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Radiation exposure in pediatric dentistry:

an introduction

Arthur J. Nowak, DMD

Recently, there has been considerable informa-
tion in the public media regarding the possible risks to
humans from exposure to ionizing radiation. Esti-
mates have stated that 90% of the total man-made ra-
diation dose to which the population of the United
States is exposed is from medical and dental uses of
radiation. Because of the possible risk coupled with
the amount of radiation attributable to medical and
dental uses, the public is questioning the number
of diagnostic radiographs made in dentistry and
medicine.

Almost every practicing dentist has a device for
taking radiographs in his/her office. Dentists have
traditionally been taught to rely heavily on X-ray
films to confirm or supplement their clinical examina-
tion. With each X-ray exposure, there is an associated
risk to the patient from ionizing radiation that may
even be greater in the pediatric patient.

In an attempt to assist the dental profession and to
provide information to the public, numerous pamph-
lets and articles have been published and made availa-
ble by the American Dental Association, various spe-
cialty associations, and federal agencies. Unfortu-
nately, there continues to be a considerable amount of
abuse and misunderstanding of ionizing radiation not
only in the public sector but also within the profes-
sion. Consumer advocates bombard the lay press and
media with suggestions for questioning health practi-
tioners as to the need for radiographs for themselves
or their children.! Consequently, the profession is chal-
lenged daily by these patients as to the need for
radiographs, the frequency, and the numbers.

Frequently, radiographs are not permitted, often
resulting in an incomplete diagnosis or no diagnosis at
all. Many dentists, in response to these challenges,
have become frustrated and fearful of legal action
even with the traditional use of radiographs.’

Many pedodontists have turned to the American
Academy of Pedodontics for help. The Academy as-
sists them by providing information for distribution to
the parents of patients, and by developing guidelines
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on the use of radiographs in pediatric dentistry.

Unfortunately, most of the guidelines are tradi-
tional ones that have been available to the profession
for a number of years, modified primarily with the
subjective opinions of practicing dentists and acade-
micians. Although significant progress has been made
towards modifying X-ray equipment and developing
high speed film to further reduce exposure (reduce ra-
diation dose) traditional criteria for the taking of
radiographs are still utilized.

With the decrease in the incidence of dental disease
presently being reported, it is even more questionable
as to whether traditional criteria for the taking of ra-
diographs should be utilized. With over a hundred
million citizens in the United States exposed to com-
munity waters with an optimal fluoride amount, and
an increased tendency of patients to practice daily
preventive dental routines, it is now time to review
previous recommendations and to develop criteria
based on contemporary health practices.

Review of pedodontic radiology

There are three types of radiographs which are
used in the practice of dentistry: bitewing, periapical,
and extraoral.

The technic for taking each of these films is de-
scribed in detail in texts available on dental radiology*’
and dentistry for children.*" These textbooks, scien-
tific articles on oral pathology, and texts on oral ra-
diographic interpretation give many examples of how
normal and abnormal oral structures appear on ra-
diographs, and how both satisfactory and inadequate
dental treatment appear on radiographs.

Most dental offices know how to take radiographs
and they recognize normal and abnormal dental con-
ditions on radiographs. However, dentists do not agree
on the frequency or number of radiographs which
need to be taken. The section on radiology in the
Manual for Children’s Dental Care Programs® of the
American Academy of Pedodontics and The American
Society of Dentistry for Children states only:



“Today there is concern about overexposure to
ionizing radiation. Precautions should be practiced
for the protection of the dentist, dental auxillary,
and patients. Overexposure should be minimized
through the use of trained and experienced person-
nel and procedures for developing radiographs
should yield high quality images.

The frequencies of radiographic exposure should
be limited. Additional radiographs should be taken
only when the dentist anticipates that the informa-
tion he is likely to obtain will contribute materially
to proper diagnosis and prevention of disease.

Radiation hygiene is important. Reasonable pre-
cautions should be evident that exposure to ioniz-
ing radiation is minimized to the patient and the
dental personnel.”

This lack of specificity is often found when dental
texts approach the question, when should a radio-
graph be taken? Often the question is not even posed.

