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CSSB 160(L&C) transfers regulation of x-ray equipment in a dentist office from the Division of Public Health,
Dept-'TAiont of Health and Soci?.! Services to the Board of Dental Examiners in the Division of Occupational

Liccr’si><t:, Department of Commc; <eand economic Development. The board currently regulates level of entry
into the i'rofesshin s.nd the practice of dentistry. By assuming responsibilities in the bill, new costs will be
incunuK* ihrweh establishing necessary regulations, registering equipment and requiring periodic inspection of
radiriojr.v.".S :iquip;«<';nt. An explanation of the costs ara explained on the attached page.
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STATE OF ALASKA BILL NO.:CSSB 160(L&Q
1998 LEGISLATIVE SESSION

ANALYSIS: (Continued)

DEPARTMENT OF COMMERCE AND ECONOMIC DEVELOPMENT
FISCAL NOTE CALCULATIONS

Personal Services

Occupational Licensing Examiner | position, Range 12, PPT, GGU 20.3

This half-time position will be responsible to monitor and maintain inspection records of

dental x-ray equipment and collect applicable fees. Additionally, this position will assist

the board in preparing regulations regarding dental radiological equipment It is anticipated

that a half-time position will only be necessary for the first two years. By the third year and

thereafter, only a quarter time of the position is anticipated to be necessary in providing

support to these tasks.

Contractual Services 3.0

The contractual services will fund expenses associated with adoption of new regulations

concerning x-ray equipment in dental offices, including public notices, postage, printing

of the regulations and registration forms, and regulation hearings via teleconferencing.

This expense is reduced after the first two-years assuming the regulations will be in place.

Supplies

Funding provides daily desk top and other operating supplies. 1.0
TOTAL: S24.3
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Chairman and Members of the Committee 7=K~Lat<

My name is Kate Coleman. | am one oftwo radiological health specialists
employed by Alaska's Department of Health and Social Services.

All over the country, it is public health week. In Alaska, we are concerned
that we are diminishing the capacity of public health by diluting the
regulation of dental x-ray. On the international radiation protection scene,
the International Council of Radiation Protection would like to lower the
exposure to occupationally exposed radiation workers. The bill before us
will remove from occupationally exposed dental workers government
regulation aimed at keeping their radiation exposures to as low as reasonably

achievable.

Questions have been raised about the health effects and risk related to dental
x-ray exposure. It is difficult to quantify. But ask any member of the public
or this audience whether they are concerned about x-ray and they will
probably answer in the affirmative.

There is an indication of risk in the technical paper of Dr. Stuart Smith of the
UCLA School of Dentistry. "While the risk from dental radiography is
certainly small in terms of other risks we readily assume during our daily
lives such as driving, smoking, eating fatty food, there is no basis to assume
it is zero. . . .prudence suggests we should be cautious because ofthe large
numbers of people exposed to dental radiography.. . Recent studies suggest
the lifetime cancer risk from exposure to low levels of ionizing radiation
may be greater than previously estimated .. ..The International Commission
for Radiation Protection data show that the estimated risk has increased four-
fold, ... Cancers other than leukemia typically start to appear about 10 years
following exposure and remain in excess for the lifetime of the exposed
individuals." Citing specific cancers, Dr. White notes "an association with
leukemia, the risk to children being greater. Thyroid cancers increases in
humans following exposure to ionizing radiation. About 10% of individuals
with such cancers die from their disease. A case-control study has shown an
association between brain cancer and previous medical or dental
radiography. Several studies have shown an association betv/een tumors of
the salivary glands and dental radiography.” As long as there is a risk it
needs to be monitored. DHSS has responsibility for protecting the public

health.



Specific comments on this bill include:

The Dental Bd will establish standards and there is no role for the
Department, there is an absence of checks and balances. The bill presents a

conflict of interest.

The credentials for inspectors are lax. For instance, are they qualified to
operate radiation measuring equipment, to calculate skin dose, to evaluate
film quality, perform shielding calculations and scatter radiation
measurements. A certification program for the inspectors administered by
the state should be in place to keep the standards high.

Who will design the inspection procedures?
Will the Board be taking on responsibilities for physics and engineering?

What role will the Bd have in regulating radionuclides included in Section
08.36.075 (g)?

The proposed bill does not include radiation protection, film processing, nor
X-ray operator competence. Yet, the majority of problems in dental
radiography are a result of film processing and operator error. Frequently, in
an attempt to improve film quality, an inexperienced operator will increase
the radiation exposure rather than use appropriate film processing.

This bill creates duplicate functions between two state agencies. The type of
organization proposed by this bill is unusual by any state's standards since
the professional board is so distant from the technical aspects of radiation
protection. Alaska, like many other states, lacks a sufficiently trained supply
of personnel to meet the public health needs of the State. It is wasteful to
establish parallel lines of expertise in two separate departments.

AS 18.60.475(a)(7) authorizes DHSS to "contract with other State agencies
to assist them in performing functions that require expertise in determining
and reducing the hazards of radiation.” This far-sighted authorization is
cognizant of the unique qualifications necessary to understand and
satisfactorily implement a responsible radiation control program. It is
clearly designed to assure that this relatively rare expertise is shared with
other parts of the government. It seems wasteful to depart from that
philosophy and establish duplicative expertise in another department.



There are finite resources available state-wide to support this function in
Alaska. Passage of this bill would serve to provide less protection for
Alaskan citizens. Already thin resources will be spread less effectively.
There is no benefit to Alaskan citizens in implementing this bill.
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Recent studies suggest that the lifetime cancer risks from exposure to low levels of ionizing

radiation may be greater than previously estimated. This review firstsum m arizes the findings
of these studies as they pertain to dental radiology, then uses their concepts in combination
with dosimetry from the dental literature to estim ate tjie radiation risk from dental radiology.

Estimation of risk from groups of exposed individuals requires use of mathem atical models

that fit the epidemiological data. The ICRP estimates that a single briefwhole-body exposure
of 1Gyto 10000 people results In about 500 additional cancer deaths over the lifetime of the
exposed individuals, assuming a dose rate effectiveness factor of 2 for cancers other than
leukaemia. Leukaemias 3re seen as a wave from 5 toj3p years following exposure. Cancers
otherthan leukaemia typically start to appearaboutlIOyears following exposure and remain in
excess foras long as mostexposed populations are followed, presumably for the lifetime of the
exposed individuals. The gonadal dose Isso small frofn dental radiography that (be risk of
heritable defects is negligible in comparison with the somatic risk. The dental literature
contains several studies reporting sufficient dosimetric data for radiosensitive sites in the head
and neck to allow estim ation of the risk of fatal cancers from intra-oral and panoramic
radiography. The highest estim ated risks (using the ICRP data) are for leukaemia (bone
marrow ), thyroid and bone surface cancer. The total risk isestimated to be 2.5 fatal
malignancies per JOs full-m quth examinations made with D-speed film and round collimation.
The effective dose from a full-mouth examination ma.de under the same conditions is

estim ated to be 84/zSv, equivalent to 1 week of background exposure. Use of E-speed film

and rectangular collimatfon will substantially reduce the total risk.

Keywords: Radiation,' radiation dosage; risk; radiography, dental
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radiation carcinogenesis or the genetic effects resulting
from radiation exposure. By far the largest group of
individuals studied arc the Japanese A-bomb survivors
(Tabic 1); Multiple studies have followed approxi-
mately 76000 individuals since 1950 and an estim ated
59136 cases of cancer of all types have been observed in
this cohort, the large majority attributed to causes
other than exposure to radiation. Only 341 cancers
are considered to be radiation-induced excess deaths

O therstudies have followed over 14 000 British patients
who received spinal Irradiation fof ankylosing spondy-
litis from 1935 to 1954. These studies excluded colon

cancer from risk estimates in this group of patients
ankylosing

.Recent studies (1988-90) suggest that the lifetime
cancer risks from exposure to low levels of ionizing
radiation may be greater than previously estimated.
Three agencies have comprehensively reviewed this
subject and each has described, an elevated risk
compared with previous estim ates. These agencies are
the International Commission on Radiological Protec-
tion (ICRP)1 the United Nations Scientific Com m ittee
on the Effects of Atomic Radiation (UNSCEAR)2and
the Com mittee on the Biological Effects of lonizing
Radiations (BEIR) of the US National Research
Council3. This review will first summarize the findings

as they pertain to dental radiology and then use their
from the dental because of a suspected association with

spondylitis. Several studies of patients receiving
multiple fluoroscopic examinations between 1930 >and

concepts together with dosimetry
literature to estimate the radiation risk from dental

radiology.
1956 during treatment for tuberculosis as well as*of

Biological effects women treated with radiation for postpartum m astitis

during the 1940s and 1950s have helped rjuantify the
risk of breast cancer. Other studies have investigated
the consequences of irradiation of the thryold gland In
two groups of children. A total of 10834 children
(ages 0-15 years) in Israel received X-radintion to the
scalp to aid In treatment for Tinea capitis (ringworm).
Also, In Rochester, New Y ork, 2652 Infants received

The UNSCEAR 19882, BEIR V3 and ICRP- 1990'
reports rely largely on data from populations of
exposed humans followed for many years. They also
examine the results ofanimal studies, particularly when
such studies might help to provide a conceptual
understanding of biological mechanisms Involved In

118 Dcotomaxillofac. Radiol., 1992, Vol. 21, August
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Tabta 1 Major data jets used for risk estimation*

Study population

Atomic bomb survivors * Mortality
e Incidence
Ankylosing spondylitis patients Mortality *
)

Canadian fluoroscopy patients M ortality
M assachusetts fluoroscopy patients Mortality
NY mastitis Incidence
Israel tinea capitis patients Incidence

Incidence

Rochester thymus-InedIBied patients

spcr bUHares(Rwe

UcLA ORAL RAﬁlU:MlHOGY

Incidence or mortality

PAGE

ViNtItl ttill.c

Cancer sites Total casts’ Person-years
All 5936 2185335
Biewt 376 940000
Leukaemia 36 104000
All other 563 104000
Breast 482 * 867541
Breast 74 30932
Breast 115 45000
Thyroid 55 712000

¢ Thyroid 28 138000

*7Wll tha (Olll mmttcroltm t ol urttt utn la <W popwlitle®. ntUfi’ O/ fc« of then UV Sillnrw to frenOltt»f-t»Ciiutncm cmetn.

radiation treatments to reduce the size of their thymus
gland. M any other studies on smallergroups of patients
have also provided useful inform ation about these and
other organs. Most of the individuals in the studies
mentioned abovo received exposure well the
diagnostic range. Thus, it isnecessary to estimate the
probability that cancer will result from a small dose by
observed following

above

extrapolation from cancer rates
exposure to larger doses.

