-level X-radiation.5°,~,5°-

*Malignant transformation is a term which generally refers to
alterations in the structure and function of cells in culture
which correspond to similar types of changes in human and
animal cancer cells in vivo. These changes include: reversion
to a more primitive cell morphology, loss of contact inhibition
of cellular proliferation, accumulation of ceils in transformed
clones, and increased nuclear/cytoplasmic ratio. Additionally,
a clone of transformed cells will result in a clinical tumor when
placed into the appropriate tissue of the animal of its origin.
For a more detailed discussion, see the recent review by
Borek.42

Summary of Studies on Low-Level
Radiation Carcinogenesis

There is an abundance of epidemiologic and labora-
tory data indicating that induction of cancer, enhance-
ment of cancer induction by other agents, and cellular
changes associated with the induction of cancer have
been caused by exposure to low levels of X-radiation.
Although the dose levels and dose rates vary widely
among these studies, many of them fall within the
ranges encountered in diagnostic dental and medical
radiology. Many of these studies indicate that chil-
dren are more susceptible, perhaps considerably more
so, than are adults to low-level radiation carcinogene-
sis. Clinicians employing radiographic examinations
of children must do so with the utmost consideration
of their patient’s biologic risk and with a sound clin-
ical rationale for taking such films.

Maximizing Diagnostic Yield While
Minimizing Radiation Risk in
Pedodontic Practice
Introduction

Every properly positioned, exposed, and processed
dental radiograph contains diagnostic information. In
view of the population risk from low-dose exposures,
"possession of diagnostic information" is not, of itself,
an adequate justification for taking radiographs on a
patient. It is our position that every diagnostic x-ray
examination must have an anticipated information
content, either positive or negative, which will result
in improved care for that patient.

There are several national and international agen-
cies that review human and laboratory radiobiologic
data, establish guidelines for human risk estimates,
and/or establish radiation safety and protection stan-
dards. The most notable of these groups are: the In-
ternational Commission on Radiation Protection
(ICRP), the National Commission on Radiation Pro-
tection and Measurement (NCRP), the United Na-
tions Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), the Bureau of Radiological
Health ( BRH ), and the National Academy of Sciences
Advisory Committee on the Biological Effects of Ion-
izing Radiation (BEIR).

Statements of some of these organizations which
affect the practice of radiology in dentistry are as
follows:

1. The 1972 Committee on the Biological Effects of
Ionizing Radiation (BEIR) stated that, "No ex-
posure to ionizing radiation should be permitted
without the expectation of a commensurate bene-
fit. Medical radiation exposure can and should be
reduced considerably by limiting its use to clin-
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Table 6. Clinical situations for which radiographs
may be indicated

History of pain
Evidence of swelling

Positive neurologic findings in face and jaws
Trauma to teeth, jaws and/or lips

Mobility of teeth
Unexplained bleeding

Deep periodontal pocketing
Fistula formation

Unexplained sensitivity of teeth
Evaluation of sinus condition

Unusual eruption of teeth
Unusual spacing or migration of teeth

Lack of response to conventional dental treatment
Unusual tooth morphology, calcification or color

Evaluation of growth abnormalities
Altered occlusal relationships

Aid in diagnosis of systemic disease
Assessment of dental involvement in established

systemic disease
Familial history of dental anomalies

Post-operative evaluation
Others

ically indicated procedures utilizing efficient ex-
posure techniques and optimal operation of radia-
tion equipment.’’2

2. The National Committee on Radiation Protection
and Measurements (NCRP) has recommended
that, "Exposure which fulfills no useful purpose
should be reduced to an absolute minimum . . . a
major effort is justified to assure that the radia-
tion field does not extend beyond the area of the
X-ray film or fluoroscopic screen or significantly
beyond the region to be examined."4

3. The Food and Drug Administration (FDA) has
proposed regulations which will mandate quality
assurance programs in any diagnostic radiology
facility (including the private dental office) 
reduce the radiation exposure burden to the
American population. The commissioner of the
FDA stated that such regulations are necessary
because "... data from several sources indicate
that many diagnostic radiology facilities are pro-
ducing poor quality images and giving unneces-
sary patient radiation exposure.’’54 As of the date
of the submission of this paper, no final action
had been taken in this area.

