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This far but no farther: elimination of protective
radiation shielding for dental patients

Earlier this year, an article written by Mary Chris
Jaklevic of Kaiser Health News brought to public atten-
tion the fact that hospital radiology departments are
beginning to abandon the use of external shielding of
the reproductive organs and fetal areas in patients dur-
ing radiographic procedures.’ This change in the long-
standing practice of protecting these tissues and organs
is being advocated by the American Association of
Physicists in Medicine (AAPM) and has been officially
endorsed by the American College of Radiology
(ACR). Similar moves are being considered in Aus-
tralia and Canada, according to the article, and efforts
are underway in the United Kingdom to eliminate the
use of patient shielding.

Interviews with medical physicists and radiologists in
the United States revealed support for the change in pol-
icy, but some physicians harbor doubts. Among their
concerns is the psychological effect that such a change
might have not only among patients, who have come to
expect the use of protective aprons, but also among
health care professionals in radiology. A medical physi-
cist was quoted as saying, “How do you approach some-
thing that is so deeply ingrained in the minds of the
health care community and the minds of patients?””’

In its position statement of April 2019, the AAPM
cited scientific reasons for eliminating the gonadal and
fetal lead shield, the main reason being the current
understanding that risks to the reproductive organs and
to the fetus from exposure to diagnostic x-radiation are
“minimal to nonexistent.”” The International Commis-
sion on Radiologic Protection (ICRP) Publication No.
103 stated that no research involving human patients
has provided direct evidence that diagnostic exposure
is associated with an excess of heritable diseases in off-
spring.” With regard to birth defects in fetuses, the
Guidelines of the American College of Obstetricians
and Gynecologists state that radiation exposure for
diagnostic purposes, even in the form of nuclear imag-
ing techniques, almost always involves a “dose much
lower than the exposure associated with fetal harm,”4 a
position endorsed by the ACR. The AAPM position
statement also mentions that lead shields placed over
body parts do nothing to prevent scatter radiation that
occurs inside the body during radiographic exposures.

What about dental radiology? The article by Mary
Chris Jaklevic states, “The movement also has yet to
gain much traction among dentists, whose offices per-
form more than half of all X-rays. .. Public confusion
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might develop if dentists continue to shield while hos-
pitals don’t ... It’s high time we bring them into the
discussion.” Well, let us begin the discussion now.

For decades, dentists were educated about the use of
leaded rubber aprons that covered the thorax and repro-
ductive organs during radiographic procedures. This
made sense in the days when the primary x-ray beam
lacked added filtration and was not collimated and the
use of slow-speed film required very long exposure
times. It was also based on the assumption that the
major risk from radiation exposure was mutations in
the gametes, leading to heritable diseases, as summa-
rized by the National Council on Radiation Protection
and Measurements (NCRP) in its most recent report on
radiation protection in oral and maxillofacial imaging.’
In contrast, dentists today use x-ray generators with
added filtration and have the options of delivering a
tightly collimated beam during intraoral radiography,
with approximately 90% reduction in exposure time as
a result of more sensitive image receptors. The NCRP
report states that the dose to a fetus from a full-mouth
intraoral radiographic series is between 4 and 6 orders
of magnitude smaller than natural background radia-
tion exposure over the 9 months of gestation.® Simi-
larly, the absorbed dose in the gonads from full-mouth
intraoral or panoramic radiography has been estimated
at 5 uGy or lower, and most of this dose results from
scatter radiation within the patient’s body, which can-
not be eliminated with external shielding.” The ICRP
report of 2007 downgraded the nominal risk for herita-
ble effects by 6- to 8-fold compared with their previous
publication in 1990.”

Even the larger radiation doses and greater area of
exposure with cone beam computed tomography
(CBCT) deliver virtually no radiation to the gonads
(approximately 1 uGy), with or without shielding.’
The European Union guidelines for radiation protec-
tion in dentistry state, “There is no evidence for the
routine use of abdominal shielding (“lead aprons”)
during dental CBCT examinations, in line with rec-
ommendations for conventional dental radio-
graphy.”” The issue of stochastic effects (cancer) in
the gonadal region cannot be completely discounted
if the linear nonthreshold model of risk assessment is
accepted.” However, if medical radiation exposures
over large portions of the body, often near the gonads
and the fetal area, are now believed by medical phys-
icists, radiologists, and obstetricians not to increase
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the risk of biologic harm, there is no reason to expect
dental radiographic exposure to do it.