Table Il compares several risks estimated from these
last 13 years. The ICRP datalshow
risk has Increased four-fold, from

fatal malignancies per million
IOmSv to 500. Comparison of the

as well as the

studies over the
that the estimated
125 lifetime excess
persons exposed to
BEIR I1IP and BEIR V3 estimates
UNSCEAR 1977s and 1988* estim ates, however, must
include consideration of the exposure dose rate in the
low-dose range. The current ICRP 19901, UNSCEAR
3988 ~nd BEIR V3 recognize that the
biological effects of low dose, low dose-rate exposures
ofiow LET radiation show a clear dose-rate effect. The
magnitude of biological effectsunder such conditions is
between 2 and 10 times less than with high dose-rate
exposures. In the older UNSCEAR®, ICRP 267 and
BEIR Ill3reports a linear-quadratic model was used to
estim ate the risks of leukaemia and all other cancers.

reports all

Table Il Estimated cancer risk by study for low-dose exposure

Lifetime
excess fatal
Year malignancies DREF'
10~* 10mSv’
ICRP Publication 26 1977 125 Included
UNSCEAR 1977 75-175 Included
B E IR ttl 1980 Included
Absolute risk model 77
Relative risk model 226
UNSCEAR 1988 2-10 recommended
Absolute risk model 400-500*
Relative risk model 700-1100*
BEIR V 1990  790* 2 recommended
ICRP Publication 60 1990 500 Included

"DHEF (I e/ #«ior, pfclortob<VKi tHeffects

reivitfof ftem t*pcii/T* to i low <Joie <n ti » lar* doic r»if.
"Tht nt« (0i OfKrrs trthrr P IcvKstmU, ipprwfmtltly 13% of thi c«pe«r| trptciid
fo)P~HpE M&S and fitch <hit fits <»poiw<. should to r(duc«d 67 $fsctor of 7-10h
Ofdcr to compare witN UNSCEAR 1tH.

rate for c*n<«rf ctbff than \WwfrMOvi, tpproafnuhlj 13% of If>t <in<«n
followIni ht|S <hit snd hijh dC* rati; o ptivit. ihouM 1 drcdbttd by i fKior of 2 In owd<r
lo compare wfth BEIR III,

implicit dose-rate effect. In

linear-

Such d model contains an

the UNSCEAR 1988 and BEIR V reports a

Agquadratic model was used only for leukaemia. These

reports prefer a linear model for all other cancers but
did notapply a dose-rate effectiveness factor (D REF).
This places the responsibility for including a D REF on
Under low dose and low dose-rate
would be
effect of
esti-

the userofthe data.
a DREF, typically of about 2,
used. This change in modelling has the
removing the influence of dose-rate effects for
mates of the rates of all cancers other than leukaem ia.
1 he ICRP 1990 report used a DREF of 2 in its risk
estim ates. comparing the rates of excess fatal
malignancies, note that some estimates include a
DREF while others do not.

The of the DREF
indications application are
between agencies. The ICRP recommends a DREF of
2 when the dose is less than 0.2Gy, certainly the case
for diagnostic radiology. The UNSCEAR 1988 report
suggests that D REF factors of 2-10 can be Justified.
This reportdefines low doses and low dose rates as less
than 0.2 Gy and less than O.0OSmGy min respectively.
W ith this definition, diagnostic exam inations are frac-
tionated medium dose-rate The BEIR V
report suggestsa DREF of2 and discusses the use ofa
DREF forcontinuous exposures. This review assumes
a DREF for dental exposures of 2 a$ recommended by
the ICRP.

There arc primarily two sources of new
that contribute to the conclusion in the current ICRP,
UNSCEAR and BEIR reports the from
exposure is greater than previously believed. First, the
more recent studies of cancer had access to approxi-
follow-up data for the
1945 as

conditions,

In

recommended
consistent

magnitude and

for its not

exposures.

information

that risk

mately 10 years of additional
survivors of the atomic bombings
well as the other groups of exposed individuals. These
populations continue to demonstrate elevated numbers
of solid tumours. Cancer epidemiologists now believe
that such excess tumours will continue lobe found for
the rest of the Jifo of these exposed individuals.

Estimation of risk from groups of exposed
viduals requires use of mathem atical models that fitthe
epidemiological data. One model, the absolute risk
model, supposes that exposure to radiation results in a
constant number of excess number of cancers per unit
exposure for each organ. A competing concept, the
relative risk model, postulates that the number of
excess tumours isa multiple of the spontaneous rate for

in Japan in

indi-

Dentomaxillofne, Radiol.. 1992. Vol. 21. Aueusr 119
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each organ. The BEIR V and ICRP 1990 reports
generally reject the absolute risk model considered in
UNSCEAR 1988 and BEIR 111in favoiroflhe relative
risk model. ThE conclusion that the relative risk model
is more appropriate follows from the observation that
the number ofexcess cancers per unit dose increases In*
proportion with the number of spontaneous cancers as
. the population at risk is ageing. Thus, the number of
excess cancers induced by radiation Is considered to be
a multiple of the spontaneous rate rather than indepen-
dent of it. Adoption of the relative risk model accounts
for part oT Ihe Increased risk In the BEIR V and ICRP
1990 reports. This model may also overestimate it, as
Individuals may not be at risk over their whole lifespa-i.
A second cause for the increased risk estimatesis the
result of reassessment of the A-bomb dosimetry, called
the New Dosimetry System, or DS86. The tentative
1965 dose estimates (T65) indicated that the blast at
Hiroshima contained a significant neutron component.
Because of the high relative biological effectiveness of
neutrons, radlobloiogists believed that the neutron
exposure contributed significantly to the short- and
long-term morbidity and mortality. The DS86 showed
that the neutron contribution was about ten times
smaller than previously calculated. Thus, the adverse
effects seen in Hiroshima are more attributable to the
gamma ray expc/sure than previously believed. At
Nagasaki, where scientists had thought that gamma
radiation was the primary source of radiation exposure,
it is now clear that it was little more than half the
previous estimate. This re-analysis of the dosimetry
from both cities suggests that the DS86 doses are about
half the 1965 estimate and, thus, the effectiveness of
gamma ray exposure is about twice the previous
estimate.

Somatic effects

Somatic effects are those seen in the irradiated indi-
vidual. The most important of these for individuals
exposed in the low dose range is radiation-induced
carcinogenesis. The estimated number of deaths attri-
butable lo low-Jevel radiation exposure is a small
fraction of the total number that occur spontaneously.
The BEIR V committee estimates that a single, brief
wholc-body exposure of 0.1 Gy to 100000 people
results in about 443 additional cancer deaths over the
lifetime of the exposed individuals, assuming a DREF
of 2 for cancers other than leukaemia*. This is in
addition to the 20000 that would occur spontaneously.
The BEIR V estimate compares well with the ICRP
1990 estimate of 500 lifetime fatal cancers per 10000
exposed persons per Sv. Table Il prcsen” .ie ICRP
estimated distribution of such radia,.on-induced
cancers. Cancers other than leukaemia typically start
to appear about 10 years following exposure and
remain in excess for as long as most exposed popula-
tions are followed, presumably for the lifetime of the
exposed individuals. The risk from exposure during

"This U calculated from tiblc 4-2 of BEIR V aj follows: The rale of
exceo leukaemia per 10000 malts exposed to ISv Is 110 and lhe
female rale 1s 80; Ihe average Is95. The non-ltukacmla rale for males
Is 660 and for females Is 730; the average Is 695. Applying a DREF of
2 the non-leukaemia rale becomes 347.5. Thus, the total of the
leukaemia and non-leukaemla rales is 447.5.

120 Denlomaxillofac. Radio)., 1992, Vol. 23, August
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Tibl« IIf Ufcilmo mortality {n « population of nil ages from specific
fatal cancer after eapojutc to low dojej"

1

1 Fatalprobability coejpcten/ JO"Sy"}
1

ICRP (1977) ICRP (1990)

Bladder — 30

Bone nmrow 20 . SO

Bone surface 5 5

Breast 25 20

Colon 85

Liver — 15

litng _ 20 85
Oesophagus _ 30

Ovary — 10

Skin _ 2
Stomach — 110
Thyroid S 8
Remainder’ 50 50

Total 125%,, 500’

B-ifftum ICRP ItW'.
Tat tyipwiKon of liw MpitinUrr I» ~uilr il Ttrtnt In 1S< on. CinicntI% ﬁhe
rtiyalnarr ti'cvmporid of (he fctlowin] «ddirio*ut risiun *r4 urjtni: mjrtnxb. bnin,
taraalnlatlur. imiU frliitirse. fcieflry. raoicSo, panmr,. Spleen. thjmu, and VUns,
Tail lots! m u<d for toih «nd ihe itntnl public
-Tali dsri penin, to theirntral public. The (out fsul ctoeer nil; (cfi hotUnj population
UfI:Ien wbedOQXxItrs*-",

childhood Is about twice as large as for adults. When
elderly individuals are exposed, the number of
expected excess cancer deaths declines because these
individuals may not live long enough for the cancer to
develop.

jThe following brief discussion of the somatic effects
ofj exposure to radiation will pertain largely to those
organs exposed during dental radiography.

Le.lukaem ia

The incidence of leukaemia (other than chronic lym-
pHocytic leukaemia) rises following X-ray exposure to
the red bone marrow. Atomic bomb survivors and
patients irradiated for ankylosing spondylitis show a
wave of leukaemias appearing within 5 years following
exposure and returning to baseline rates within 30
years. The mortality data for leukaemia are compatible
with a linear-quadratic dose-responsc relationship.
Children under 20 years aje more at risk than adults.
R"d bone marrow in the head and neck of adults is
found in the body of the mandible, calvarium and

cervical spine.

Thyroid cancer

The incidence of thryoid carcinomas (arising from the
follicular epithelium) increases in humans following
exjosure to ionizing radiation. About 10% of indi-
viduals with such cancers die from their disease. The
best studied groups arc the Israeli children irradiated to
th<f scalp for ringworm, the children in Rochester
irradiated to ihe thymus gland, and atomic bomb
survivors. Susceptibility to radiation-induced thyroid
cancer is greater early in childhood than at any time
latjsr in life. Females are three times more susceptible
ihdn males to both radiogenic and spontaneous thyroid

cancer (¥ see p. 298).

Dorecaoy

Irradiation of bone periosteal and endosteal surfaces
carries the risk of excess bone malignancies, mostly
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Tlic dosimetry data on cancers arising
In humans following exposure to
is fairly sparse and not suitable for

osteosarcoma.
from bone surfaces

low-LET radiation
risk estimation. The Japanese A-bomb survivors show

no elevated bone tumours following exposure up to
4Gy. The BEIR V committee used data from internally
deposited radon (which emits high-LET Blpha
ticles) in humans for risk estim ates. To estim ate the risk
of low-LET radiation, they used a relative effectiveness
Cgualliy® factor of 20 to correct for the more harm ful
high-LET alpha particle emission. They also reviewed
Internally deposited beta emitters

par-

risk estimates from
(primarily wSr) in laboratory animals (3 see p. 306).

Oesophageal cancer

Excess
bomb

There Is limited data on oesophageal cancer.

cancers developed In the
survivors as well as in patients treated with X-ray for

Japanese atomic

ankylosing spondylitis.

Brain and nervous system cancer

Patients exposed to diagnostic exposure in vitero and to
therapy doses in childhood or as adults (average

midbrain dose of about 1 Gy) show excess numbers of
tumours. In addition, a
an association between
medical or
association for

m alignant and benign brain
rase-control study has shown
and
strongest

intracraniaj meningiomas previous

dental radiography*. The
these meningiomas was with a history of exposure to
full-mouih dental radiographs when less than 20 years
ofage. It is likely that these patients received substan-
tively more exposure than when using contemporary

radiographic techniques.

Salivary gland cancer

The incidence of salivary gland tumours isincreased in
patients therapeutically irradiated for diseases of the
head and neck, in the Japanese A-bomb survivors, and
in persons exposed to diagnostic levels of X -radiation.
Several studies have found an association between
tumours ofthe salivary glands and dental radiography,
the risk being highest in those receiving full-moutb
examinations (FM S) before the age of 20s. Only
individuals receiving an estimated cumulative parotid
dose of 0.5 Gy or more showed a significant correlation
radiography and salivary gland
ICRP model for estimation of

between dental
tumours9. The current
cancer risk docs not include the salivary glands as an
organ atrisk, although Vclders elal}®argue thatthere is
sufficient evidence of harm to Justify it

Cancer ofother organs

O ther organs such as the skin, paranasal sinuses and

marrow (multiple myeloma)
cancers following exposure. The
morbidity expected following head and neck exposure
less than for those described

also show excess

mortality

bone
and

in these organs is much
above.