In addition, the American Dental Association Council
on Dental Materials, Instruments, and Equipment has
recommended that, "The decision to use diagnostic
radiography rests on professional judgment of its he-

cessity for the benefit of the total health of the pa-
tient. This decision having been made, it then be-
comes the duty of the dental professional to produce
a maximum yield of information per unit of X-ray ex-
posure."55

The interest of state and federal governments in the
examination and possible future regulation of all as-
pects of the diagnostic radiological sciences has stead-
ily increased during recent years. Areas being consid-
ered by such agencies as the President’s Interagency
Task Force on Ionizing Radiation, Congressional
Hearings on ionizing radiation, the Commissioner of
the FDA, and a number of state legislative commit-
tees and regulatory agencies include machine per-
formance, film characteristics, operator training and
licensing, professional and auxiliary education, quality
assurance programs, and facility licensing and inspec-
tion programs. Eight states have instituted specific
radiologic licensing examinations for dentists separate
from their State Dental Board Examinations. Several
other states are considering similar action.

How does the practicing dentist meet such radia-
tion safety and practice criteria while maintaining
the level of diagnostic radiology needed for excel-
lence in clinical practice? We feel that these needs are
met in two ways: (1) the establishment of high diag-
nostic yield criteria to be used in the determination of
the need for films; and (2) the execution of such ex-
aminations incorporating techniques which maximize
the diagnostic yield while minimizing radiation ex-
posure for every film.

Suggested Criteria for Radiologic Examination
of Children and Adolescents

We shall define high yield criteria as those clinical
or historical findings for which radiographic examina-
tions are likely to provide confirming or clarifying in-
formation. These radiographic examinations should
have a high probability of affecting the diagnosis and
treatment of a problem which, ff left untreated, poses
a potential health hazard greater than that associated
with the radiographic exposure.

Historically, dentists have used radiographic exam-
inations for a variety of documentary and screening
purposes. Documentary purposes include films taken
for insurance company post-treatment verification,
teaching files, slide collections, patient education,
completeness of records, "making sure everything is
OK," and the evaluation of marginal adaptation of
restorations. Such purposes rarely provide a benefit
to the patient, and we disapporve of such practices
because they expose patients to a radiation risk with-
out a commensurate or greater benefit.

A screening examination is one in which specific di-
agnostic procedures are performed in a population
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specifically at risk with a view towards discovering
occult disease of a life-threatening nature which
would be otherwise undetected. Such a population
may be that of an entire country, an entire city, or
the private practice patients of an individual dentist.
For a screening procedure to be effective, positive
findings must be followed by appropriate treatment.
If the screening procedure entails risk to the popula-
tion, then the benefits accrued from the discovery and
treatment of occult disease must outweigh this risk.

The only radiographic screening procedures pres-
ently employed, to our knowledge, are mammography
in post-menopausal women, where there is an estab-
lished and significant risk-benefit ratio in favor of the
patient,56,57 and radiographic screening for diseases of
the iaws in dentistry where a risk-benefit ratio has
never been established and is likely to be quite un-
favorable for the patient population being screened.
Although there are diseases which are unique to the
iaws, the incidences of serious diseases of the iaws
have not been demonstrated to be greater than those
involving the general skeleton. A total body skeletal
radiographic survey for the detection of occult disease
in the absence of clinical findings is not practiced any-
where in the world. In addition, often-cited examples
of such diseases of the iaws are cysts, abnormally
formed teeth, odontogenic neoplasia or cancer. The
only diseases in such a list with expected serious con-
sequences are cancers and aggressive odontogenic
neoplasms of the iaws, both of which are exceedingly
rare in the pediatric age group. When such lesions do
occur, they almost always have presenting clinical
signs and symptoms which in the absence of any rad-
iographic examination would be suggestive of an ab-
normality requiring further evaluation.