Bitewing Radiographs

The use of bitewing radiographs to diagnose inter-
proximal caries is unquestioned. It is recognized that
as high as 75% of posterior interproximal carious le-
sions in children could not be diagnosed without bite-
wing radiographs.® However, there is little agreement
in the dental literature on the frequency of bitewing
radiographs or by what age the dentists should start
to take these radiographs.

Finn in his text on Clinical Pedodontics states that
bitewings should be taken every six months, and for
some children every three months. Dwyer* recom-
mended that bitewings be taken every four months.
He described research which indicated that if caries
were noted to progress during the four-month period,
then the teeth should be restored.

Smith® recommended that bitewing radiographs be
taken every four months for caries-active children.
Van de Poel and Berendson® recommended that bite-
wings be taken every six months. They further recom-
mended that bitewings should be taken by the time
the child is two and one-half years of age. Law" recom-
mended that bitewings be taken by the time the child
reaches four or five years of age.

Zamir” in a study of 14- and 15-year-olds reported
that carries progressed very slowly and was limited to
a small percentage of the population. He recom-
mended that bitewings only be taken every two years.
His rationale was similar to the rationale used by
Dwyer" — that is to restore only the caries that are
found to be progressing when examined with a ra-
diograph.

None of the other texts define a caries-active child
who needs bitewings nor do they develop any ration-
ale for their recommendations on the frequency for
taking bitewing radiographs. McDonald and Avery?
state only that, “. . . subsequent radiographs at regu-

lar intervals are necessary to detect incipient carious
lesions and other developing anomalies.” The new
Textbook of Pediatric Dentistry® contains no specific
recommendations on the frequency for taking bite-
wings.

Periapical Radiographs

Periapical radiographs are taken in a set series of
six, eight, ten or twelve to screen for dental pathology.
However, in our current texts, the reason for taking
these radiographs is usually vague and very brief. Mc-
Donald and Avery® state that, “ . . . the radiographic
examination for children must be completed before
the treatment plan can be developed . . .”
Finn® states that, “Children should have a complete
survey of the mouth taken as part of their regular first
visit and periodically thereafter.” Law" noted that,
“It is desirable to make a complete dental ra-
diographic survey of the child’s primary and develop-
ing permanent dentition as soon as it is practicable.”

Wuehmman and Manson-Hing* recommended that
all children have a complete intraoral set of ra-
diographs taken and that these intraoral radiographs
be completed every five years. Langland and Sippy*
state, “ . . . complete mouth radiographs are recom-
mended at the first dental examination of the child.”
They report that these radiographs will reveal addi-
tional dental problems in 50% of young patients. No
support for this statement is given.

These recommendations are in contrast to the re-
commendations of Van de Poel® who stated that, “ . ..
these occlusal surveys are made only once, either
shortly before, or at the beginning of, the mixed denti-
tion stage.” This recommendation is reinforced by
Valachovic and Lurie® who developed a risk-benefit
ratio and recommended that children not receive a
complete radiographic examination until early in the
mixed dentition (6 to 8 years of age). They further rec-
ommended that only a six film intraoral series should

- be used for the examination. This series would consist

of two anterior occlusal films and four posterior per-
iapical films.

Extraoral Radiography

There are a number of extraoral radiographs that
are utilized in dentistry. They include the panoramic,
cephalometric, and oblique radiographs. The number,
frequency, and usage varies throughout the profession.

Pelton and Bethard® recommended that panoramic
films be used rather than a periapical series of films.
However, Manson-Hing states that, “we currently
lack research results which allow a detailed evaluation
of the specific diagnostic value of panoramic dental ra-
diographs . . . ” Valachovic and Lurie® do not recom-
mend the use of panoramic radiography and state
that, “Perhaps the single greatest excess contribution
to patient radiation exposure from panoramic ra-
diographs occurs from the fact that suspected positive
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findings on panoramic film generally require addi-
tional periapical films to be taken.” The abnormality
would have been seen on the periapical radiograph if
taken as the original film.

The cephalometric radiograph is used primarily by
orthodontists and pedodontists to analyze craniofacial
and dentofacial disharmonies. The cephalogram is
usually taken prior to orthodontic treatment to com-
plete an analysis that assesses bone growth and posi-
tion as well as revealing tooth placement in basal
bone. Frequently, following treatment, the
cephalogram is again taken to evaluate the attain-
ment of treatment objectives.