Mental retardation

Studies of individuals exposed in utcto have shown that

the developing human brain Is radiosensitive, partlcu-

Table 1V Estimated heritable effects of population exposure to
1OmSv per generation*

Current Incidence  Additional firsl-generoilon

Type of per million live costs 10~«livtborn offspring
disorder born offspring IOmSv'1
Autosomal .
dominant
Severe 2500 3-20
Mild 7500 1-15
X-linfccd 400 <1
Reeealve 2500 <1
Congenital 20000-30000 to

abnortnallllei

'‘AdifUt/romt,>u 2-1el BEIR V \

larly between 8 and 15 weeks ofgestational age. Severe
mental retardation appears to show a threshold with a
(ower bound 0f0.12-0.2 Gy1l fn the case of lesssevere
mental retardation, there Isan estimated decrease of 30
1Q points per Sv during thisperiod ('seep. 147). There
is less risk of mental retardation occurring from
exposure atother gestational ages. The risk from dental
radiography isessentially non-existent; the uterine dose

from a FMS is less than 0.01/*G y'z.

j Cataract ofthe eye lens

The threshold for induction of cataract of the eye lens
ranges from about 2 Gy when the dose is received in a
; single exposure, to more than 5Gy when the dose Is
! received in multiple exposures oyer a period of weeks
\ ¢ see p.363). These thresholds are far greater than the
received with contemporary dental radiographic

»dose
j techniques13-'3.

i Heritable effects

seen in the
is little infor-

e« Heritable effects are those
! progeny of irradiated individuals. There
j mation aboutthe heritable effects of radiation exposure
Jin man and, to date, such effects have not been clearly
ldemonstrated. There is no statistically significant in-
:crease in genetically related disease in the children of
jatomic bomb survivors, Current knowledge of heritable
Jeffects following radiation exposure derives largely
ifrom work on mice. Table IV shows the estimated
"heritable effects in man following an exposure to the
!'population of IOmSv per generation. These estim ates
primarily from human and mouse data. The
ICRP and UNSCEAR committees estim ate
,that at least ISv of low dose-rate X -radiation to each
:member of the population is required to double the
| mutation rate in man'-3. The probability of heritable
| effects resulting from dental radiography Is quite low,
ias tho annual genetically significant dose* from dental
Iradiography Is 0.08 p-Sv in countries wjib a high level
lof health care and less in other countries (2sco p 289).
The dose following a FMS is less

(genetic)

iresult
i BEIR V,

Individual gonadal

'The genetfcally significant doit It Ihe doso that. Ifreceived by every
:member of (he population, would be expected to result In the ixme
total heritable Injury to the population ai do the actual gonadal dorci

received by the Individuals exposed.

Dcntomaxillofac. Radiol., 1992, Vol. 21, August 121
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TablebY Afvtf]raguesannuell I(_effe*cltive dose of lonlilng radiations to a beam, e.g. bone marrow and thyroid, are now higher
member o 0 opulation
populatl than in 1977 for the reasons described above. Tho
Dost Popvbtton jjroducl of these mortality coefficients and organ doses
(mSv) (*>) received during a radiographic examination yields
. fatality estimates for that exam ination. The remainder
Natural . .
organs are those known to be radiosensitive but whose
Radon 2.0 35 L . . L
Cosmic 0.27 8.0 r/sk coefficient is too low. or nor known with sufficient
Tej.'citrial 0.28 8.0 precision, to list separately. The cancer risk also
Internal 0.39 11 depends on the age and sex of the exposed individual.
Artificial The risk estimates presented here pertain to the general
Medical ) public, in that they arc derived on the basis of typical
X-ray dlagno.5|§ - 039 1 age and sex distribution (’ see p. 128).
Nuclear medicine . 0.14 4.0 . . . .
Conrumer Products 0.10 3.0 ' The dental literature contains several studies report-
Other ifig sufficient dosimetric data for radiosensitive sites in
Occupational ifie head and neck to allow estimation of the risk of
Nuclear fuel cycle <0.01 <0.3 fp(a! cancers from intra-oral and panoramic radio-
Fallout <0.01 <0.03 graphy. To estimate the risk from intra-oral radio-
Total <0.01 <0.03 graphy and compare the results from various studies, it
3.6 too vtas necessary to define comparable exposure condi-
pint from («>le 13 ol BEIR 5. tions. This study will first consider a FMS exposed at
70kV p"with D-speed film and round open-ended
aiming cylinders as the basis for comparison of results.
than 0.01 uSv In an adult femalel3 and 10/iSv or less Tabic VIcomputes the probability of fatal cancers per
. Trillion FMS made under these conditions. This tabic
In malesl. The gonadal dose is so small from dental X | adi h . g
radiography that the risk of heritable defects is negli- incorporates several adjustments to the primary data.
. . . . . . Fjirst, the risk estimates were made using the original
gible in comparison with the som atic risk*.
dosimetry, but with the current ICRP risk factors.

Further, E-speed film dose values were doubled and
C-speed dose values were halved to estimate compar-
able D-specd dose values. The dose resulting from one

Dental risk Im plications
to one-twentieth of a

bjtewlIng exposure was equated

perspective on the magnitude of dental FMS. When data from bone surface
missing it was estim ated to be 4.64 times the marrow

To gain a exposure was
exposure, it is instructive lo review a listing of major

sources ofradiation. Table V shows the average annual exposurel6.
jThe average of the seven studies in Tabic VI shows

diat the highestestim ated risks are forleukaemia (bone
marrow ), thyroid and bone surface cancer. The esti-
m ated risks for leukaemia (bone marrow) and thyroid
cancer arc greater than prior estim ates because of the

effective dose of ionizing radiationsto a memberofthe
US population*. Diagnostic radiation accounts for only
about U % ofallexposure. Only about 1% ofthis 11%,
orabout0.1% ofthe totalexposure, results from dental
radiography (3see p. 288)1, Compare this to radon, for
instance, which is estimated to contribute more than
half the human exposure. Estimation of risk from
dental radiography in this discussion will focus first on Tible VI Risk of fatal cancers per million FMS*

cancer fatalities and then on the effective dose. |

4 References
Fatal cancers 10' n 77 1Q 79" 151 16X Average
The risk of fatal cancers resulting from a radiographic Gonads " v -
exposure isthe sum ofthe risks ofindividual radiosensi- Epne marrow 04 i.i 0.6 0.3 1.3 01* 14 07
tive organs. The ICRP 1990 report estimates tho Colon — - - - =
i i X o Lung 0.2 0.1 - [eN| 02 — — 0.t
lifetime mortality coefficients for low dose exposure for _ _ _ _ e _ _
Stomach
12 specific organs (Tabic Ill). The probability coeffi- Bladder
cients for fatal cancers for structures in the primary Breast — 0.2 02 — — 0.t
Liver — — _ — — — —
Oesophagus — 0.5 — — — — 0.1
Thyroid . . 0.1 0.4 0.1 2.2 1-0 0.8
«If tho risk of heritable defects Is taken to be 30 iddhlom| first- Skiyn 0.2 olf - 01 _ _ _ _
ger;et;]atlon cases perm |Illotn llvchom offbsprlnfgtﬁer tOmIS\t/'(TaIbIte Ilv) Bbne jurface 0.3 ' 07 01% 06 — 0.7 0.5
n 0 average exposure to every member o e population Is taken Remainder 08 05 01 01 05 01 03 0.3
as 0.5/sGy (one-tenih the average of the male and female gonadal L 34 25
i i ; Sjim 19 45 14 10 26 24 . .
exposure from a full-mouth set of radiographs) then the heritable risk
Is 1.5k ]0"*. ThJs Is more than three orden of magnitude lest than (intedroood o
tho jomatle risk estimated on Tnbio VJ. ... mutiplied by 20lo «quiit< ctK *Slh i (Wl.monh (lamination,
*1710 values shown in this toblo are consistent with those in *BiuQm%%%%g%ﬁmwm%ﬂﬁmgﬁp%d%mf%D-Iptfdﬂld*o’ﬂl
UNSCEAR (Jsee p. *1) thnl reflect ihe greater range of exposure! Dipeed film
found in different regions of the world. Data douoted (0 C*fp«d film dud* lo D*p#«d film
*Thl» value is representative of countries with mhigh level of health oD Tgmﬁngﬁgwaggm%*mmv;dlthﬂ?;dmmw
i i X of/ic n 3 imn bore thartO~.
care. The dental fraction of total exp’osure will depend on the of ation 1 f * rocification of Ib* 1CRT tid *Kd bar*
country, at both the rate of exposure (’ see p. 273) and the mean al pUbNed
effective dose (* tee p. 28G) vaty by country. — . <0.05.
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elevated fatal probability coefficients (Table [II1).
W hlJo the relative risk for bone cancer is lower than for
bone marrgw and thyroid, the relatively high dose
absorbed a?'the bone surfaces gives this site a compar-
able risk. The risk of bone cancer fallowing dental
exposure, however, is especially suspect. Because of
the lack of evidence relating low LET exposure below
4Gy with osteosarcoma, it may be that this risk is
considerably overestimated.

It is striking that even with the current higher risk
coefficients, the average risk reported in Table VI, 2.5
fata] malignancies per million FMS, Is generally less
than previously reported. Gibbsdal. estimated the risk
to be seven fatalcancers per million examinations In 30-
year-old individuals12. Underhill era/.22concluded that
for a FM S using round collimation and E-speed film
there are about five fatalities per million examinations
in 30-ycar*old individuals. Bengstssonl® put it at 12
deaths per million FM S while Gregg20calculated three

cases per million four-film dental examinations and
thus 15 per million FMS. The difference in the risks
computed in this report and those originally reported

results from two

by tha authors of the studies cited
competing effects. There is an increased risk estimated
from organs known to be radiosensitive, listed in Table
estim ated for the remainder

1, reduced risk
is less well established.

organs whose radiosensitivity
The current :CRP method ofcomputing the dose to the
remainder organs (an average of the organs listed in
footnote2 of Table HI) in a smaller estimated
doso to the remainder organs than using the previous
ICRP method. In the current report, the remainder
organs account for only about 10% of the total risk.
Gibbs eta/.12, for instance, found that the risk resulting
the remainder organs w2s about 10
in the current report and accounted

and a

results

from exposure to
times larger than
for about two-thirds of their total risk estim ate.

Use of E-specd film and reclangular collimation will
substantially reduce the total risk. Velders et al.l0,
Underhill etal. 16 and Gibbs etal.,zcompared the risk

rectangular collimation. The average

from round with

Table VJI Risk of fatal cancers per million panoramic examinations’

Rtfzrxnctj and type o fexamination

21 21 21 19» 16
Panoral OPS'  Oralix 9 Panoura
Gonads _ _ - —
Bone marrow 0.05 0.07. 0.06 0.13 0.07
Colon
Lung 0.01 0.02 0.01 0.04 —
Stomach — — —_ —
Bladder — — — -
Breast _ v— —_ 0.01 —
ver — — - - -
besophagus 0.05 0.07 0.06 — _
Thyroid 0.03 0.10 0.05 0.03 0.05
in —_— 0.01 0.01 - —
Egne SU e 0.02 0.04 0,03 0.03 003
Mainde 0.04 otl 0,07 001  o.ot
Sum 0.22 0.41 0.29 0.25 0.16

«LMpj tvt.t.nh Incmih(n{ urccm.
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of 2.8 using rectangular
Isabout twice as fast as
radiography declines
rectangular collima-

risk is reduced by a factor
collimation. Since E-specd film
D-speed film, the risk of dental
approximately five-fold by using
tion with E-speed film. The studies of Velders et al.
found that the risk is increased at 50kV p but they and
Gibbs etal.lz found that the risk is largely Insensitive to
variation in kVp in the range 65-90.

eIt is possible to estimate the worldw Ildcnsk of fatal
cancers from dental radiography. The United Nations
reports that there were 340 million dental radiographic
procedures performed in 1980 and that there was an
average of four films per procedure (* see p. 274).
Given a risk estimate of 2.5 fatalities per million FM S
we may project that the risk of one radiographic
procedure (four films) is about 0.5 fatalities per million
procedures. Accordingly, the worldwide annua] fatality
rate may be about 170 cases. This estim ate declines to

34 cases by universal adoption of E-speed film and

vrectangular collim ation.

Published dosimetry
allows risk estimation from this source
Table VII computes the risk of fatal malignancies per
million individuals exposed for a panoramic radiograph
intensifying Screens. As in Table VI,

radiography
of exposure.

for panoramic

using iare-earth
the computation is based on original dosimetry and the
current ICRP risk estimates. Original dosimetry data
measured with calcium tungstate screens was halved to
reduction. In this case,
thyroid cancer consti-

take into account the dose
leukaemia (bone marrow) and
tute the greatest risk, while bone surface cancers are
also important. It is noteworthy that panoramic radio-
graphy carries about one-tenth the risk of a FMS.