The rational use of radiology in pedodontics re-
quires definition of clinical and historical criteria
which are likely to require a radiologic examination to
allow a practitioner to proceed with the best possible
treatment: high yield criteria. Table 6 lists a variety
of positive clinical and historical findings which are
likely to require radiographic examination. Many of
the clinical situations listed in this table are obvious.
For example, the dentist to whom a pedodontie pa-
tient presents with a history of .pain, evidence of
swelling, or after traumatic iniury, must have the
benefit of radiologic examination available in order
to carry out the best treatment. However, some of the
situations listed in this table require discussion.

Fistula formation in the pediatric age group is us-
ually indicative of a localized furcational or periapi-
cal infection of dental origin. Radiographic examina-
tion is necessary, but one should be selective in the
number and types of films used. Each film should
have an indication based on the clinical situation;

there is no reason to simply order a "full-mouth ser-
ies." The same holds true for the evaluation of un-
usual eruption of teeth. For example, a seven-year old
presents with erupting maxillary permanent lateral in-
cisors but only one erupting permanent central incisor.
Consideration of the absence or displacement of the
unerupted incisor must be made, and an individual
periapical or occlusal film is the indicated radiograph-
ic examination. Another situation which the pedodon-
tist is faced with is the evaluation of the medically
exceptional child. A dental radiographic examination
may be helpful in the diagnosis of systemic disease;
however, the taking of numerous radiographs in a pa-
tient with an established systemic disease but no clin-
ical evidence of dental involvement to "see what’s go-
ing on" is not an indicated procedure because it ex-
poses the patient to a radiation dose without having a
significant potential benefit to that patient.

Whenever diagnostic radiology is to be utilized, the
practicing dentist should make an intelligent decision
of which radiographs will provide the information
needed at the lowest radiation exposure possible.
There may be times when the decision should be that
no radiographs are indicated. Although we do not
ascribe to broad rules to dictate which radiographs
to take for which problems, there are certain common
situations in pedodontics which require discussion.

Common Clinical Indications for Radiology
Five clinical situations which the pedodontist is

commonly confronted with in which radiographs are
usually indicated for a thorough evaluation are: (1)
detection of congenital dental anomalies in the mixed
dentition in patients undergoing comprehensive den-
tal care; (2) detection of interproximal carious les-
ions; (3) third molar evaluation; (4) infection; 
(5) trauma. Each of these indications for radiographic
examination requires a consideration of the risk-bene-
fit ratio. These situations and examination rationales
are shown in Table 7.

1. Detection of congenital dental anomalies. The
comprehensive dental care of the pedodontic patient
includes the management of the dentition in a way
that permits the most harmonious oeclusal relation-
ships to develop. The dentist must be able to antici-
pate any condition which may complicate the treat-
ment plan. The mixed dentition space analysis is often
used to detect potential problems which may be de-
veloping as the occlusal pattern is established. Undi-
agnosed congenital anomalies of tooth number, size,
shape and location have a potential impact on the suc-
cessful management of the developing dentition. Such
pathology generally is detectable only with radio-
graphs.58

Various authors have investigated the incidence of
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congenital dental anomalies in children. 59,6° The con-
ditions most frequently observed are missing, super-
numerary, fused and peg-shaped teeth. It has been
shown that approximately one child in fifteen will pre-
sent with at least one of these four anomalies.59 This
relatively high incidence of positive findings which
will affect the pedodontist’s treatment plan suggests a
favorable risk-benefit ratio for the patient. It is our
opinion that the goal of successful guidance of the
developing dentition with the least radiographic risk
can be attained by performing one appropriate intra-
oral radiographic examination at the optimal age for
detecting and evaluating such problems: early in the
mixed dentition, six to eight years of age. The six
film intraoral radiographic examination consisting of
two occlusal films and four posterior periapicalfilms
demonstrates all areas of the iaws which contain suc-
cedaneous teeth. Such an examination results in a
minimal radiation exposure,* and thus is the radio-
logic examination of choice in detecting congenital
dental anomalies in the mixed dentition. MacRae et
al., in a study of 456 children aged six to eight years,
demonstrated the maximum yield in the detec-
tion of congenital dental anomalies using an eight
film survey (two occlusal films, two bitewing films,
and four periapical films) when compared with 
three-film survey (one maxillary occlusal film and
two bitewing films) in which 22 percent of the anom-
alies were not detected, or two posterior bitewing
films alone in which 61 percent of the anomalies were
notdetected.61 There are reports of surveys of a sim-
ilar nature incorporating panoramic radiography,6~,63

