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An update on radiographic practices:
information and recommendations

ADA COUNCIL ON SCIENTIFIC AFFAIRS

his article provides guide-

lines intended to aid dental
professionals in promoting the
safety and efficacy of dental di-
agnostic radiology. Previous
ADA guidelines for radiographic
practices were published in
1988.! The guiding principle for
use of diagnostic radiology in
dentistry is to enhance the diag-
nostic benefits of dental radi-
ographs and minimize the asso-
ciated radiation risks to
patients and staff. The overrid-
ing principle behind reducing
radiation risk is to use expo-
sures that are as low as reason-
ably achievable—that is, the
ALARA principle.?*

The following guidelines
address the use of dental
radiographs, beam collimation
and filtration, beam quality,
lead aprons and collars, image
receptor positioning devices, op-
erator protection, infection con-
trol, film processing, darkroom
procedures, quality assurance,
image viewing, digital radiogra-
phy and continuing education.
In addition to these guidelines,
dentists should be aware of fed-
eral and state regulations appli-
cable to radiographic practices.

USE OF DENTAL
RADIOGRAPHY

ublished in 1989, the guide-
lines of the U.S. Food and
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Drug Administration, or FDA
direct dentists to exercise pro-
fessional judgment when pre-
scribing diagnostic radiographs
for dental patients and to deter-
mine the type, frequency and
extent of each radiographic ex-
amination. These guidelines for
the prescription of dental radio-
graphs have been demonstrated
as effective in maintaining an
appropriate risk:benefit ratio.*®
However, although the FDA
guidelines specify radiographic
examination types for children,
adolescents and adult patients
and for both the initial dental
examination and recall visits,
they are not meant to be consid-
ered as practice standards. For
the initial dental examination,
the nature of the radiographic
examination is tailored to the
patient’s age, dental status and
dental history. The concept of
risk of developing caries and
periodontal disease is incor-
porated into the recommended
intervals for taking recall
radiographs outlined in the
FDA guidelines. Dental radi-
ographs for pregnant patients
may be prescribed according

to usual and customary radio-
graphic selection criteria, as ab-
dominal exposure during dental
radiography is negligible.'*
This is consistent with the
FDA’s recommendation for

the use of leaded aprons as

described below. Furthermore,
usual and customary radio-
graphic selection criteria should
be applied for patients who have
received radiation therapy to
the head and neck for medical
purposes. Radiation doses in
dental radiography are insignif-
icant when compared with those
used for therapeutic purpos-
es.!>12 Patients in this popula-
tion also are at high risk of de-
veloping dental diseases and
should receive necessary diag-
nostic radiographs.

Diagnostic radiography
should be used only after clini-
cal examination, consideration
of the patient’s history and con-
sideration of both the dental
and the general health needs
of the patient. Routine use of ra-
diography as a part of periodic
examinations of all patients is
an inappropriate practice. Be-
cause each patient is different
from the next, radiographic ex-
amination should be individual-
ized. The nature and extent of
the diagnosis required for pa-
tient care constitute the only
rational basis for determining
the need, type and frequency of
radiographic examinations.
Administrative radiographs
are defined as those taken for
reasons other than diagnostic
examination of individual pa-
tients—for example, those
taken to document treatment
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performed, to meet insurance
requirements or to test students
as part of a board examination
or for teaching purposes.
Previous radiographic
records of a patient should be
made available for patients
seeking care from a new dentist,
as these films are useful in pro-
viding information about a pa-
tient’s dental history and treat-
ment. A facility may maintain
radiographic records and also
fulfill the transfer of records by
means of duplicate radiographs.

SELECTING IMAGE
RECEPTORS

he basis for selecting film

types, film-intensifying
screen combinations and other
image receptors is to obtain the
maximum sensitivity (speed)
consistent with the image qual-
ity required for the diagnostic
task. For periapical and bite-
wing radiographs, only films of
American National Standard
Institute Speed Group “E” or
faster are recommended. Since
there are minimal diagnostic
differences between the various
intraoral films available today,
the use of faster films (E- or
F-speed) is preferred because
they reduce the radiation dose
by more than 50 percent com-
pared with D-speed film.