In its latest report, the NCRP confirmed the position
it took in 2003° by qualifying the discontinuation of
the use of leaded aprons during intraoral and panoramic
radiographic examinations provided, that other dose-
reduction steps outlined in the report are taken.” These
include the use of rectangular beam-limiting devices of
not less than 40 cm source-image receptor distance and
E- or F-speed intraoral film or digital imaging sensors
for intraoral radiography, the fastest film-screen combi-
nations or digital systems for extraoral projections, and
the application of selection criteria when ordering all
radiographs. The American Dental Association (ADA),
in its most recent official publication on radiology,
takes the same position and, in fact, cites this reference
as evidence.'” It could be argued that use of an apron is
justified if any of these conditions are not met, and this
is undoubtedly the situation in almost all dental practi-
ces outside of dental schools. However, the European
Commission goes further, stating that there is no evi-
dence to justify the routine use of chest aprons for den-
tal radiography, with no qualification."’

The dental community should be in full agreement
with the move among medical radiologists to abandon
shielding of these regions. But what body parts should
be protected? The NCRP states that shielding of the
thyroid gland with a protective collar is necessary to
meet acceptable standards of protection for all patients
in procedures where the collar will not interfere with
the primary beam or obscure anatomic structures criti-
cal to the examination’; the ADA makes the same rec-
ommendation.'” This is a change from the previous
2003 NCRP report, which indicated that thyroid collars
were necessary only for children but were to be pru-
dently used for adults, subject to exceptions.” The new
position is supported by the European Commission''
and the American Thyroid Association, which believes
that although there is no unequivocal evidence con-
necting dental radiography to increased risk of thyroid
cancer, the inherent sensitivity of the gland to radiation
effects warrants caution.'” This is especially true for
children, whose glands are 2 to 10 times more suscepti-
ble to radiation-induced cancer because of the rapid
proliferation of the less differentiated cells, the closer
proximity of the thyroid gland to the x-ray beam than
in adults, and the longer life expectancy of the patients;
as the NCRP puts it, “Children are not small adults.””
It is, however, important to note that the advantages of
rectangular beam limitation in reducing radiation expo-
sure to the thyroid gland can equal those that come
with the placement of leaded rubber collars.”'"' 1%
Ideally, both will be used.

Thyroid collars are clearly indicated for intraoral
projections,'™'* for which radiation exposure to the
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thyroid gland is significantly reduced, especially for
exposures in the anterior parts of the jaws."” It might
seem difficult to place a thyroid collar in a position
where it would not interfere with the beam in pan-
oramic radiography, and the European Commission
calls thyroid collars “inappropriate” for this tech-
nique.'' But it can be done, most successfully in
patients with long necks and small shoulders. In addi-
tion, collars of different sizes and compositions are
available on the market. A smaller collar might be use-
ful in panoramic exposures by covering the gland with-
out blocking the x-ray beam.'’ Although internal
scatter is as always a problem that cannot be eliminated
by shielding,'” research indicates that thyroid collars
can significantly reduce the absorbed dose to the thy-
roid gland and total effective doses in some panoramic
devices.'”'® Similarly, cephalometric radiographs can
be acquired in the presence of a thyroid collar.
Although the lower cervical vertebrae will be obscured,
the information for orthodontic diagnosis and treatment
can be sufficient, except for measurement of skeletal
maturity index.'’

Of all radiographic modalities widely available to
dentists, CBCT involves the greatest radiation doses.
Exposure of the thyroid gland contributes substantially
to calculations of the effective dose involved in CBCT,
but it is not known how much of this results from inter-
nal scatter.” Use of the thyroid shield can reduce the
effective dose to the gland by 40% to 50% if the collar
is snugly fitted to the neck.'® The thyroid shield may
interfere with the cone beam path, especially in large
field-of-view (FOV) scans; therefore, the European
Commission recommends that the decision to use a col-
lar be made on a case-by-case basis.” Research indi-
cates a substantial reduction in effective dose to the
gland occurs with a decreased FOV."” The thyroid
gland, therefore, should still be shielded with collars
and/or small FOV for patients of all ages.