a practice we strongly discourage, which we will dis-
cuss in a subsequent section. The six film intraoral
radiographic examination will reveal the presence of
any developmental anomaly in the tooth-bearing areas
of the iaws. In patients with positive findings, further
radiographic evaluation as dictated by the findings
and clinical needs may be indicated to better define
the problem.

2. Detection of interproximal carious lesions. One of
the most frequent indications for radiographic exam-
ination of the pedodontic patient is the evaluation of
carious involvement of the interproximal surfaces of
the posterior teeth. Unfortunately, this procedure is
routinely performed on almost all patients at intervals
usually varying from six to twelve months. Such rou-
tine examinations need to be performed only on those
patients for’whom it is ~linically indicated. The fre-

*Based on the 1978 NEXT data, the total exposure to the
patient from the six films would be approximately 3000mR.
Using optimal techniques which are available today and will
be discussed at a later time, the exposure to the patient would
be reduced to approximately 900-1200mR.26

quency of such examinations should be dictated by
considerations of caries activity, the degree of spacing
between the posterior teeth and clinical examination.
When such radiographic examinations are performed,
the largest film possible should be employed to allow
monitoring of the development and eruption of the
permanent premolars without an appreciabl~ increase
in the patient’s radiation exposure.

3. Third Molar Pathology. A constant problem in den-
tistry is the management of the impacted third molar.
A maiority of dentigerous cysts are associated with
these teeth, and are most often seen in adolescence
and young adulthood.64,6~ Additionally, odontogenic
neoplasms and occasional carcinomas associated with
odontogenic tissues are most frequently found in the
mandibular third molar/ramus region. 64,66,6r Consid-
ering that most people have third molars and that
they are often treated between the ages of 14 and
17,68 there is a substantial benefit in radiographic ex-
amination for the presence, position, morphology and
possible associated pathology of these teeth during
these years. Four periapical films constitute the radio-
graphic examination of choice in the initial evaluation
of maxillary and mandibular third molars. These films
provide the maximum detail, provide sufficient cover-
age of third molar development, and deliver the mini-
mum radiation dose to the patient. Cases of unusual
position or development of the third molars may re-
quire additional films for the visualization necessary
to adequately plan treatment. Examples of such films
may be a cross-sectional occlusal film to determine
buccal-lingual position of a mandibular third molar or
a lateral oblique proiection for the examination of a
posteriorly positioned tooth or associated pathology.

4. Infections of dental origin. We feel that infection
of odontogenic origin is the most common pathologic
condition of potentially serious consequences to the
patient encountered in dentistry. The risk of treating
a known or suspected infection without knowledge of
the severity and/or extent of the condition is consid-
erable, as the potential sequelae include osteomyelitis,
localized spread of the infectious process, bacteremia
and others. The benefits from a thorough radiologic
examination are obvious and outweigh the small rad-
iation risk involved. Since most infections in the iaws
arise from teeth and are confined to periapical struc-
tures, single periapical films of the tooth or involved
area are usually sufficient to demonstrate their nature

and extent. If the films, clinical findings, or history
suggest further bony involvement of the mandible, the
lateral oblique proiection is the film of choice. Right
angle views are always necessary for the complete
evaluation of such a condition, and the P-A mandible
and cross-sectional occlusal projections may help to
demonstrate buccal-lingual cortical plate expansion.
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Table 7. Common clinical situations requiring radiology and suggested radiographic examinations in
pedodontics