For extraoral radiography,
use of the fastest film-intensify-
ing rare-earth film/screen sys-
tem combination that is appro-
priate for the diagnostic task is
indicated. For panoramic radi-
ography, rare-earth screens are
the fastest available and are
compatible with most modern
panoramic radiographic ma-
chines. To successfully use these
screens, older panoramic equip-
ment can be retrofitted with ad-
ditional filters, if necessary, to

reduce radiation exposure to pa-
tients and staff. The use of such
high-speed receptors, however,
may involve exposure times that
are too short for some X-ray
equipment, which results in
poor image quality.

COLLIMATING THE X-RAY
BEAM

he tissue area (and volume)

exposed to the primary
X-ray beam should not exceed
the minimum coverage consis-
tent with meeting diagnostic
requirements and clinical fea-
sibility. Proper collimation re-
stricts the amount of primary
radiation to the patient. For
periapical and bitewing radiog-
raphy, rectangular collimation
should be used whenever possi-
ble because a round field beam
(as produced by open, round col-
limators) used with a rectangu-
lar image receptor produces seg-
ments of the beam circle that
are not used in receptor expo-
sure, which causes unnecessary
radiation exposure to the pa-
tient. Round collimation deliv-
ers three to four times the ab-
sorbed radiation of rectangular
collimation.'®*® Moreover, the
position-indicating device, or
PID, should be shielded and
open-ended to further approxi-
mate beam size to the size of the
image receptor and thus limit
radiation exposure to patients
and staff. Rectangular collima-
tion of the beam can be obtained
by replacing the round PID with
a rectangular one, attaching a
special rectangular collimating
plate to the end of the round
PID or using a film holder that
incorporates a metal shield to
block radiation beyond the
edges of the film. Individual
state regulations stipulate the
maximum size of the X-ray
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beam. Supplemental beam collima-
tion may be used to contain the
size of the beam to that of the den-
tal film or digital receptor.

BEAM FILTRATION

B eam filtration should comply
with federal and state regula-
tions. The most judicious use of fil-
tration involves selective filtration
of excessively high-energy and ex-
cessively low-energy radiation. A
kilovoltage best suited to the diag-
nostic purpose should be used. The
range of 70 to 100 kilovolt peak, or
kVp, is suitable for most purposes.
A kVp below 70, however, can de-
liver unnecessarily high radiation
doses. Within this range, lower
kilovoltages are associated with
higher-contrast images, shorter
grayscale, higher entrance skin
doses, lower deep-tissue doses and
lower levels of scattered radiation.
Higher kilovoltages, associated
with lower-contrast images but
longer grayscale, enable a better
separation of objects of different
densities. Higher kilovoltages also
provide lower entrance skin doses,
higher deep-tissue doses and high-
er levels of scattered radiation.

In the United States, X-ray
machine manufacturers are re-
quired to install internal alu-
minum beam filters in all X-ray
units. Rare-earth beam filters may
be added for supplemental use to
further remove higher energy radi-
ation from the beam and reduce
patient exposure.

USE OF LEADED APRONS AND
COLLARS

Ithough radiation exposure to

the gonads and thyroid glands
may be negligible in properly con-
ducted radiographic examinations,
radiation dose to the thyroid is
considered the largest component
of the effective dose in dental ra-
diography. As such, leaded collars
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should be used whenever practi-
cal to minimize any unneces-
sary radiation exposure. Leaded
thyroid collars are strongly rec-
ommended for use with pedi-
atric patients, because chil-
dren’s thyroid tissue is highly
susceptible to X rays. However,
these collars should not be used
with panoramic radiography be-
cause they interfere with the
primary beam. The beam in
panoramic radiography is pro-
jected at a minus angle; there-
fore, a thyroid collar could pre-
vent the imaging of mandibular
teeth.

Although scatter radiation
to the patient’s abdomen is ex-
tremely low, leaded aprons
should be used to minimize pa-
tient’s exposure to radiation.

RECEPTOR HOLDERS

Receptor/ﬁlm holders that po-
sition the receptor to coin-
cide with the collimated X-ray
beam should be used. A number
of specialized holders are de-
signed for periapical and bite-
wing radiography. Some holders
also block the primary beam be-
yond the plane of the receptor, a
feature that reduces radiation
exposure even further. To pre-
vent irradiation of the fingers
and bending of the film, which
can result in inaccurate image
geometry, radiographic film
should not be held in the oral
cavity by the patient or the den-
tal professional .