The use of leaded eyeglasses during radiographic
exposure has received some attention in recent years as
a result of controversy regarding the radiation dose
effect in the formation of cataracts. These opacifica-
tions of the eye lens have long been classified as a
deterministic radiation effect requiring a threshold
dose much larger than typically encountered in oral
and maxillofacial imaging. However, in 2012, the
ICRP lowered the threshold dose from 500 mSv to
20 mSv per year, averaged over a 5-year period.”’ Evi-
dence indicates that leaded eyeglasses have the ability
to reduce absorbed doses to the eye,”'**” but doses to
the unshielded eye from panoramic exposures range
from 4 to 10 uGy.23 Even with CBCT, doses to the
lens in one investigation were found to be much
lower than the new smaller threshold of 20 mSv
(see article published in this issue).24 Radiation-
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protective eyewear may warrant further investigation,
but, for now, it appears to be a solution without a
problem.

Nothing in this writing should suggest that protective

aprons cannot be used for the psychological well-being
of the patient.””'* Some states mandate the use of
patient shielding of various anatomic regions, so den-
tists should consult the regulations in their respective
jurisdictions to ensure compliance with policy. Barring
these situations, dentists can join their medical col-
leagues and part company with the apron. Protection of
the thyroid gland, however, is necessary. A biblical
quotation from the Book of Job might summarize our
approach to the elimination of patient shielding: “This
far but no farther.”

James R. Geist, DDS, MS*
University of Detroit Mercy School of Dentistry,
Detroit, Michigan UNITED STATES

https://doi.org/10.1016/j.0000.2020.05.016

REFERENCES

1.

Some hospitals say using lead aprons for X-rays does more harm
than good. Lurie will stop using the shields this spring. Available
at:  https://www.chicagotribune.com/business/ct-biz-protective-
lead-apron-x-rays-20200117-e4ep7nzxhzcSxf3r4lfag2nhSq-
story.html. Accessed May 14, 2020.

. AAPM position statement on the use of patient gonadal and fetal

shielding. Available at: https:/www.aapm.org/org/policies/details.
asp?id=468&type=PP&current=true. Accessed May 14, 2020.

. International Commission on Radiological Protection (ICRP).

The 2007 Recommendations of the International Commission on
Radiological Protection. ICRP Publication 103. Ann ICRP.
2007;37:53-55.

. Committee Opinion No.723. Guidelines for diagnostic imaging dur-

ing pregnancy and lactation. Obstet Gynecol. 2017;130:933-934.

. National Council on Radiation Protection and Measurements

(NCRP). Radiation Protection in Dentistry and Oral and Maxil-
lofacial Imaging. NCRP Report No. 177. Bethesda, MD: NCRP;
2019:43-52.

. National Council on Radiation Protection and Measurements

(NCRP). Radiation Protection in Dentistry and Oral and Maxil-
lofacial Imaging. NCRP Report No. 177. Bethesda, MD: NCRP;
2019:15.

. Schulze RKW, Sazgar M, Karle H, de Las Heras Gala H. Influ-

ence of a commercial lead apron on patient skin dose delivered
during oral and maxillofacial examinations under cone beam com-
puted tomography (CBCT). Health Phys. 2017;113:129-134.

. European Commission. Cone Beam CT for Dental and Maxillo-

facial Radiology. Radiation Protection No.172. Luxembourg:
European Commission Publications Office; 2012:94.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Geist 349

. National Council on Radiation Protection and Measurements

(NCRP). Radiation Protection in Dentistry. NCRP Report No.
145. Bethesda, MD: NCRP; 2003:26-27.

. American Dental Association (ADA) Council on Scientific

Affairs. Dental Radiographic Examinations: Recommendations
for Patient Selection and Limiting Radiation Exposure. Chicago,
IL: ADA;2012:16.

European Commission. European Guidelines on Radiation Protec-
tion in Dental Radiology. Radiation Protection No. 136. Luxem-
bourg: European Commission Publications Office; 2004:49-50.
American Thyroid Association. Policy Statement on Thyroid
Shielding During Diagnostic Medical and Dental Radiology.
Falls Church, VA: American Thyroid Association; 2013:10.
Hoogeveen RC, Hazenoot B, Sanderink GCH, Berkhout WER.
The value of thyroid shielding in intraoral radiography. Dento-
maxillofac Radiol. 2016;45:20150407.