E ffective dose

The ICRP recommends use of the conceptofradiation
detrimentin radiation protection. This isthe total harm

J
that would eventually be experienced by an exposed
group and its descendents os a result of radiation
exposure. It is appropriate to estimate detriment only
!
16 16 16 16 IS’ 1ST
Panoral Oralix Pantilpre OPS 9 | Ava
' 0.04 0.07 0.05 0.08 0.03 — 0.05
; — _ — 0.04 0.0
i - ” 0.0/ _ 0. 1
'1A- — — — o.ot —
iT ® - — 0.02
‘£ 0.03 0.04f 0.03 0.01 0.04 0.24 0.06
o — y _ —_ o.ot _ —
0.02 0.03 0.0J 0,04 0.01* 0.03
0.0J 0.0t 0.01 001 o002 006 o003
0.09 0.15 0.12 0.t7 0.14 0.30 0.21

Oritlpil ditM di.ldtd b! Llot.i-rrl 1ton c.tfiw* <vnirti(« frtciulf)(nf icttriu tor,r,-«irV> ictcera.
inf nph, OPS.

jTyj* omixctntd,
OoM lo feooo ivtht, ounttd lo foc* 64 t'i«| tl.il ol Vom
003. *

—. <0,
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TW c VIII Tissue weighting fadcrs'l

Ttssut or orton Tlsillt we/j/t/ fuctor, wr

Oonads 0.20
Bone morrow (r.-d) 0.12 .
Colon 0.12
Stomach 0.12
Lung 0.12
Bladder 0.05
Breast 0.05
Liver w 0.05
Oesophagus 0.05
Thyroid * 0.05
Skin 0.01
Bone surface 0.01
Remainder 0.05*

«frOT table J. ICRP rchticircn 60,1990*. 4
*7he vifuo b*ve b«a dc*th}<4 frod e refercKt population of «qoaf rvrotrtn rf
1a*&= ddiftiftion Of effective dotc they =pfly to *0*Ven. to

teXes afxt | WAE e
b« »hol« population. to chiher S¢*,
of tSc fono»!"{ >c\ildomd tinuc*

'Fbf pvrpoul ofcolrtjrilen. th ntrrulrttkf Hoonposed C
andorpnjj adrendi. b*dn Nfje Intestine. mall Intstine,lddne?/'*raﬂe. prncitri.
*pUin, 1%7*11 *nd otcrvf. T>x G Indudes OFIOM which sf* likely to be selectivity
frrsditted. Serme OF*«ni Inthe lift art knoan to bearccptibU to Induction If other
tiuuei and 0'J«m becorre Identified w heWbit | fifnlHonl mk of Indloed

L y
Cinctr will then be Indaded eviher vilh t specific o< In thia additional bit
coraUtdrint the remeinder. Ttx latter may alUo Indude other riitves or orprw xkeiitelt

frradivted™

'to those tiCTptional a so to **nyjf are ofthe remiindet tfc-vaf or orjanj rrctim
«neguivalent dote »fl trrnt of theMffof doe Inanyof the 12orjur for which awcijMnj
factor It specified, awe htinj factar CtQXM ihouv* ied tO thet tiviut « Aryanand«
taf&htiay fector of QQ3 to [iccaverse in trerest of the remeinfler at defined abo'e.

when the exposures are small and stochastic effects are
being considered. Detriment includes not only the
probability of fatal cancer but also the weighted prob-
ability of non-fatal cancer, the weighted probability of
severe hereditary effects, and the relative length of life
lost. To estimate detriment, firstdeterm fne the equiva-
lentdose to radiosensitive organs. The equivalent dose,
Hristhe sum ofthe products ofthe radiation weighting
factor, wR, and absorbed dose, DT.R to each exposed
tissue or organ. wR is unity for all low LET radiations
including X-rays of all energies. D TR is the absorbed
dose averaged over the tissue ororgan T, due to radia-
tion R. The unitofequivalent dose is the Sievcrt (Sv).
Detriment is measured by the effective dose, E, the
sum of the equivalent doses, HT, to each organ of
interest multiplied by the tissue weighting factor, wT.
The tissue weighting factors consider the relative
contribution of each organ or tissue in terms of total
detriment. Table V III lists the tissue weighting factors
that have been adopted by the ICRP in 1990. The effec-
tive dose calculated in this way for a particular radio-
graphic examination may be expected to result in the
same total detriment as that from a uniform whole-
body exposure of the same amount. Foi* example, a
dose of 20m Sv limited to the thyroid gland (ivT = 0.05)
yields an effective dose of 1mSv and can be expected to
provide the same detriment as a wholc-body dose of
Im Sv.

Table IX shows the effective dose from a FM S using
D -specd film and round collimation using tho same
data conversions as described above. The effective dose
to the thyroid is approximately three times that to the
bone marrow, while the risk expressed as fatal cancers
Is abouUhe same. W hile the contribution of non-fatal
cancers is twice that for thryoid compared with bone
marrow, the relative length of life lost for leukaem ia Is
twlco that for thyroid cancer. Dio discrepancy results
from the rounding used by the ICRP In assigning tissue

W Dpntnmaviilofor RArllml  1UQ? Vnl 71 Anoint
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Tubla IX Effective dose, E. tor a fult-mouth ciamlnaltort (/iSv)*

Referenced

/0" 12 2) 18 2% I1S1 16 AM

Gonads ] - - _ 4 _ —
Bono marrow 10 25 14 6 30 2% 34 1/
Colon — — — — — — — —
Lung- 2 1 — 1 I - = 1
Stomach

filaddcr

Brcisl — — — 5 5 — — 1
Liver _ — _ — - — —_ =
Oesophagus — 8 — - — — —
Thyroid 13 80 5 25 3 138 63 4/
Skin 1 4 —W 3 = 1 - 1
Bone surfsce 5 21 14 2" 12 t" 13 to
Remainder 91 5 1 ] 5 J 3 3
Sum <4 144 34 44 63 142 113 84

ID-ipced ftp* and round coOinufion.
IDat« «*gttipRrd by 20 to cquilf one blitwinj «dih « full-mOwh «uminatVWH.
*De/a mutiplied fry 1010 equate bst]ndnnwith * fuil-mvnith ctnndnstlott,
(p«u di»Wed by 1.7 to equate exposures of 70% C g x tI fni t*d 70% D-specd film lo att
D-sprtd film.,
«Pall douKed lo cqoitc E-speed Him data fn D-rpced film.
r Bone mtnow In raandibfc iAvimed to ecmlilutC >-7% ol body bom marrow*
lo bone larftoc essumcd la be 4.6J limn lhal f bon* narrow.
‘MriKodvfeomputarfcaofrcrneindcramcdificarlon of live ICRPmclbodandoicdbctf a*

ftuwnlted. —. <0,7.

weighting factors*.'Because of these approximations,
emphasis Is placed on the total effective dose.

An average effective dose of 84/rSv for a full-moutbh
‘examination using D -speed film and round collimation
;s less than that previously estimated by most authors
for;the same reasons described above forestimation of
Jthe probability of fatal cancers. Gibbs et al.lzcom puted
San effective dose of about 400/rSv for a young adult.
W all and Kendalll9 reported 10/iSv per film, equiva-
lent to 200~Sv for a FMS. Stenstrdm et al?3 give a
ecomparable effective dose of 234/uSv. The reduced
estimate of the effective dose In the present report
Tesults largely from the great reduction in the contribu-
organs. The fairly wide
to bone marrow and

tion from the remainder
‘discrepancies in effective dose
jthyroid may relate in partto beam diameter. StenstrOm
jet al?3 used a beam dia ter of 5.5¢cm, Velders et al.
6.0 cm2* while Gibbs l.used 7.0ecm . Antoku etal.
eshowed that when the beam diameter is increased from
6.5 to 8.0cm, the thyroid dose is increased by a factor
;of fourls. Underhill et al?eestim ated an effective dose
E-speed film and round
about 1000/xSy for D -
ispccd film. This effective dose, as with that com-
;jputcd from the data of Stenstrom et aI. using the
‘current ICRP method, is a slight underestim ate as it
does not include skin and the remainder organs,
iVciders ef al?° estimated the effective dose for one
,bitewing at 75kV p with Tound collimation as 2.3/xSv,
;0rd4~rSv fora FMS. They modified the ICRP method
effective dose resulting from
remainder organs to the

jpf 514/~Sv for a FMS with

.collimation, equivalent to

Tor determining the
lexposuro to abdominal and

«The ratio of ihe relative contribution of bona marrow to thyroid In
term» of total detriment (' tee table B-2Q) Is 6.8. virtually lhe lame it
tire nlio of the probability of fatal cancer for theje tissue*. After
.rounding ta aulen the tissue wcijhtine factors, however, tho bone
marrow to thyroid detriment ratio fs reduced to 2.d, This raises the
relative weight assigned to the thyroid gland by a factor of 2.8, almort
exactly the relative Increase seen In Table IX.
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T+atf« X Effective dost?, C. for m pjnuramlic examination (f«Sv)*

References and type o f examination
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* 2 2 2 19 16 16 16 1B 16’
Panoral OPS'  Oralix 5 Panouro! Panoral  Oralix  Panelipse opPs f i Av<ra$e *
Gonad* : 05 *° « S - — —
Bona marrow 1.2 1.7 1.4 3.0 \.6 } 0.8 1.7 1.2 1.9 0.6 — 1.4
Colon - — — — 1 _ - - —« _ _
.Luna 0.2 0.2 0.2 0.6 rm — % 0.6 0.2
Stomach - - - -— --T — — — —
Bladder - — — — * L _ — . _
Breast — — — 0.3 — . — Q3 — —
Liver —_ , — — —* — — _ —
Oesophagus 0.9 1.2 1.0 - - — . — — — m 03
Thyroid 2.2 6.0 3.0 1.8. 3.i 1*7 2.3 2.1 2] 15.0 3.8
Skin 0.2 0,4 0.4 — _ — 0.3 — 0.1
Bone surface 0.5 0.8 0.6 1.0 O.fl 1 0.3 0.7 0.6 0.7 0.2 — 0.6
Remainder 0.4 1.1 0.7 0.1 0.) 0.1 0.1 0.1 0.1 0.2 06 03
Sum 5.5 11.4 7.3 7.2 5.3 3.0 4.7 3.9 5.3 4.6 15.6 6.7
*UlI»| larM I1th Inu.jIfjinx S?*«Pfc >
‘Data dMdtd b/ 3 to con.cn hem oWum tunjuiic iMcn. fytrts Krfcm to iere*<«*tb yanku
‘Onboyartonwcjopb. rnodtl OPS.
“T,pC unimiticd, . *\
<o0.05. ;

extent that it differs from a strict application of the

ICRP method by 7% *.

Table X shows the estimates of the effective dose for
The thyroid effective dose is
to the bone marrow dose for
The effective dose esti-

panoramic radiography.
relatively high compared
the described above.
mates radiography in this report, an
average of 6.7£tSv, smaller than many
estim ates for the reasons identified 'above
estimates. As with the risk estimate, the effective dose
Is less than 10% of a FMS
round collimation.

reason

for panoramic

recent
for risk

are

of panoramic radiography
made with D-speed film and

By way of com parison, the current BEIR estimate of
the average effective dose from natural sources (based
on fatal cancers) is 3 mSv per year (3 see p. 18). To
include non-fatal cancer and severe hereditary effects
(the probability of stochastic effects) multiply this value
by 1.45 to yield 4.4 mSv (' see table B-20). We may

Table XI Equivalent background exposure from derrtal radiography

o Background
Examination Film Collimation equivalent*
Full mouth* D Round 1week

E Round 4 days

D Rectangular 3 days

E Rectangular 1 day
Bitcwings** D Round t day

E Round 17 h

D Rectangular 13 h

E Rectangular 7 h
Panoramic* Calcium lungslate screens 1 day

Rare-earth screens 12 h

*0piC 6 i rrmental effective <foic of 4,4n\3* (ice Tl.tk rounded lo |k

TR i G 0 Tl 1

*Thc effective doie for 75kV p, round collimation at calculated by
Velders er al.10 lor one bilewlIng is 2.22/rSv, Including a icmalndcr
of 0.465/rSv, With the slrict ICRP method for computing tha
remainder, the effective dote dropt to 2.06/tSv. including a
remainder of 0.09/aSv, a reduction of 7.27«. ,

then estimate thata FMS made with D-speed film and
round collimation (84/aSv) is equivalent to 1 week of
background exposure. Table X1 shows equivalent
background times for other common dental examina-
tions. For instance, a panoramic radiograph made with
rare-earth screens corresponds to about halfa day of
background. It may also be instructive to observe that
the effective dose for a FM S (84piSV) is well within the

range of natural variation in cosmic and terrestrial
background exposure between different populated
geographic sites.