OPERATOR PROTECTION

Unless protective shielding is
provided for the operator,
the installation should be ar-
ranged so that the operator can
stand at least six feet from the
patient and in a location that is
not in the path of the X-ray
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beam during exposure. Work-
loads of more than 1,800 milli-
ampere seconds per week may
require use of an additional bar-
rier. Barriers should contain a
leaded glass window to enable
staff to view the patient during
exposure. Information on
shielding design, including
determination of barrier re-
quirements, can be obtained
from the National Council on
Radiation Protection and Mea-
surements.™ Practitioners
should consult state govern-
ment regulations regarding the
protection of staff members sub-
ject to occupational exposures;
they also should consult state
radiologic health personnel or
other qualified experts regard-
ing the proper design of radi-
ographic facilities. Monitoring
the radiation exposure of dental
personnel, particularly women
of childbearing age, is desirable
and, in fact, mandatory in many
states. Dosimetry badges are
available from several commer-
cial sources for this purpose.

EXPOSURE AND FILM
PROCESSING

xposure settings should

be established for optimal
image quality. Practitioners
should be aware of the appro-
priate exposure ranges for the
techniques being used. Over-
exposure accompanied by
underprocessing is not recom-
mended, as this practice ex-
poses the patient and office per-
sonnel to unnecessary radiation
and may result in loss of image
quality and important diag-
nostic information. As many
states maintain exposure guide-
lines (milliamperage and time
settings) for intraoral radiogra-
phy, it is prudent to contact
the state radiation protection

agency for this information.

Film processing should be
performed under the manufac-
turer-recommended conditions
with proper processing equip-
ment and a darkroom with
safelights. Alternatively, an
automatic processor with an ap-
propriate safelit hood may be
used. The length of time that
film can be exposed under par-
ticular conditions of safelighting
should be established by a safe-
light test.'® All exterior light
should be excluded from a dark-
room to prevent fogging of
films, and it should be noted
that faster, more sensitive films
are more vulnerable to dark-
room light leaks than slower-
speed films. Darkrooms should
be checked routinely for light
leaks.

DARKROOM PRACTICES

Proper radiologic darkroom
practices should be fol-
lowed.” These include (among
others) maintaining a darkroom
with adequate ventilation,
avoiding repeated skin contact
with processing chemicals and
avoiding microbial contamina-
tion in handling film packets.

INFECTION CONTROL

To minimize the potential for
cross-contamination, the
general principles of asepsis
should be applied consistent
with the infection guidelines for
dental radiography from the
American Academy of Oral and
Maxillofacial Radiology.* The
guidelines include the following:

Apply universal precautions,
treating each patient as poten-
tially infectious and taking ap-
propriate measures to protect
patient and provider.

Wear gloves during all radio-
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graphic procedures and when
handling contaminated packets,
supplies and instruments.

Heat-sterilize nondisposable
instruments (such as intraoral
film holders, beam-aligning de-
vices and bite blocks) between
patient uses. Alternatively, use
new disposable devices for each
patient, discarding contaminat-
ed items after patient use.

Disinfect or barrier-protect
ear rods, chin rests, head posi-
tioners and digital radiography
sensors between patients.

Disinfect or cover work sur-
faces and other contact areas
(such as the hand-operated
exposure switch and cone)
between patients. During
radiographic procedures and
subsequent film processing,
minimize contact between con-
taminated gloves and environ-
mental surfaces; for example,
perform chair adjustments in
advance, use a single standard
head position for maxillary and
mandibular periapical radi-
ographs, and obtain all neces-
sary supplies before seating the
patient. Disinfect between pa-
tient visits any environmental
surfaces that become
contaminated.

Use barrier-protected film
when possible to greatly mini-
mize infection-control pro-
cedures. After exposure, the
protective surface coverings
are removed from the film
packet, and the uncontaminated
film can be managed without
gloves or other precautions.