Indications Radiographic Examination Time of Examination

1. Detection of congenital dental
anomalies in patients undergoing
comprehensive dental care

2. Detection of carious lesions on
interproximal surfaces of
posterior teeth

3. Third molar evaluation

4. Infection:

a. Dental involvement
suspected

b. Mandibular involvement
suspected

c. Maxillary sinus involve-
ment suspected

d. Maxillary involvement
suspected

5. Trauma to the teeth and supporting
structures:

a. Suspected fractures of teeth
and the supporting alveolus

b. Suspected mandibular
fractures

c. Suspected maxillary and
other midface fractures

Six film examination (four
posterior periapicals and two
occlusals)

Bitewings with largest film
possible allowed by patient
anatomy

Periapical films to establish
presence, position, morphology
and possible associated path-
ology of third molars. Addi-
tional radiographs may be
required to establish unusual
position or pathology as noted
on periapical films

Periapical films to establish
nature and extent of dental
involvement

Lateral oblique projection,
occlusal projection, P-A mandib-
ular projection

Water’s projection, lateral
sinus projection, molar peri-
apical films

Usually complex radiographic
techniques beyond the capabilities
of most private dental offices are
necessary

One isometric periapical and
one eccentric (25o-40°) peri-
apical with further views as
indicated

Obtain right angle views,
lateral oblique projection,
occlusal projection, P-A
mandible projection (pano-
ramic projection)

Usually complex radiographic
techniques beyond the capabil-
ities of most private dental
offices are necessary

Once between the ages of
six and eight years

As infrequently as is indicated
by clinical examination, caries
activity and spacing of teeth

Once between the ages of
fourteen and seventeen

As clinically indicated

As soon as possible after
injury as complications such
as swelling impair the ability
to perform an adequate radio-
graphic examination
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Extensive osseous involvement of the maxilla is rare
and requires films usually beyond the capacity of the
dental office. Infections of the maxillary sinus are
best demonstrated by the molar periapical film, and
the lateral sinus and Water’s proiections.

5. Trauma. The pedodontic patient who presents
with localized trauma to the teeth and iaws requires
a thorough historical and clinical evaluation. The po-
tential complications of undiagnosed or improperly
diagnosed traumatic injuries are numerous, and since
most are osseous or dental in nature, such complica-
tions may be obviated by an appropriate and thorough
radiographic examination of the likely areas of in-
iury.69,7°,71 As with infection, therefore, the obvious
substantial benefit which results from the complete
demonstration of the injuries via radiographic exam-
ination leading to appropriate treatment outweighs
the radiation risk.

Andreasen has discussed the need for multiple rad-
iographic views in the examination of suspected frac-
tured teeth. 7~ From an optical point of view, a two-
film examination consisting of one standard and one
eccentric periapical film, with the tube head rotated
and the film in the standard position, of the trauma-
tized tooth usually will demonstrate the presence or
absence of a fracture of the root. If a fracture is docu-
mented, or if the clinical evidence is not consistent
with the radiographic findings, further radiographs
may be necessary. For example, if there is clinical
evidence that the root apex of a maxillary incisor
tooth has been displaced into or through the buccal
plate, the lateral view using an extraorally placed peri-
apical or occlusal film has been suggested.7’2 However,
as this technique does not necessarily demonstrate
collimation requirements and as it is an extraoral film,
it may violate both federal and state regulations. Al-
ternatives are intraoral placement of dental films in
the buccal vestibule or use of an extraoral cassette. If
the clinical evidence suggests a root fracture which is
not demonstrated on initial radiographic examination,
further eccentric periapical films may be indicated.

Fractures of the mandible and midface usually pre-
sent with compelling historical and/or clinical find-
ings. These patients will generally be treated by an
oral surgeon or hospital-based dental service. The di-
agnostic work-up usually will involve a radiographic
examination, thus the most prudent course with such
a patient in a private office is referral without radio-
graphs, since any films would most likely be dupli-
cated at the time of treatment at the surgeon’s office
or in the hospital.