No specific recommendations on frequency and
number of cephalograms presently exists. They.are re-
served primarily for patients undergoing orthodontic
treatment. One widely used orthodontic text lists
them under “Supplemental Diagnostic Criteria” and
not under “Essential Diagnostic Criteria” in develop-
ing a diagnosis and treatment plan. Nevertheless, the
author does state, “More and more specialists recog-
nize the significant contributions made to diagnosis
and case analysis and consider cephalometrics an es-
sential adjunct to orthodontic therapy.”

The oblique radiography is a 45° lateral projection
that has traditionally been used in dentistry to record
the actual position of posterior teeth in either the left
or right buccal segment. Primarily used in orthodon-
tics, oral surgery, and pedodontics, it is now being
used on patients who are unable to tolerate intraoral
radiographs — for example, the patient with a devel-
opmental disability. Again, no recommendation on
usage and frequency are presently available.

It is easy to agree with White and Tsamtsuris®
when they state, “Presently there appears to be many
radiographs taken routinely without consideration as
to their purpose.” Blaschke firmly states that, “All ra-
diographic examinations must be absolutely indicated.
X-ray diagnosis is not be used in place of a thorough
clinical evaluation.”

The profession is clearly at a point where we need
to develop a detailed answer to the question “when
does a radiograph contribute to proper diagnosis and
prevention of dental disease in children?” A confer-
ence/workshop would allow for discussion and the ex-
change of ideas between pedodontists in academica
and pedodontists in practice so necessary to develop a
satisfactory answer to this complex question.

Risk of Low-level Radiation

A recent concern of agencies establishing risk and
safety guidelines has been somatic damage, and pri-
marily cancer induction in individuals exposed to low
levels of radiation. This recent revival of interest ap-
pears to be leading towards new and more accurate ge-
netic risk estimates to the population.

There is now data available that associates low
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levels of X-radiation with induction of cancer, en-
hancement of cancer induction by other agents, and
cellular changes associated with the induction of
cancer. Although the dose levels and rates vary widely
in the studies, many fall within the ranges used in
diagnostic dental radiology. These studies also indi-
cate that children are more susceptible than are adults
to low-level radiation carcinogenesis. Therefore, when
making radiographs, clinicians must do so with con-
sideration of the child’s biologic risk using a sound ra-
tionale for taking the radiographs.

Radiation Protection

The best method to reduce the exposure to the pa-
tient of radiation is to use the minimum number of
films based on the needs of the individual patient.

Further reduction in radiation dose can be reduced
to the absolute minimum by:

. The use of a variable voltage X-ray machine,

. Ultraspeed film

. Wrap-around leaded aprons and thyroid shields,

. Optimal processing chemistry,

. Use of double pack films,

. Use of beam guiding field-size-limiting film-hold-
ing instruments,

7. A daily quality assurance program.

Nevertheless, it has been reported that many den-
tal offices follow few of the above recommendations.?
Many offices fail to use leaded aprons and very few
are using thyroid shields. Overexposure and shorter
processing time are used by offices to reduce chair
time in order to see more patients.

In a recent program sponsored by the Bureau of
Radiological Health, 12,700 X-ray machines out of
118,000, were identified as emitting radiation doses in
excess of the acceptable exposure range.

It is obvious from these reports that there still
exists a considerable amount of confusion on the tech-
nical aspects of radiology once the dentist has deter-
mined the need for and number of, X-rays based upon
the patients’ individual needs. Clarification and
recommendations are needed.

Dental Radiology For Special Patients

Often, alternative technics must be utilized for in-
fants, very young children, or patients who are de-
velopmentally disabled. The resulting radiograph is
frequently a compromise and many times unusable.?

Alternative recommendations have been described
in the literature which includes restraining the patient
by auxiliaries or parents; restraining using commercial
restraints; holding the film in the mouth with fingers
or holders; holding the patient’s head with leaded
gloves; sedating the patient; transillumination with
fiber optics; and simply taking no radiographs.

Too often the last recommendation is the most fre-
quently used. Technics need to be developed that can
be utilized by both the general practitioner and spe-
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cialist without major changes in office routine, and
which are safe for the patient.