If barrier-protected film is
not used, use a disposable con-
tainer (such as a paper cup) to
transport contaminated film
packets to the darkroom. With
gloved hands, open film packets
and allow the film to drop onto
a clean, covered surface. This
allows the film to be processed

with ungloved hands. Likewise,
do not wear gloves when receiv-
ing and mounting radiographs.
When using a daylight load-
er, contamination is difficult to
avoid. If barrier packets are not
used to protect film from con-
tamination or are not removed
before using the daylight loader,
remove gloves and wash hands
before using the loader. Lift the
cover of the daylight loader and
place clean gloves and the con-
taminated film packets inside.
Close the lid, then slide hands
through the loader’s sleeves and
into the unit. Don the gloves be-
fore handling the film packets;
remove gloves before hands are
withdrawn from the loader.

QUALITY ASSURANCE

Aquality assurance program
should be established to en-

sure high-quality radiographic
images. This includes routine
monitoring of X-ray generators,
processing equipment and pro-
cessing conditions.®*!” Main-
tenance should be performed at
regular intervals. For more in-
formation on specific areas of
quality assurance, contact the
FDA Center for Devices and
Radiological Health, 5600
Fishers Lane, Rockville, Md.
20857.

IMAGE VIEWING

adiographic images should

be viewed under proper
conditions with an illuminated
viewer to obtain maximum
available information. A
variable-intensity viewer is
desirable, as high-density areas
of an image require more light
intensity than low-density areas
for optimal viewing. The region
around the film being viewed
should be masked to prevent
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glare; minimal extraneous room
light is recommended to avoid
excessive reflections. In some
cases, magnification may be
helpful in viewing radiographic
images.

DIGITAL RADIOGRAPHY

he objective of maxillofacial

radiography is to achieve
images of high diagnostic qual-
ity in a short time with a mini-
mal dose of radiation to the pa-
tient. Digital radiography, a
relatively new technology, offers
a means to these ends. The con-
cept has been applied to two
types of systems: those using
imaging sensors based on
charged-coupled devices, or
CCD, and those using photo-
stimulable storage phosphor,
or PSP, sensors. Because image
acquisition is more rapid with
CCD systems than with PSP
systems, the former may be
more useful when instant radio-
graphs are desirable (for exam-
ple, oral surgery, endodontics or
implant placement). However,
PSP systems—Dbecause of the
added time and steps they re-
quire for image acquisition—
may be more appropriate in
general radiographic practices,
where the need for instant im-
ages may not be as essential.

A CCD imaging system,
which has an intraoral sensor
the size of intraoral films, con-
nects to a computer with a wire.
A reusable sensor is placed at
the desired position in the oral
cavity and exposed to the
X-rays. A radiographic image
appears on the computer screen
almost instantaneously. With
digital imaging, the amount
of radiation needed to create
an image is reduced by 50 to 90
percent, depending on the
system.
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PSP systems use a filmlike
sensor plate with a storage
phosphor on one of its surfaces.
Once exposed, the sensor is
placed in a scanning device, and
the image appears on the com-
puter screen in approximately
one or two minutes. Exposing
the plates to strong light (for
example, placing them on a
view-box) for approximately
one minute eliminates the ori-
ginal image, allowing the plate
to be reused repeatedly. Storage
phosphor systems use an
amount of radiation comparable
to that used in CCD-based
systems.

CCD and PSP systems pro-
duce images of similar quality,
and an array of computer-
assisted modifications are avail-
able for both to allow image ro-
tation, inversion, colorization,
measurement and contrast
changes, as well as an array
of other modifications. These
images also can be printed on
photo-quality paper or on trans-
parent sheets using any num-
ber of standard printers.

Advantages of digital radiog-
raphy include rapid image de-
livery, the ability to electroni-
cally transmit information to a
consulting peer, and expeditious
enlargement or other modifica-
tion of radiographic images for
enhanced diagnostic capabili-
ties and patient education. In
addition, digital radiography
eliminates the need for a dark-
room as well as the cost and
stocking of film and processing
chemicals.

While digital imaging sys-
tems provide high-quality im-
ages, they may not provide the
same level of exchange capabili-
ties. Proprietary formats may
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limit the opportunities for shar-
ing digital images, unless a
common format is used. The
Digital Imaging and Communi-
cations in Medicine, or DICOM,
standard is the result of efforts
by medical and dental profes-
sionals to develop a common
format for exchanging images
and information. With the ulti-
mate goal of total interconnec-
tivity among medical and den-
tal imaging devices, the DICOM
standard is becoming widely
accepted throughout the health
care industry.