For those practitioners who are involved in the care
of facial and mandibular fractures, the following gen-
eral principles apply to the radiographic examination
of such traumatized patients. In the case of suspected

mandibular fractures, right angle views are essential
to adequately demonstrate the existence of a fracture
and the nature of any displacement. The lateral oblique
proiection demonstrates the mandibular body and
ramus, and the open mouth Towne proiection demon-
strates the condylar head and neck, while the P-A
mandible, right angle mandibular occlusal, and/or
submentovertex projections demonstrate the body, ra-
mus and symphysis in right angle proiections. There
have been recent preliminary studies conducted at
the Vanderbilt University Medical Center which sug-
gest that the panoramic proiection may be a particu-
larly high yield procedure when used to confirm the
presence of a clinically suspected fracture.* Radio-
graphic examination of fractures of the midface and
cranial bones may be complex and dictated by the
clinical situation.

Follow-up of Infection and Trauma. Radiographs
can be effective means of following osseous response
to therapy after trauma and/or infection. Keeping in
mind the requirement that there must be a 30 percent
to 60 percent alteration in the mineral content of the
tissue to result in a detectable radiographic change,7a

an adequate time interval should be allowed before
taking follow-up films. For example, iust as there may
be no radiographic evidence of an acute osteomyelitis
in an obviously clinically ill patient until three weeks
after onset of the disease, a healing mandible with
previous widespread chronic osteomyelitis may still
present radiographically as seriously diseased for sev-
eral weeks after positive response to therapy. In order
to reduce the number of follow-up films, every effort
must be made to duplicate as closely as possible the
patient positioning and exposure factors used in the
original examination. This, of course, requires thor-
ough quality control and record keeping at all times.

Extraoral Curved Surface Panoramic Radiography

The current popularity and misunderstanding of ex-
traoral panoramic radiology in pedodontic practice re-
quires discussion. Following the introduction of extra-
oral panoramic machines into the United States in the
early 1960s, its supposed virtues of low dose, ease of
operation, patient education capabilities, patient com-
fort, and high diagnostic content were extolled, and
there has been subsequent widespread use of this pro-
cedure for a variety of clinical situations.74,75,76,77 It is
our contention that although there are specific clin-
ical indications for an extraoral panoramic film, the
vast maiority of panoramic radiographs taken in the
United States today are inappropriate, unnecessary,
and potentially inaccurate and confusing. Extraoral

*s. J. Gibbs, Department of Radiology, Vanderbi|t Univer-
sity, Nashville, Tennessee 37232, personal communication.
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panoramic radiology substantially adds to the popu-
lation radiation burden with little if any concomitant
benefit to the patients.

The extraoral panoramic film is a tomogram-an op-
tical slice which intentionally blurs structures in front
and in back of the part of the obiect being examined.
Although tomographic units used in medical radiology
can be operated in such a way as to finely control
the areas being demonstrated or blurred, the pan-
oramic unit produces a film with fixed cut thicknesses
and limited flexibility in patient positioning. Varia-
tions in patient positions and anatomic configurations
result in a lack of precise control over the anatomic
areas in focus on the film. Obiects in and about the
iaws, not in the plane of focus of the cut, may be par-
tially or completely absent in the resultant film. This
applies to obiects as large as impacted teeth. 78 Addi-
tionally, there are inherent distortion artifacts fre-
quently observed in a variety of areas.79,8°,81

There are several articles dealing with relative dosi-
metry of panoramic and conventional intraoral radi-
ography, and these studies have explained patient ex-
posures and/or absorbed doses in a variety of ways
including: local skin entry dose, total skin entry dose,
integral absorbed dose, marrow absorbed dose, thy-
roid dose, and most recently marrow equivalent dose.
In most of these studies, skin and marrow doses from
the panoramic films have been lower than a conven-
tional full-mouth intraoral radiographic examination
due to the dose reducing quality of film/screen com-
binations. 82,83 Recent studies have indicated that the
use of the new extremely high speed rare earth imag-
ing systems can result in a substantial dose reduction
beyond current levels.84