Conclusions

The estimates above represent extrapolations to the

low dose range beyond the availability ofdata. As such,
we cannot consider they demonstrated that diagnostic
exposures cause cancers at the rate estimated. Nor, on
the other hand, is there reason to p'‘csumc that dental
radiography is without risk. W hile the risk frorn dental
radiography is certainly smallin terms of other risks wec
readily assume during daily lives (e.g., from
driving, smoking or eating fatty foods), there isno basis
to assume that it is zero. Although radiation appears to
be a weak carcinogen, prudence suggests wc should be
cautious because of U\e large numbers of people
exposed to dental radiography.

It is our responsibility to assure
avoid receiving even the smallest unnecessary dose of
radiation. W hile there evidence that the dental
profession has made considerable progress in reducing
patient exposure over the years (Figure 1), there is still
opportunity for improvement. Certainly, dcntist3
should use selection criteria forordering films. As there
isno consensus on exacily whatsuch criteria should be,
in this field. The use of E -
shoujd be

our

that our patients

is

we need continued research
speed film and rectangular
routine, as should timc-tcmperature processing and the
use of rare-earth screens for all extra-oral radiography.
W e should use thyroid collars, especially with children,
as they halve the thyroid dosel7. As Lauriston Taylor
‘Today wc know about all wec need to

collimation

has observed:

Dcntomaxillofac. Radiol., 1992, Vol. 2J, August 125
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0
d--> 1 * o piia .
1915 TI925 1935 1945 1955 1955 1975 1985

Yr

Figure 1 Values for skio exposure for an intra-oral radiograph of the
first molar derived from review of the English-language literature.
The 1920 values are reconstructions. The higher value in each pair
results from the use of a 9.2-cm beam diameter rather than 7.6 cm.
The higherpair hasno added filtration, often the case in these years,
w hilethe tower pair reflects the use of 1.0mm added aluminium
filtration. Note gteat reduction of surface skin exposure resulting
primarily from Introduction of faster films, Use of added filtration,
and restriction of beam size. The sources used to gather these data

points are listed in ref. 9

know” for adequate protection from ionizing
radiation’15. "W hile dentistry can rightfully take pride in
how far we have come, as a profession we still have

further opportunity to implement our knowledge of

radiation protection.
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Alaska State Legislature

Juneau. Alaska 99HOI-I IH2

/Ay (907) i65-

Senator Robin L. Taylor
Senate M ajority Leader

SPONSOR STATEMENT

SENATE BILL 160

Senate Bill 160 changes trie procedures for inspecting and registering
dental radiological equipment. Current procedures are erratic and
inutile. On-site inspections by the Department of Health and Social
Services are unnecessary because the incidence of Xx-ray
overexposure is so insignificant as to be non-existent. Some states do
not even have a requirement for registration or inspection of dental
radiological equipment.

SB 160 will transfer the registration of dental radiological equipment
to the Board of Dentistry. Inspection activities will be done by the
private sector. The owner or lessee of the equipment will be
responsible for providing documentation to the Board that the
equipment is registered and has been inspected within the past five
years by an individual who meets the criteria established by the

Board.

Inspections and needed adjustments are routinely performed by
trained dental supply company technicians who are far more
qualified to perform such inspections than representatives from the
Department of Health and Social Services. SB160 will establish the
criteria required for technicians who will be acceptable inspectors
under this legislation.

Under SB 160, if a dentist or their employees use equipment that is
not registered or equipment that does not have a current inspection
sticker, they will be subject to a civil penalty in the form of a fine,
levied by the Board, not to exceed $5000 for each violation.

J52 kroni Sircci
Kcldiikan. Alaska 99901
(907) 225-K08S

/*V/V- (907) 225-071J



FLOYD K "FRED" BOUSE, DPS
Family Dentistry

Post-1t* Fax Nole 7671 prguU * |/

March 5 1998. Fromfe i
Co1B:o R :

Phonal Pltneit

Senator Robin L. Taylor
State Capitol - Room 516
JUneau, AK

Dear Sirs,

W e in the dental profession very much appreciate your efforts regarding

SB160,

| personally wrote letters ofprotest about this matter several years ago and
again- recently. The letters were sent to the Department of Health and Social

Services in Juneau.

. The lasttime my office was inspected was seven years ago or so - fees paid
to the Department of Health & Social Services have increased to 250% of original
fees, yet helpful inspection of my facility ha3 been sporatic-to-non-existent. Only
after a recent letter | wrote, in whioh | protested a lack ofservices (from Health and
Social Services Radiology Dept.) did | have my radiological equipment examined by
a state employee. | personally desire and invite intelligent, helpful involvement of
the appropriate parties in the maintenance of my equipment in first-rate,

state-of-the-art condition.

The State of Alaska has been woefhlly negligent in its duty to the dental
profession regarding radiological inspections: negligent not because wc need
inspections, but because we were promised inspections, we paid for Inspections and
thon never or hardly evergetwhatwe are paying for.

A much more effective and responsive solution to this matter is addressed by
SB 160. Letme encourage you to prooeed and prevail in this matter.

Thank you fortaking time to read my.note.

Yoursin service,

..Geist.
Professional
Building
3745 Gofat Road.
e Fairbanks, Alaska
99709
(907) 479-2208  We mafo miles of smiles for you.

Floyd F. Bouse, DDS



Number of facilities by type

Chiropractors 63
Dentists 241
Educational 5
Hospitals . 19
Industrial 50
Medical 116
Veterinary 47

Dentists inspected since May 1995 133

Kate Coleman began inspecting 25% in May 1995. Clyde Pearce began inspecting 100%
in May 1997. It is now possible to inspect all of the facilities on a three-year cycle.
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MICHAEL J. HELMBRECHT, D.D.S.
421 Third Street - Fairbanks, Alaska 99701 (907)450-1237  FAX(907) 452-4778

February 23, 1998

Senator Robin Taylor
State Capital
Juneau, AK 99801

Dear Senator Taylor,

Once again | want to thank you for affording me the
opportunity to respond to the Department's claims reguarding
dental x-rays.

This time, however, | am in agreement with most of the
information they sent you. The body of scientific literature
we have today concerning dental x-rays seems to agree that
there could be a cancer risk on the order of one in a

m illion associated with a full series of dental x-rays

just as | reported to you in my last letter to you. It should
be pointed out, however, that there has never been a case

of cancer diagnosed that could be attributed to dental
X-rays. Let me explain:

Background Information:

Cancer was not regarded as a population risk from sublethal
radiation doses until excess leukemia began to appear in
Japanese war survivors in the late 1940's. Since then,
epidemiologic studies have shown excess lung cancers in
uranium miners. Numerous studies since have shown increased
cancers in populations using very high therapeutic doses

of radiation to treat various anomalies in the late 1940's
and 1950's. Some of these therapeutic modalities required
the patient to endure up to 400 treatments with extremely
high does of radiation.

All of the studies of cancer risk from small (diagnostic)
doses of radiation have had to extrapolate from the data
acquired on the high dose cases since there has never been
any study which could show a link between diagnostic

doses and cancer. Obviously there are many problems in

the estimation of cancer risk from small radiation doses
using the extrapolation technique. Consider for a moment,
a study of liver cirrhosis on Second Avenue (Fourth Avenue
if you live 1in Anchorage). Can we accurately extrapolate

to show the risk of liver cirrhosis to the person who has one
glass of champagne a year on New Years Eve form data showing
the incidence of liver cirrhosis in a population that drinks
to excess on a daily basis?
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Noone has yet proven we can, so to be on the safe side lets
assume the cancer risk from dental x-rays to be one in a

million even though we get more radiation from traveling in
an airplane for 6000 miles (JADA, vol. 105).
As I've mentioned in previous correspondence, the risk of

getting cancer from dental x-rays would then be the same as
the risk of dying in an accident if you spent six minutes in

a canoe (JADA, vol, 105). What dentistry has done in
acknowledging this potential risk is to put outriggers on the
canoe. Through the various safety measures (eg. collumnation,
lead aprons, high speed film, filtration, wuse of film holders,
etc...) we have minimized this risk.

As the Department's article states, "the risk is small because

of the efforts by the dental community, manufactures, and
state radiation control programs.”

S.B. 160 would not change any of this. What it would do is
change the way the state is administering its control program
in that the Board of Dental Examiners would be in charge.
Through this change dentistry would be held to routine and
predictable inspections and calibrations, of equipment, not
just the hit and miss "inspections”™ as they are done now.
This would then relieve the Department of over 50% of their
case load and give them the opportunity to concentrate their
inspections on the more potentially hazardous machines used
in medicine, veterinary, chiropractic, and industry without
any budget increases.

I hope this letter will clarify not only the risks, but what
we are doing to lessen them even more. Please contact me

if there are any further questions. I am enclosing several
up-todate articles from the current literature available on

dental radiation risks.

Sincerely,

enclosure/MH/bb



HELMBRECHT DENTAL

Michael J. Helmbrecht. DDS. 421 Third Street

Diana M Helmbrecht, DDS. Fairbanks, Alaska 99701
Telephone: (907) 456-1237

Fax: (907) 452-4778

December 19, 1996

Senator Robin Taylor
P. O. Box 1441
Wrangell, Alaska 99929

Dear Senator Taylor,

Thank you for the considerable amount of time you spent listening
to our concerns regarding the state - government sanctioned

X-ray inspection bureaucracy.

First of all, allow me to define the problem and give a brief
history of the program in our state.

The entire matter of state sanctioned registration fees for each
Xx-ray tube in dental offices remains of considerable importance
to many members of the Alaska Dental Society. In 1986, the
authority to collect fees for registration and inspection of
radiological devices was established by Alaska Statute 44.49.022.

An accompanying schedule was established by regulation. The per
tube rate for dental offices was $20.00. The Alaska Dental
Society did have opposition, however, it was felt the possibility

of providing a better service to dental patients was sufficient
cause to cooperate.

In 1993, there was an increase in registration fee to $50.00 per
tube. This was a 150% jump and the sole purpose of the increase
was to cover increased costs for the radiological physicist
traveling state wide to inspect x-ray equipment in various o f-
fices. It is interesting to note that by this time the physicist
had left the state and no other expert has been hired to replace
him. Today the Division of Radiological Health for the Depart-
ment of Health and Social Services for the State of Alaska is an
"Environmental Scientist" by training. As an additional point of
interest, she was at our last State Dental Society meeting in
Homer stating her case for another large fee increase.



HELMBRECHT DENTAL

Michael J. Helmbrecht, DDS. 421 Third Street
Diana M Helmbrecht, DDS. Fairbanks, Alaska 99701
Telephone: (907) 456-1237

Fax:(907)452-4778

I understand that science cannot be solely based on personal

testimonials, but permit me to relate one to you. My wife and
I are general dentists occupying a small building in Fairbanks.
Between us we utilize five Gendex GXIOOO's, four Gendex GX770's
and two panelipse machines. Those 11 sources are costing our
patients $650.00 per year. Also we havo not had any inspections
for at least ten years. My question to you remains - how effec-
tive are state sanctioned registration/inspection bureaucracies?
Also, is the cost/benefit ratio to the public worth all the

excess bureaucracy?
In a nutshell, dentistry's concerns are:

1) "On-site"” inspections are truly unnecessary because the
incidence of x-ray overexposure has been so insignificant
as to be non-existent.

2) The dental society knows of no history of documented
over-exposure in Alaska's dental offices.