CONTINUING EDUCATION

ractitioners should stay in-

formed of new information
on radiation safety issues, as
well as developments in equip-
ment, materials and techniques,
and adopt appropriate items to
improve radiographic prac-
tices.>#15 Dentists and dental
auxiliaries should participate in
continuing education in the
many aspects of diagnostic radi-
ology and technology. ADA.org
provides access to a continuing
education course listing (com-
piled twice a year) to assist den-
tal professionals seeking infor-
mation on continuing education
programs. =

Address reprint requests to the ADA
Council on Scientific Affairs, 211 E. Chicago
Ave., Chicago, Ill. 60611.

The Council on Scientific Affairs extends its
sincere thanks to Drs. Sharon Brooks, Robert
Goepp, Steve Matteson and Thomas Schiff for
sharing their time and expertise in preparing
this report.

1. Council on Dental Materials, Instru-
ments and Equipment. Recommendations in
radiographic practices: an update, 1988.
JADA 1989;118:115-7.

2. National Council on Radiation Protection
and Measurements. The application of
ALARA for occupational exposures. Bethesda,

Md.: National Council on Radiation
Protection and Measurements; June 8, 1999.
NCRP statement 8.

3. National Council on Radiation Protection
and Measurements. Limitation of exposure to
ionizing radiation. Bethesda, Md.: National
Council on Radiation Protection and
Measurements; 1993. NCRP report 116.

4. National Council on Radiation Protection
and Measurements. Operational radiation
safety program. Bethesda, Md.: National
Council on Radiation Protection and
Measurements; 1998. NCRP report 127.

5. Lireka JP. The selection of patients for
X-ray examinations: dental radiographic ex-
aminations. Rockville, Md.: U.S. Food and
Drug Administration; 1987. DHHS publica-
tion 88-8273.

6. Flack VF, Atchison KA, Hewlett ER,
White SC. Relationships between clinician
variability and radiographic guidelines.

J Dent Res 1996;75:775-82.

7. Atchison KA, White SC, Flack VF,
Hewlett ER, Kinder SA. Efficacy of the FDA
selection criteria for radiographic assessment
of the periodontium. J Dent Res 1995;74:
1424-32.

8. Atchison KA, White SC, Flack VF,
Hewlett ER. Assessing the FDA guidelines for
ordering dental radiographs. JADA 1995;
126:1372-83.

9. White SC, Atchison KA, Hewlett ER,
Flack VF. Efficacy of FDA guidelines for pre-
scribing radiographs to detect dental and
intraosseous conditions. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1995;80:
108-14.

10. Matteson SR, Joseph LP, Bottomley W,
et al. The report of the panel to develop radio-
graphic selection criteria for dental patients.
Gen Dent 1991;39:264-70.

11. National Research Council. The effects
on populations of exposure to low levels of
ionizing radiation: 1980. Washington, D.C.:
National Academy Press; 1980.

12. Gibbs SJ. ADA Council on Dental
Materials, Instruments, and Equipment.
Biological effects of radiation from dental
radiographs. JADA 1982;105:275-81.

13. Lundeen RC, Gratt BM, Katz JO, et al.
Provision of radiographic services: a self-
assessment exercise for dental team mem-
bers. Gen Dent 1993;41(2):144-7.

14. National Council on Radiation
Protection and Measurements. Dental X-ray
protection. Washington, D.C.: National
Council on Radiation Protection and
Measurements; 1970. NCRP report 35.

15. ADA Council on Dental Materials,
Instruments and Equipment. Recommen-
dations for radiographic darkrooms and dark-
room practices. JADA 1982;104:886-7.

16. American Academy of Oral and
Maxillofacial Radiology. American Academy
of Oral and Maxillofacial Radiology infection
control guidelines for dental radiographic pro-
cedures. Oral Surg Oral Med Oral Pathol
1992;73:248-9.

17. American Academy of Dental Radiology
Quality Assurance Committee. Recommen-
dations for quality assurance in dental radi-
ography. Oral Surg Oral Med Oral Pathol
1983;55(4):421-6.

Copyright ©1998-2001 American Dental Association. All rights reserved.