It must be remembered that there are centers of ro-
tation in the patient’s head which receive greater ex-
posures in extraoral panoramic radiography than in
intraoral radiography, most notably thyroid, salivary
gland and pharyngeal-lymphoid regions. 8~ Recent
Monte Carlo dosimetric studies suggest that-the in-
creased lifetime cancer risk per million persons for a
single panoramic film is quite similar to that from a
collimated, 16-22 film full-mouth series. 1°,~ The ex-
posure to the thyroid gland is of particular concern in
taking panoramic films in the pediatric age group. As
discussed earlier, the thyroid gland in children is a
pal-ticularly sensitive organ to low-level radiation car-
cinogenesis. Myers et al. s’2 have recently discussed the
necessity of shielding the thyroid gland, especially in
children, during panoramic and cephalometric radio-
graphic procedures. In their discussion, they pointed
out the more superior anatomic position of this gland
in the child, thus placing it closer to the primary
beam field than in the adult.

Perhaps the single greatest excess contribution to

the patient radiation exposure from panoramic radi-
ography occurs when suspected positive findings on
panoramic films generally require additional plain
films* to be taken. These films are needed to clearly
demonstrate and define suspicious positive findings
which are poorly shown on the panoramic film due to
its inherent distortion. The plain films usually could
have been ordered at the outset if a thorough and
thoughtful clinical and historical evaluation were ob-
tained, and would have demonstrated the pathology
without the need for the panoramic film. Addition-
ally, panoramic artifacts in the midline and molar
regions often suggest the presence of pathology and
require plain films which reveal nothing more than
normal anatomy. The patient has been unnecessarily
exposed twice. Artifacts which may be suggestive of
cystic or neoplastic disease are lucencies in the man-
dibular midline, maxillary antral and tuberosity re-
gions and the mandibular molar-ramus region. A more
extensive discussion of such artifacts may be found
in a recent publication by Reiskin.sl

The panoramic radiograph is often used as a popu-
lation screening device. Even if there were a favor-
able risk-benefit ratio from radiologic screening for
serious occult dental disease, the panoramic film
would be a poor choice since it neither demonstrates
the entire dental and osseous content of the iaws nor
possesses adequate sharpness and definition. It is rare-
ly possible to arrive at a secure radiographic diagnosis
based on this film alone. Screening for dental disease
using a panoramic film is comparable to screening for
lung cancer with a random cut tomogram in one
plane of the lungs.

There are several reasons cited in the literature for
taking panoramic radiographs on children. These in-
clude the relative rate of success of the examination,
patient comfort, ease and speed of the examination,
and the usefulness of the film as a patient education
aid. 6~,75,77,86 Clearly, these reasons for taking pan-
oramic films are not related to the clinical needs of the
patient. They do not contribute appreciably to any-
thing but the convenience of the dentist and the radia-
tion exposure of the patient. Although one could argue
that the higher yield of diagnostic quality films is
valid, this shows a lack of adequate technique in per-
forming conventional high yield radiologic examina-
tions, since techniques are available to do so.

While the majority of pediatric panoramic exam-
inations appear to be inappropriate and unnecessary,
there are certainly indications for the taking of such
films. They are particularly useful for patients in

*"Plain films" are films in which all structures between the
radiation source and the film appear in focus on the fihn. All
intraoral films are plain films.
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whom conventional radiology cannot be performed.
Such patients would include: those in intermaxillary
fixation; some post-trauma patients; patients who are
not able to tolerate films or instruments in their
mouths; and perhaps, those with suspected mandibu-
lar fractures. As with all other forms of tomography,
the panoramic projection is a specialized examination
which has a place in clinical dentistry when well de-
fined clinical criteria and iudicious use result in a fa-
vorable risk-benefit ratio.