Crane GD, Abbott PV. Radiation shielding in dentistry: an
update. Austral Dent J. 2016;61:277-281.

Hafezi L, Arianezhad SM, Hosseini Pooya SM. Evaluation of the
radiation dose in the thyroid gland using different protective collars
in panoramic imaging. Dentomaxillofac Radiol. 2018;47:20170428.
Han GS, Cheng JG, Li G, Ma XC. Shielding effect of thyroid
collar for digital panoramic radiography. Dentomaxillofac
Radiol. 2013;42:20130265.

Sansare KP, Khanna V, Karjodkar F. Utility of thyroid collars in
cephalometric radiography. Dentomaxillofac Radiol. 2011;40:
471-475.

Qu XM, Li G, Sanderink GCH, Zhang Zy, Ma XC. Dose reduc-
tion of cone beam CT scanning for the entire oral and maxillofa-
cial regions with thyroid collars. Dentomaxillofac Radiol.
2012;41:373-378.

Ludlow JB, Timothy R, Walker C, et al. Effective dose of dental
CBCT—a meta analysis of published data and additional data
for 9 CBCT units. Dentomaxillofac Radiol. 2015;44:20140197.
Stewart FA, Akleyev AV, Hauer-Jensen M, et al. ICRP Publica-
tion No. 118: ICRP statement on tissue reactions and early and
late effects of radiation in normal tissues and organs—threshold
doses for tissue reactions in a radiation protection context. Ann
ICRP. 2012;41:1-322.

Goren AD, Prins RD, Dauer LT, et al. Effect of leaded glasses
and thyroid shielding on cone beam CT radiation dose in an adult
female phantom. Dentomaxillofac Radiol. 2013;42:20120260.
Prins RD, Dauer LT, Colosi DC, et al. Significant reduction in
dental cone beam computed tomography (CBCT) eye dose
through the use of leaded glasses. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2011;112:502-507.

Granlund C, Thilander-Klang A, Ylhan B, Lofthag-Hansen S,
Ekestubbe A. Absorbed organ and effective doses from digital
intra-oral and panoramic radiography applying the ICRP 103
recommendations for effective dose estimations. Br J Radiol.
2016;89:20151052.

Mutalik S, Tadinada A, Molina MR, Sinisterra A, Lurie AG.
Effective doses of dental cone beam CT: effect of 360-degree
versus 180-degree rotation angles. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2020;130:433-446.

Corresponding author.
geistjr@udmercy.edu, jrgeist2@att.net


https://doi.org/10.1016/j.oooo.2020.05.016
https://www.chicagotribune.com/business/ct-biz-protective-lead-apron-x-rays-20200117-e4ep7nzxhzc5xf3r4lfaq2nh5q-story.html
https://www.chicagotribune.com/business/ct-biz-protective-lead-apron-x-rays-20200117-e4ep7nzxhzc5xf3r4lfaq2nh5q-story.html
https://www.chicagotribune.com/business/ct-biz-protective-lead-apron-x-rays-20200117-e4ep7nzxhzc5xf3r4lfaq2nh5q-story.html
https://www.aapm.org/org/policies/details.asp?id=468&type=PP&current=true
https://www.aapm.org/org/policies/details.asp?id=468&type=PP&current=true
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0001
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0001
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0001
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0001
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0002
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0002
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0003
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0003
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0003
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0003
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0004
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0004
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0004
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0004
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0005
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0005
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0005
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0006
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0006
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0006
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0007
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0007
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0008
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0008
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0008
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0009
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0009
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0009
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0010
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0010
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0010
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0011
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0011
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0011
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0011
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0012
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0012
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0012
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0013
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0014
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0014
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0014
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0015
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0015
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0015
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0015
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0016
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0016
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0016
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0016
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0016
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0017
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0017
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0017
http://refhub.elsevier.com/S2212-4403(20)31023-3/sbref0017
mailto:geistjr@udmercy.edu, jrgeist2@att.net

	This far but no farther: elimination of protective radiation shielding for dental patients
	References