Alternatives to Traditional Radiology

Although technics for reducing the radiation expo-
sure to a minimum have improved and recommenda-
tions have been made to protect the patient from ra-
diation, there have been no major advancements in
technology that replaces the traditional radiograph.

Xeroradiography, although used in medicine for
more than 10 years, is just now becoming a reality in
dentistry. A system is now available that is compat-
ible to standard dental X-ray equipment operating in
the usual 60-100 KVP range.

Early studies report that xeroradiography has
great promise and, compared to conventional intraoral
films, shows more anatomic detail in teeth and bone.
Most importantly, radiation exposure can be reduced
one-half to one-third the exposure time of conven-
tional intraoral films.

No reports or studies have been published yet on its
use in pediatric dentistry, but if the special sensitized
cassette can be tolerated by the pediatric patient, the
system should be considered.

Transillumination of teeth with a fiber optics sys-
tem has been suggested as an alternative method for
diagnosing interproximal caries. Although a compro-
mise, it has been used when X-ray equipment is not
available or with patients who are not able to toler-
ate an X-ray because of management difficulties. No
literature presently exists as to its use in pediatric
dentistry.

Whether other alternatives to dental radiology are
presently being developed needs to be determined.
Only then can their use in pediatric dentistry be
evaluated and recommendations offered.

Specific Conference Aims

The purpose of the conference/workshop was to
review the state of art in dental radiology; to assess
and promote the effective and safe use of diagnostic
radiology in children, both normal and disabled; and
to develop recommendations for using diagnostic
radiographs in pediatric dentistry.

Specifically, the conference participants were di-
rected to react to several questions.

1. What are the recommendations in radiographic
practices presently suggested by the American
Dental Association?

2. Is there any recent legislation introduced by
members of Congress that would affect radio-
logical practices presently utilized in dental
offices?

3. How does the Commission of Acreditation of
the American Dental Association presently
evaluate dental radiology educational programs

in dental education?

4. What is the role of the Bureau of Radiological
Health in developing, monitoring, and regulat-
ing radiological practices in dental offices?

5. Do individual states have regulatory agencies
that monitor radiological practices in dental
offices?

6. What is the present concensus on the under-
standing of the potential health effects in popu-
lation exposed to low-level radiation?

7. What effect has the increase in preventive
measures had on the incidence and progression
of dental caries?

8. When can a carious lesion first be detected
radiographically?

9. What is the incidence of pathology that may be
present in the pediatric patient that would
warrant a radiographic examination?

10. How often should radiographs be ordered to
reevaluate pathosis?

11. How can we optimize the utilization of ra-
diographs in evaluating oral/facial growth and
orthodontic treatment?

12. What are the risk/benefit considerations in pe-
dodontic radiology?

13. What are the current standards in pedodontic
radiology and are there any suggestions for al-
ternative techniques?

14. What are the various techniques presently
available to take radiographs on a patient with
a developmental disability?

To respond to the above questions, papers were
presented to provide the participants with informa-
tion on the present state of the art, and to identify
areas in need of further investigation. Participants
were then directed to develop high-yield criteria that
would identify patients who are most likely to benefit
from a particular radiographic examination.

Acknowledgements

The project director expresses his appreciation to:
the planning committee; the essayers who were asked
to contribute their time and energy; the workshop
moderators for their many hours of direction, conduc-
ting and moderating the workshop as well as writing
their final reports which were promptly submitted for
review; and finally the participants, who were so eager
to share their time and experiences in developing the
final recommendations.

We are indeed grateful for the assistance and the
encouragement of Mr. James J. Papai, Research and
Training Service Branch, Office for Maternal and
Child Health, Bureau of Health Services, Department
of Health and Human Services.

The assistance provided by Dr. James Miller, As-
sistant Director for Dentistry of the Bureau of Radio-
logical Health and Mr. Dennis Cotter, of the National

PEDIATRIC DENTISTRY: Volume 3, Special Issue 2 383



Center for Health Care Technology is acknowledged.

The local arrangements were developed and di-
rected by Ms. Carol Arends, and the administrative
staff of the Department of Pediatric Dentistry, Cin-
cinatti Children’s Hospital Medical Center. To them
we extend our appreciation for their many hours of
work and their attention to detail.