Techniques for Minimizing Patient Exposure

Thus far, we have discussed the rationale for de-
cision making in pedodontic radiology based on con-
sideration of the individual needs of each patient. This
is the manner in which the greatest reduction in the
pediatric population radiation exposure in dentistry
can be accomplished.

The means of reducing the radiation dose to the
absolute minimum is through the use of state-of-the-
art technique and equipment. Bengtsson in a recent
review of maxillofacial aspects of radiation protection
discussed the strong influence of technical factors on
the radiation dose to the patient. 1° He stated that ex-
aminers not particularly interested in the radiation
dose easily give more than twice the dose given by
examiners strongly interested in patient radiation pro-
tection.

There are numerous publications in the dental lit-
erature which discuss radiological techniques and
equipment for use in pedodontics which will result in
significant patient dose reduction.8r,88,89,9°,91 We shall
limit our discussion to a brief review of these tech-
niques and consideration of beam-guiding, field-size-
limiting, film-holding devices.

1. Variable voltage equipment allows the use of the
highest possible kVp for the desired clinical result,
thus reducing the exposure of the skin and superficial
structures. A recently developed alternative to the
variable kilovoltage machine is the fixed 70 kVp ma-
chine with samarium filtration and small focal spot
size which permits higher contrast radiology than 80
to 90 kVp units while delivering a significantly re-
duced radiation dose to the patient.81

2. Fast speed film (speed group "D") combined
with high milliamperage machines allow the minimal
exposure time with a reduction in exposure and mo-
tion distortion.

3. Wrap-around leaded apron~ and thyroid shields
substantially reduce exposures to critical body sites
and alleviate patient concern regarding gonadal ex-
posure.

4. Optimal processing chemistry eliminates the need
for overexposing and underdeveloping films which

only adds to the patient’s radiation burden and re-
suits in poor film quality.

5. A daily quality assurance program for optimal
machine and processing chemistry performance should
be instituted in every pedodontic office. Deterioration
of machine or chemistry performance can result in in-
creased patient exposure in a variety of ways.

6. Use of double film packs allows an original radio-
graphic record to be sent to another practitioner while
permitting an identical set to be maintained in the of-
fice and provides insurance against loss of one set.

7. The use of beam-guiding, field-size-limiting, film-
holding instruments for intraoral radiology is prob-
ably the most significant advantage in patient dose re-
duction, film quality improvement, and attainment of
consistently successful films in recent decades. Fed-
eral regulations state that for medical diagnostic radi-
ology, the beam size must not exceed the receptor size.
Although intraoral dental radiology is not included in
these regulations, the technology to restrict the inci-
dent beam to the size of the film is readily available
in the market. Such devices have been shown to dra-
matically reduce radiation doses to marrow, thyroid,
and other tissues outside of the area being examined.92

This is accomplished not only by restricting the beam
size to that of the receptor but by the incorporation of
a metal shield behind the X-ray films, on some of
these devices, which absorbs that part of the primary
beam passing through the film packet. Additionally,
such devices improve film quality by reducing inci-
dent scatter and maximizing proiection geometric re-
lationships between teeth, alveolar bone, and the pri-
mary beam.9~ These devices reduce the number of re-
takes by allowing precise positioning of the films and
permit sequential films of the same area to be taken
using the same proiection geometry throughout the
prolonged treatment period. Every pedodontist should
have such instruments in his or her office.

Summary
The risk of cancer induction in children by exposure

to low-level X-radiation demands the thoughtful use
of diagnostic radiology in pedodontics. The possible
relationships between decreasing radiation dose and
cancer induction are discussed, and human, animal
and cell culture studies of radiation carcinogenesis
and malignant transformation are presented to clarify
and explore these low-level radiation risk concepts.

The concept of high yield criteria to determine the
need for radiographs is presented and the applications
of such criteria to pediatric patients with caries, trau-
ma, infection, third molar and congenital abnormali-
ties are discussed. Screening and panoramic radio-
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graphic examinations are also considered. Techniques
for reducing patient exposures to an absolute mini-
mum are presented.
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