3) Inspections and any needed adjustments are routinely
performed by trained dental supply company technicians.

4) Manufacturers of dental x-ray equipment must go through

rigorous requirements by the FDA to fu lfill 510 K and
Initial Report guidance documents to prove safety and
effectiveness. These guidance documents may be acquired
through the FDA by calling 1-800-638-2041. It should be

noted that the design engineers at Gendex are sympathetic
with our cause but were unable to formally help us be-
cause their corporate lawyers feared repercussions by
the various government agencies.

5) The State of Alaska is expanding a position that is well
taken care of through the private sector. This is not
cost containment or responsible government.



HELMBRECHT DENTAL

Michael J. Helmbrecht, DDS, 421 Third Street

Diana M Helmbrecht, DDS, Fairbanks, Alaska 99701

Telephone: (907) 456-1237

Fax: (907) 452-4778

Although our society never did poll our members directly, there

were individual incidents cited where the inspector, when she did

come, gave little notice, disrupted the practice, and in general

seemed arrogant and unaware that her actions were embarrassing
and inappropriate. These were not positive experiences.

As you know, our efforts were not successful. Increased regis-

tration fees are once again on the horizon.

Lets work together to rid ourselves of this unnecessary and
obtrusive bureaucracy.

Robin, please let me know if | can be of help in any way* I have
scientific literature on x-ray safety. Also, the Alaska Dental
Society has just completed a national survey of the State Dental
Societies to acquire data on how other states administer x-ray
inspections if they do at all. If the survey results would help
you, please let me know.

Thank you for your time in reviewing this important matter. If 1
can be of any further assistance, please let me know.

Yours

Michael J. Helmbrecht, D.D.S.
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MICHAEL J. HELMBRECHT, D.D.S.

421 Thin Street  Fabtanks. ALuloi 99701 007)45e-1Z37 FAX007) 452-4778

March 6, 1997

Senator Robin Taylor
State Capitol
Juneau, Alaska 99001-1102 1

Dear Senator Taylor,

1 have received a copy of the letter sent to your office)by Dr.
Peter Nakamura of the Department of Health and Social Services.
X am certainly grateful for this opportunity to reply.

I firmly believe we can modernise x-ray inspection techniques to
reflect the current technology used in x-ray equipment and film
processing while maintaining the same high standards for public
safety that the dentists in this state have always had. At the
same time we can cut the unneeded expensa and bureaucracy that
has been a burr in the saddle of dentistry since inspections
begun in 1988.

dissects each of Dr. Nakamura's paragraphs to

The following text
lead the unin-

point out the ambiguities in his claims which may
formed to the wrong conclusion.

Paragraph #1

the first paragraph of Dr. Nakamurs's letter he has made an
X-ray inspection fees are

Each of these

In
attempt to demonstate that Alaska's

commensurate with other states in the Northwest.
figures he siteB is either wrong or misleading.
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Here is the correct breakdown:

1)  ALASKA:

As we know, the fee we pay in Alaska is $50._00/x-r_a?1/ sourcel/year.
To compare accurately, lets see what our office with eleven x-ray
sources would pay in. each state.

Currently we pay $550.00 /year to Alaska
2)  WASHINGTON:

Dr. Nakamura reported the fee accurately for Washington, however,
he told you it was an annual fee when in fact it ia. a bi-annual
fee. This in effeat auts the cost in half.

Cost for our office: $255.00/year
3) OR3GON:

Here Dr. Nakamura reports an 87.00/aontrol panel/two years fee.
Of course the layman would not distinguish between "control
panel” and “x-ray source". In actuality one aontrol panel can
control upto four x-ray sources. Our office has three control
panels. Most dental offices have one control panel.

Cost for our office: $261.00/year

4) MONTANA:

Dr. Nakamura reports a $100/tube/year fee for Montana. With a
little checking, one finds that Montana has no routine inspection
nor do they have en annual fee. They will inspect a newly in-
stalled x-ray head before it is put in service. The fee for this
is a one-time fee of $100.00.

Cost for our office: $000.00/AN

H
I'd like to know where Dr. Nakamura is getting his data.

141003
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Paragraph #2

Thia paragraph from Dr. Nakamura's letter basically deals with
two different topics. The first is Ms. Coleman's eduaational
qualifications. Dr. Nakamura states that Ms. Coleman exceeds the
qualifications necessary for her job/ but he falls short of
giving us her qualifications. Recruitment Bulletin #122- 94 for
the State of Alaska lists minimum educational qualifications for
a Radiological Health Specialist ap: Bachelor's degree or the
equivalent in radiological health, health physios, physios, chem-
istry, environmental science, or closely related field,. The
state would not provide us with Ms. Coleman's curriculum vitae,
but. we are reasonably sure she holds a degree in "environmental
science". In checking with several universities, we found that
this is a liberal arts degree with a aurrieulum emphasis in
humanities. Xt should be noted that Ms. Coleman's predecessor,
Syd Hydersdorph, is a radiological physicist. Xt certainly would
be preferable to have an inspeator who has a thorough scientific
background in radiology, not one who has been educated in ravages
of pollution and mans desecration of the earth* Its kind of like
having the XRS prepare your taxes in that interpretation of
regulations becomes a point of contention. Perha||os it would be
advisable to make some changes in the minimum qualifications for
the position of Radiological Health Specialist if we are to
maintain state-sponsored x-ray inspections.

The second topic in paragraph #2 deals with Ms. Coleman's .presen-
tation to the Alaska Dental Society meeting in August (see en-
closed minutes) . Although she did not directly speak of an
imminent fee increase, the minutes reflect the current planned
expansion of her offiae to include a full-time inspector for the
Anchorage area. Also, Ms. Coleman reported that there hasn't
been a consistent pattern of inspection for the last six years
since Dr. Hydersdorph left. Naturally the question becomes how
does she plan on meeting her objectives without additional fund-
ing. The current fees provide her office with $72,000 - $7~,000
per year and thia supports Ms. Coleman.,, a second inspector, and a
clerk. Instead of helping build another bureaucratic dynasty
with their dental fees, | think the citizens of Alaska desefve a
safer more predictable end efficient means of x-ray inspection.
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Paragraph #3

The third paragraph in Dr. Nakamura's letter deals with an x-ray
inspeation of our ~lfice in 1993. | mistakenly reported no
inspection for at least ten years in an earlier letter. In fact
an inspector visited while we were at a continuing education
course in August of 1993. Our biomedical equipment technician,
Dan Anderson, handled the "items of non-compliance” au stated in
the September 10, 1993 report. Since Mr. Anderson couldn't find
any "unattached chords” or "drifting tube heads"” as the report
indicated, he responded that no corrective measures could be
taken. The matter was never brought to my attention and thus the
inaccurate report in my first letter for which |I apologize. It
should be noted that the inspection described above cost my
patientB $2750.00 if we assume one inspeation every five years.

Paragraph #4

This paragraph is misleading because it doesn't adequately define
the term "overexposure" . X-ray dose equivalents are measured in
rems. Currently the federal government standards allow for an
individual to receive 5 rems per year with no harmful effects.
Most "overexposures" are measured in mrem (millirems) . If one
millirem is used to expose a film more than is necessary, hen an
"overexposure™ has occurred. However, it would take more than
5000 of these millirema just to receive the dose equivalent
allowed by the federal government. So we are talking about
extremely small amounts of radiation here* Xn fact, the amount
of x-radiation a patient receives for a full mouth, series of x-
rays (20 films) has been compared to the amount of x-radiation
received by standing outside on a sunny day with ones shirt
removed. According to the head design engineer at Gendex (the
leading manufacture of dental x-ray equipment) the types of x-ray
sources used in dental offices are incapable of emitting harmful
doses of radiation. This is also according to the strict per-
formance standards set by the FDA
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Also in this paragraph Dr. Nakamura lumped dental x-rays with
medical x-rays. The graph he provided speaks only to medical x-
rays. Tt should be noted that x-ray dosage for diagnosis is tiny
compared to that used for therapeutics (eg: treating leukemia).
In dentistry, we only use x-rays for diagnosis (very small

doses).

Dr. Nakamura goes on to state that the over exposure potential in
Alaska is "extreme" since we lack regulation requiring dentists
to post proper x-ray technique guidelines in our offices. The
State of Alaska already tests each dentist on their knowledge and
skill in dentistry when we take the State Dental Board Examina-
tion. Since eaah participating dentist in this state have passed
the exam, there should be no need to duplicate the function of
the exam with further regulations and inspections. Proper tech-
nigue in taking x-rays is the only way to get a good result so It
is in our best interest as well as the patients to follow proper
procedure. To date, not one instance of any adverse reaation to
dental x-rays has been reported in tho state of Alaska before or
after x-ray inspection was began in 1986. In fact if there was a
risk it would be to the dental office personnel who are around
dental x-rays everyday. The National Council on Radiation Pro-
tection and Measurements (NSRP) currently recommends a maximum
permissible dose equivalent from occupational sources of 5 ram
per year as described earlier. When 231 dental personnel in 72
private offices were studied, a mean one month exposure of .Olrerm
(range of .005 to .06 rem) was reported in the study. This means
it would take approximately 100 to 5000 months to exceed the
current annual 12 month federal standard of 5 rems if you worked
in a dental office. It should be noted that this study was done
before Alaska even had a dental inspection program. | remain
curious aB to the problem that the bureauaracy was trying to fix.
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Clearly there is ample evidence of adverse effects of radiation
in sufficient doses. There is at present no proof of such ef-
fects from doses employed in dental practice. Most experts now
agree that there may be a small/ difficult to quantify risk of
cancer or genetic mutation from diagnostic exposure during work.
Prudence dictates acceptance of this position until proof to the
contrary is available. However, these riskB are not “extreme"” as
Dr. Nakamura suggests. Recent analysis suggest that cancer risk
to a patient from a dental radiographic examination is on the
order of one in a millioni the genetia risk is substantially
lass, about one ia a billion. So lets look at other things
people do in their daily life that have an order of magnitude of
risk similar to a series of dental x-rays.
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Paragraph #5

Here Dr. Nakamura is again less H/han accurate when he describes
the maintenance capabilities of technicians typically hired to
work on dental equipment. Dan Anderson is the biomedical, equip-
ment technician | referred to earlier. He rune a very small
operation compared to most but he uses a $3000.00 meter capablo*
of 2% resolution on kV measurements that he .ss» 0On our Xx-ray
equipment. According to Dan, he doesn't know of any equipment
technician who doesn't have instrumentation for measuring kVP as
Dr. Nakamura states.
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Also, Dr. Nakamura leads one to believe that a dentist would
intentionally alter his x-ray equipment to perform differently

that the stringent federal requirements | eluded to earlier.
This simply does not happen. There is not one case to support
this claim. A dentist would have no reason to alter his x-ray

equipment nor would most dentists be technically capable of
altering x-ray equipment.

To address quality assurance for x-ray film processing, these
days its all automatic with etate-of the -art'processors that
maintain proper temperature and replenish solutions automatical-
ly. These processors on occasion require some service in which
case dentists typically rely on a biomedical technician never an

environmental scientist.

Paragraph 6

The following is a direct quote from the conclusion of Dr. Naka-
mura's letter which the author presents to justify bureauaratic
fees for x-ray inspection. However |I feel that it supports my

case much better than it supports his.

"Presuming that one million x-ray procedures are performed
each year in Alaska and as a result of state inspection
each exposure is reduced by 10 millirem (.01 rem) : then
10,000 rem are saved each year, the equivalent of one
theoretical life. The question becomes how much is it
worth to save a life? Fifty dollars per tube soon
becomes a very insignificant investment."”

Certainly you can understand dentistry's frustration when we are
dealing with this >ype of reasoning. Basically what he is saying
is that if 10,000 mosquito bites could kill you, and the average
person receives siXx mosquito bites on an average evening in
Alaska, then we should have a bureaucrat fly around the state
picking one mosquito off of the 10,000 Alaskans to save one
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"theoretical life." Also the fifty dollar cost he refers to
translates into $2750.00 per inspection for our office, or
$2,250.00 for the dental patients in Alaska to pay during my
practicing career.