The conference director acknowledges the addi-
tional contributions made by the Children’s Dental
Care Foundation of Cincinatti, Proctor and Gamble
Corporation, and Unitek Corporation.

Finally, we wish to thank Mr. John B. Ferguson,
managing editor, for his assistance in designing and
editing this supplement; Ms. Rhonda Roewe who was
responsible for all financial aspects of the project; and
to Ms. Patty Stok as secretary to the project and con-
ference.

References

1. Laws, P. W. Medical and Dental X-rays: A Consumer’s Guide to
Avoiding Unnecessary Radiation Exposure, Public Citizen

- Health Research Group, Wash., D.C., 1974.

2. Terezhalmy, G. T. and Bottomley, W. K. General legal aspects
of diagnostic dental radiology. OS, OM, OP 48:488, 1979.

3. Manson-Hing, L. R. Fundamentals of Dental Radiography: Lea
and Febiger, Philadelphia, 1979.

4. Wuehrmann, A. H. and Manson-Hing, L. R. Dental Radiology,
4th ed.: C. V. Mosby Co., St. Louis, 1977.

5. Frommer, H. H. Radiology for Dental Auxiliaries, 2nd ed.: C. V.
Mosby Co., St. Louis, 1978.

6. Langland, O. E. and Sippy, F. H. Textbook of Dental Radiogra-
phy: C. C. Thomas, Springfield, Ill., 1973.

7.Mason, R. A. A Guide To Dental Radiography: John Wright
and Sons, Bristol, 1977.

8. McDonald, R. E. and Avery, D. R. Dentistry for the Child and

Adolescent, 3rd ed.: C. V. Mosby Co., St. Louis, 1978.
9. Finn, S. B. Clinical Pedodontics, 4th ed.: W. B. Saunders Co.,
Philadelphia, 1973.

10. Braham, R. L. and Morris, M. E. Textbook of Pediatric Den-
tistry: Williams and Wilkins, Baltimore, 1980.

11. Law, D. B., Lewis, T. M., and Davis, J. M. An Atlas of Pedodon-
tics: W. B. Saunders Co., Philadelphia, 1969.

12. Manual for Children’s Dental Care Programs, rev. 3rd ed.:
American Academy of Pedodontics, American Society of Den-
tistry for Children, Chicago, 1979.

13. Hennon, D. K., Stookey, G. K., and Muhler, J. C. A survey of the
prevalence and distribution of dental caries in preschool chil-
dren. JADA 79:1405, 1969.

14. Dwyer, D. M., Berman, D. S., and Silverstone, L. M. A study of
approximal carious lesions in primary molars. J Int Assoc Dent
Child 4:41, 1973.

15. Smith, N.J.D. Radiography and radiology for the dental practi-
tioner. Brit Dent J 135:221, 1973.

16. Van de Poel, A. C. M. and Berendson, W. J. H. Rontgenopnamen
in de Pedodontie, Nederlands Tijdschrift voor Tandheelkunde,
77:258, July 1970.

17. Zamir, T., Fisher, D., Fisnel, D., and Sharav, Y. A longitudinal
radiographic study of the rate of spread of human approximal
dental caries. Arch Oral Biol 21:523, 1976.

18. Valachovic, R. W. and Lurie, A. G. Risk-benefit considerations
in pedodontic radiology. Pediatr Dent 2:128, 1980.

19. Pelton W. J. and Bethart, H. Student Dental Health Program of
the University of Alabama in Birmingham. The Value of Pano-
ramic Radiographs. Alabama J Med Sc 10:21-25, Jan. 1973.

20. White, G. E. and Tsamtsouris, A. The use and abuse of ra-
diographs of the primary dentition. Quintess Int 8:59-62, August
1977.

21. Blaschke, D. S. Radiology, Ch. 2 in Pediatric Oral and Maxillo-
facial Surgery, ed. Bruce Sanders: C. V. Mosby Co., St. Louis,
1979.

22. Collett, W. K. Intraoral radiographic errors in films submitted
for orthodontic consultation. OS, OM, OP 49:370, 1980.

23. Steinberg, A. D. and Bramer, M. L. A new concept in extra- and
intraoral radiographs. J Dent Child 31:34, 1964.

384 INTRODUCTION: Nowak