CONCLUSIONI

There has got to be a reasonable solution to our problem - there
is. Current federal guidelines require each x-ray machine be
registered by the state in which it is used. If you recall,

Montana has a one time $100.00 on Bite inspection to register a
newlly installed x-ray machine. This would solve both dentistry's
problem and governments problem and everyone would be satisfied.

If the concept of periodic inspections is too difficult for
government to give up, a biomedical equipment technician could do
it in a fraction of the time and cost every five years just as we
redo our CPR training every two years. The technician 1s on site
from time to time anyway. He could just fill out a form and mail

it to a clerk.

If some folks in government still need "government inspection”
there is a thermolhuminescent device (TDL) which California mails
to its dentists every 5 years. It is then exposed and returned

to the government agency for inspeation.

Respectfully Yours,

Michael J. Helmbrecht, DUS

vu>
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Risks From Dental Radiation

in 1995

Robert P. Langlais DDS, MS and Olaf E. Langland DDS, MS

hen an individual Is for estim ating the risks from radiation damage to newborns did not occur In
exposed to ionizing radia- are the United N ations Scien tific doses below 200 rnSv > the geneUc tis-
tion from a dental X-ray Com m ittee on the Effects of Atom ic sues.7 W hite concluded that the risk of
o *
nilchine, the postulated Radiation (UNSCEAR J; tpe comm ittee heritable defects fror . dental radiology
risk from this procedure Is on the Biologic Effects of ionizing Is negligible.! It Is thougnt that expo -
tlife induction of damage Radiation (BEIR) of the United States sure to denial radiation of the fetus in
to either the som atic or N ational Research Cowuncils and the utero could resultin m entalretardation
genbttc tissues of the eJkpbscd person. Intern ation al Comm lIsion on of the newborn at threshold doses of
Soudatic tissues Include all tissues of the Radiological Protection ( ICRP . 0.12-0.2 Sv: however, since the uterine
body exfceptthe Sperm and oW m , which W hen genetic tissues axe exposed to dose from an FM X s less than O .0 Ip
are genetic tissues s v th e risk o f
ohslble for trins-
( P m ental retardation
A . -ttirig Specific traits from dental radiol

froni one generation

the ndxt. th e

ogy Is considered

nonexistent.1

t ost radiosensitive Therefore, the

m atlc tissues ex- risks from dental
posed to dciltal TAdtation are es-
sources of radiation sen tia lly to th e
4hd tilt type of tlArri- SomatIC tissu e s,
age Inducfed, Are: ralhe_r th an th e
bone niariow and mc‘wgueg, and
Itiu kem la; thyroid th e risk m ay b e
gland arid thyroid higher than pre-

cdhcer; the lens of .
vious estim ates

the eye ahd cataract Risks are defined
fd fm atlon. Accord- d ifferently de -
ing to W hite, sail- pending upon
vdry glands, especial- w hether the per-
ly thfe parotid gland, son IS occupation -
also Are bt Usk Iot_ a lly exposed, as
the dfevelbphlent OI for a dental
rrtallghaht salivary healthcare w orker
gland disease.1*3 In a (D HCW ), or
revteW of tuirent methods of estim ating radiation, there is a risk of n tongenItal w hether the exposure results from
risk, W hite found thatlow doses of radi- or heritable defect. The goriadnl| dose being n patient Because we will be
ation, in the range ol10.2 Gy ot less, car- follow ing a full m onth survey (FM X) is referring to quantities of radiation In
ry mote risk or causing cancer than was less than O .OlpSv In an adult feinale; several different radiation units, table
jprecviously thought* for m ales, it i 10 psv or less.1 ils included to Illustrate the va i
Ttti agencies m ost frequently cited Hiroshim a survivor data indicate that equivalent doses
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Table 1. Dose Conversion Table

(itib MHIl or 1,000th)
(100 rem «1 Sv)
(1 rad = 1 ram)

ADR

> -ii

SAFETY

(p * micron or 1.00Q.000lh)
(100 rad
(1 Gy =<1 Sv)

=1 Gy)

lerad/mrem rad/ram Gyl/Sv mGy pGy

w o1 0.001 0.00001 0.01 10
1000 "% AL V=YY" 0.01 10 10000

1.PRBWP ..... ..m 1. 1000 1000000
100 01 0.0001 1000
0.1 0.0001 0.000001 0.0001 Y kv

Maximum Permissible Doses

The National Cotundl on Radiation
Protection and M easurements (N CRP)B
and the Internatiohal Com mission on
have

Radiological Protection (ICRP)6

defined M PD as the m axim um perm is-
sible dose equivalent that an occupa-
tionally exposed person or parts there-
of shall be allowed to receive in a stat-
ed petlod of tim e The definition
fem bodles the printtple that cells can
repair hildIntlon damage and that dif-
ferent tissues have varying radlosensi-
'iV Itics, Stated m ore sim ply; M PD is the
w tim U m dose of radiation sustained
a period of tim e thata person tan
iibsbrb w ithout appreciable Injury, tire
M fb s for both O ccupationally and
"fton-occupatlonally exposed persons
excludes radiation received from envl-
ronitlental/riAtuxal background sources,
for Vvhich thfc arinual effective dose Is 3
InsSVv, and artificial radiation (such as
inedlcal arid dental exposures), for
W hich the annual effective dose Is 0.6
hisV .* These exposures are excluded
beciUse they canhot be controlled.

D ifferent M PDs have been devel-
oped for otfcupatlonally exposed per-
soni than fbr patients A ccording to
the tndstrecent guidelines provided by
the N CRP,9 the maxim um perm issib le
effective w hble body dose lo an occu-
pationally Exposed dental healthcare
provider Is|50 msSV; for the general
public, It isll mSv» However, because
different tlssUes and organs have vary-
ing SenlitlviH es to tadlatlon, the equiv-
alent dose ilrhlts vary among these tls-
IIi_cs. For exam ple, the M PD to the lens
Ilhe eye fdr occupationally exposed

ptrsoniis 150 m Sv; It is 500 m Sv each

MvoL ji no.s I’WIQ\IS

for the skin, hands and feet. For the
general public, the M PD is 15 m Sv for
the lens nnd 50 m Sv for the skin
For occupationally exposed preg-
nant workers, the M PD Is 1/10th the
normalrecommended M PD .9
Dental HCW s who arc not occupa-
tionally exposed have the same M PD as
for the general public. At doseS equal
to the M FD, the risk is not zero, but It
risks

Is sm all and consistent w ith

encountered In other occupations.
Thus, no m atter how sm all the dose,
there m ay be som e effect.™

According to ICRP, no 111 e ffects or
In juries have beeen encountered as a
result of exposures w ithin the Ilim its
defined by the M PD .S It should be not-
ed that N CRP and ICRP are private
nonprofit organizations; therefore,
th eir recom m endations do not carry
the force of law However, m ost Federal
ahd state radiation regulatory bodies

follow these recom mendations.

312) 440 2508 o M h4
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Risk From Dental Radiation

dental radiation often

Risk from
referred to in term s of absolute risk, is
expressed as the number of cxja fatal
cancers in a given tissue or organism
per m illio n X -ray exam in ations.
According to the BEIR V and the 1990
ICRP reports, the relative risk m odel Is
the m ost appropriate way to estim ate
risk In 1992, W hite* com pared the risk
of fatal cancers per m illion full m outh
surveys (FM X) to that of panoram ic

radiographs (PAN). His data were based

on FM Xs exposed at 70 kVp, D speed
film and round open-ended cones
(P1D) and PA N s U sing rare earth
screens For bone marrow , he reported
0.7 extra cancers per m illion FM Xs and
0.06 extra cancers per m illion PANs.

He also noted 0.1 and 0.01 extra can -

cers of the lung respectively for the
FM X and PAN exam inations; 0.1
(FM X) and 0.02 (PAN) extra carlcers of
the esophagus; 0.8 (FM X) and 0.06
(PAN) extra cancers of the thyroid
OversQl, w hen all tissue sites were con -

sidered, W hite found 2.5 extra cancers

per m illion FM Xs and 0.21 extra can -
cers per m illion panoram ic exam ina-
tions. Danforth ahd G ibbsll have stat-

ed that die risks from dental radiation
com pare w ith sim ilar one In a m illion
risks that we take every day; for com
parison, see table 2 .12

According to severalreports,1-* there
m ay be an increased risk of m alignant
parotid salivary gland tum ors associat-
ed w ith dental radiation. In his review

W hitel reported an overall 10-fold

Table 2: One In 1 million risk of fatal outcome

Risk

20 minutes as BO-yenr-old mala
2 months In Denver, CO

10 miles by cycle

300 mlleb by automobile

10 days typical factory work

1 cigarette

500 ml wine

125 mlwhiskey

1600 ml beor

0.1/10/97 14:20

TX/RX NO.0945

Outcome

natural death

cosmfo radiation
accident

accident

ncrident

chemical carcinogens
alcohol-related death
alcohol-relaled death
alcohol-related death

P.014
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Increase In the risk of developing can- kllovoltages of 70 kVp or less. These rectangular cone was 270 pGy. For the
cer from the Intraoral full m outh sur- devices are less desirable than those parotid gland, the dose for the FM X
vey aj compared to the panoram ic capable ofsettings up to 90/100 kV p. was 5,236 pGy, and for the rectangular
exam ination Unnderhill and col- The use of the long cone (PID) has cone, 859p Gy, a considerable savings
leaguesl3 Included the salivary gland alw ays produced a lesser absorbed rad i- ‘In dose.22 Underhill reported a risk of
data in theirstudy, and found a 15-fold ation dose to the patient than the 7.1-17 extra cancers for the FM X using
increase In the risk of developing a short cone (PID ).30 This 1- because the the long round cone, w hile the risk
radiation-induced cancer using FM Xs collim ator on nn eight-inch short TID using the lohg rectangular cone w as
as compared PANs. Is about the size of a nlckei, w hile die 2 .5 -6 .6 e xtra cancers per m illion
The risk of radiation damage to the collim ator fct a long 16 -Inch P 1D is FM X s.13
eye Is cataract form ation The lype of about the size of a dim e Thus, with The leaded apron is useful In pro -
dose response curve used In estim ating the sm aller colllm ntor less of the tecting the patient from scatter radIn-
th is risk Is the th resh o ld type as patient's tissues are Irradiated, reducing tion . Scatter radiation occurs after the
opposed to the linear type. This means ihe secondary radiation doses to the prim ary beam passes through the
very little damage' can be detected Bt patient. Secondary radiation occurs patient and bounces off dense objects
doses less than the threshold dose, w hen photons of radiation bounce off In the room , rcexposling the patient
w hich for radiation-induced cataracts dense tissues such as bone and are red i- Thus, the leaded apron designed for
of tire eye la about 2 Gy when the dose rected to another part of the body to Intraoral radiography should cover the
is received In a single exposure.14,16 produce exposures at distant sites, such th orax and abdom inal area In
According to BEIR V , it Is more than 5 as the gonads Because this redirected panoramic radiology, the poncho type,
G Y when the dose Is received as m u lti- radiation Is internal, the use of protec- w hich hangs from the shoulders and
ple exposures over a period of weeks.5 tive aprons is of Ilim ite d value in protects both the front and back sides
W hen long round open-ended cones shielding patients against tills type of of the patient Is preferred. This |Is
are Used, the single film dose to the eye radiation. Because ofthe inverse square because both the front and back of the
Is 0.5 m Gy, whereas for the panoram ic law ,21 the exposure time for the long patient are exposed in panoramic x-ray
It 1$ 0.09 roGy per PAN .14*15 Thus, tire cone w ill be four times longer than for projections.22
dsk of producing damage to the eye in the short cone to produce film s of the Tire thyroid shield can be used for
L — --ntfll radiology is rem ote. same density If the film speed, kVp and intraoral radiography, but should not
The reported gonadal dose from an m A are kept constant. However, be em ployed In panoram ic radiology as
FM X ranges from 2 to 20pGy with the though the radiation exposures to lire it-w ill absorb portions of the lower part
protective apron In place .17 The film are the same, as stated previously, of tlie prim ary beam and produce voids
gonadal dose in panoramic radiology is m ore tissue Is exposed w ith tire use of in the image. It Is Interesting to note
m uch Idss tliart/ih e FM X dose when the shortcone thatiIn spite of thfe thyroid shield being
the protective Apron is In place, as the Though the short cone may be more In place for tite FM X, Underhill teport-
harrow silt beam of radiation Is direct- convenient, the selection of a m achine ed doses of 628 p Gy for the FM X wusing
ed from below it an upwards angle of w ith a recessed anode design has the the long round cone, 270 pGy for the
5-7 degrees.18 convenience of a short cone anu w it FM X wusing the long rectangular cone
dose reduction advantages of the long nnd only 47 |i Gy for Lite panoram ic
ReduCing Patlent Dose PfD . To assess true cone length, study w ithout the tliyroid shield .22
A dvances Id technology, greater the machine specifications or measure Using faster fih n can reduce expo-
patient awareness and the application from the dot representing the location sure by a factor of 40 percent to 50 per-
bf new devices by dentists oiler many of the focal spot on the hibehead to cent.23 in the U nited States, this w ill
opportunities for reducing the dose of the tip of the cone. However, recessed m ean using th e new KO D A K
radlatloit to patients. anode tubeheads are difficult to find at EKTA SPEED P lu s film Inste ad o f
The Use of higher kV p results in less the present tim e . KO DAK D speed film . The recommend -
radiation absorbed by the patient. In Using die long PID w ith rectangular ed processing solution for tills film Is
general, higher kVp radiation Is m ore coU Im allon w ill further reduce patient the KO DAK Rendym atic chemicals. The
penetrating, resulting in less of the doses from th ose received w ith th e recommended darkroom safcllght Is a 7
radtttiori being absorbed by the super- long round PID . Rectangular colllm n - 1/2 w att bulb w ith the KODAK GBX Il
ficial soft tissues. Therefore, a lesser tlon can be achieved by Precision film filter at the usual four feel from the
amount of the higher kVp radiation |Is holders, RInn or M ajgraf rectangular counterlop.
needed to expose the film . In one PIDs or die RInn stainless steel rectan -
sludy, there was a reduction of up to gular collim ator attached to die end of PAN vs FM X
23 percent between comparable tlensl- tire round PID. Underhill reported the Selecting a panoramic radiograph in
ty.radlogrnphs (overall darkness ) w ith dose to die thyroid gland for a 20 -flirn lieu of tho intiaoral full m outh survey
A"Bp~A"nCTease In kv p from 70 to 90 .19 FM X using the long round tone Is G28 w ill result In a sig nificant savings In
ATO da, motty x-ray machines have fixed pGy, while the dose using the long radiation dose to the patient without

SL IS NO.t HAY J«»»
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necessarily com prom ising the diagnos-
tic benefit of the radiographs. W hile
estim ated that there Is about 10 tim es
less radiation dose to the patient ftom
the panoram ic radiograph th an th e
FM X .l

W hite has advocated including the
salivary glands, p articu larly tlie
parotid, as tissues at risk for the devel-
opment of extra cancers as a result of
dental radiography. In 1988, Underhill
arid colleagues com pared doses to the
salivary glands ftom FM X s to th ose
from PANSs. They used E speed film , 90
kv p and the long round open-ended
P ID for th e FM X's and rare earth
screens for the PANSs. They reported the
follow ing doses for the parotid gland,

the FM X delivered an aveiage dose of
5,236 pGy versus 670 pGy for the PAN
nearly seven tim es less radiation for
the PAN For the submandibular gland,
the FM X delivered an average dose of
8,984 jiGy versus 375 (iGy for tho PAN,
24 tim es less radiation for the PAN For
tlife sribllngual gland, the FM X deliv-
ered An average dose of 7,833 pGy ver-
siis 134 pGy for the PAN, hearly 59
lines less radiation for the PAN "

Lartglais and colleAgues24 have dlIs-

'V

cUiscd Iri iom e detail evidence w hich
iorilcatel th at a properly exposed
—pdnorAmilc radiograph m ay In m any
Instances, be used to Interpret In tr-
ciproxhnalcarles, especially In the pos-
te rior region; the level of alveolar bone
‘InTthcec assessm ent of periodontal dIs-
eai&pand periapical disease ofpulpalor
periodontal origin Diagnosis of these

dental diseases previously was believed
by tnost lo require full m outh survey
und/ot bltew Ings, W hile this recom
m endation m ay not be appropriate In

nil coses, there Is m ounting evidence
thkt sUch diagnoses can be made with
the aid of properly exposed panoram ic
radiographs. This phenomenon may be
explained In part by the reports of sev-
eral Investigators w ho com pared direct
exposure Intraoral film to In traoral
screen /film linages. They found that
clinical Iddgerrtcnt seemed to be affect-
ed m ore by contrast th an by
sharpness23 and the higher contrast oE
the screen /film Im age over E speed film
seemed In com pensate for the inherent

reduction In sharpness.24 Panoramic

ADA
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film s and rare earth screens are capable
of producing sufficient contrast to dis-
tin g uish both bony and so ft tissu e
details, as w ell as the difference In den-
sities betw een enamel, dentin and
pulp.

Traditionally, resolution, w hich Is a
m easurem ent of sharpness, hes been
used as the prim ary criteria to assess
the efficacy ofan Im age; adequate reso -
lution has been the principal reason

for
for the
Scarfe a

h orizon tal

panoram

advocating

nd

aforem entioned

colleagues28
angle of

ic beam

Intraoral

c

incidence of

required

radiographs
diagnoses.27
alculated the
the

to routinely

avoid interproxim al overlap, especially
as often occurs In the prem olar area
They state th at there are several
m achines w ith Im proved orthogonal
projections available, though none of
th ese m achines w ere sp ecifically
designed on the basis of newer projec-
tion geometry data. However, since
m ost of these newer m achines are
based on robotic principles and con -
trolled by a specific com puter chip,
even older models can be updated
w hen newer panoram ic projection
beam geom etry becomes available.
W hen there Is a reduction of posterior
Interproxim al overlap and sufficient
contrast, then carles and m any other
subtle density changes w ill be read.ily
dectecteabId In panoramic radio
graphs.29

|na recent report using narrow
beam panoramic radiology (Scanora/

Soredex), Tam m lIsald and colleagues30
found the panoramic Im age was better
than Intraoral radiographs for detect-
ing periodontal and periapical pathol-
ogy. Langlals and colleagues2* report-
ed th at som e In vestigators h ave
observed that periapical rarclactldn of
bone Is detected m ore easily on the
panoramic radiograph than 1Ilhe corre-
sponding periapical, though the rea-
son for this so far defies full explana-
tion .

Radiation doses from panoram ic Xx -
rays can be further reduced by approx-
im ately 40 percent by placing a filter
of tare earth screen m aterial over the
narrow silt panoramic co llim ator
w ith out appreciably affecting Im age
quality.

03/10/07
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Direct Digital Imaging

The Integration of direct digital x -
ray Im aging may reduce the radiation
dose to patients, fntraoral direct digital
system s average about 50 percent less
radiation than the fastest current film
based Im ages N arrow beam digital
panoramic devices have the potential
of reducing radiation dose by at least
50 percent when these new m achines
are Introduced to the market, m ost
likely In 1995,

Several review s on digital Im aging

have been presented.31-33 Two types of

Intraoral digital system s currently are
available. The first Involves a screen -
producing fluorescence transm itted by
a fiberoptic bundle to a charge coupled
device CCD and then to the com puter
or a direct exposure CCD type of detec-
tor. CCD s transm it the Image Inform a-
tion to the com puter by a line sim ilar
to a telephone wire, thus allow ing
Instantaneous view ing of the Im age.
These CCD detectots are narro+ver than
number 2 periapical film , so m ore
exposures may be required for the full
m outh survey. Therefore, the reduction
In radiation from taking an FM X with
a CDD digital device may be mislead -
ing

The second type of detector is an
Im age storage phosphor plate This
type of detector has no wire, but m ust
be placed Into the com puter via a read -
out device w hich processes the stored
image electronically in to a digital
Im age form at.

Each of these digital inbaoial sys-
tem s has advantages and disadvan
tages, but both have the follow ing fea-
tures In com m on less prim ary radia-
tion and dim inished scatter per Im age;
no film or chemical processing and

associated devices, chemicals, m ainte -

nance and space needed; long-term
savings as thetc Is no need for m ateri-
als ar.d supplies such as film , m ounts,
chemicals for processing, processor

m aintenance and Infection control;

sim p lified Infection control procedure

requirem ents; mpld Image acquisition;

im proved convenience and labor cost

savings; few er retakes because the den-

sity or contrast can be altered by digital
Im age adijustm ents in the com puter;
expanded diagnostic yield by Im age

UAX »W« CTMIOImNAL 37
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subtraction to detect early caries or

periodontal disease; tepid consultation

by a faxilke transm ission to one or sev-

eral colleagues W ith com patible equip -

ment; and better patient patient com -

m unication! by use television m oni-

tors tb explain the patient's oral condi-
tion Several panoram ic system s also
are available Or are under development
and W ill have digital features sim ilar to

th ose oi the direct digital system s

described

W hatever system Is In use, retaking

any radiograph doubles the radiation

dose to the patient for tiiat im age. The
obvious answer to this problem Is lo

strive for perfection In technigques by

continued learning. Dental healthcare

w orkers have become adept at Lntraoral

radiography over the centhry since

Roentgen's discovery of X -rays |h

Germ liny in 1895 Intraoral fllm -p o sl-

dBhlirtg and beam -indicating devices

ari helpful, asis strict adherence to the

H 1& nU facturet's in structions w ith

autom atic processor opera-

regard to
tion and m aintenance.
b e lie f th at

It I's th e authors’

paHortimlc radiology equipment, first

introduced 35 years ago, although very

populit, Is less well understood than
conventional Intraoral radiography
The jlifcnoramlc system is generally

unforgiving of patient positlohlIng and

other' technical errors, yfect tro u -
bleshooting the iriiagc Is very Sim ple to
Using panoram ic

le itri. The first step In

propfetly ts to recognise

radiography

deficiencies In Im age gquality and pro -

jection geometry Once that s accom -

plished* training of dental x-ray tech -
nologists beobmes tt rather sim ple pro -
cedure.'As a result, the diagnostic qual-

ity Of your panoramic tadJographs w ill

im prove Im m ensely.

ttcdudhg Operator Risk

" The following rieconimendntions, as

Iterated by Precce,3* haVe been In prac-

tice for tmuiy decades.

rn Stand at least 6 feet away from

the patient and Irt tire safe quadrant,

Whltll 1Sa pOstUon beWfecn 90 ahd 135

degthes to the primiry bfcam.

I d'Wheri dirfdhce and position

ifgiiJfemeftts c&nnot he met, stand
-Mdifh Itid kn |tantmcab|e barrier, SUCh as

'OL U HO.i MAY IWS
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a leaded w all or other sim ilarly effec-

tive m aterial such as concrete, cln -

derblock or a double thickness of

shectrock.

m Do not hold the film or other

devices, such as the tubehead, during

exposure. j

For personnel w ho arc w onted

about being exposed In a dental office,

m onitoring devices nre available w hich

m easure the exposure.

accurately

M o nitoring devices should not be

w orn when dental personnel have

radiographs taken on them selves as

patients. Under norm al circum stances,

personnel radiation m onitoring Is nei-

ther recommended by the authors nor

Is It required by m ost states

The risk from exposure to radiation

lias alw ays been a consideration In

w hat we do for our patients and Staff.

The risk to patients for the very sm alt

doses received tn dental radiology,

although still acknowledged as slight, Is

believed to be greater (UNSCEAR 1988,

BEIR V 1990 and ICRP 1990) than Indi-

cated in previous reports. W ith current-

ly available devices and m ateria* fur-

ther decreases In patient exposure are

possible. The risk of occupational expo -

sure In dental radiology Is virtu ally

nonexistent when appropriate radia-

tion hygiene practices are In force

Authors —
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N early a century after its
discovery in 1895, x-radia-
tion remains a controver-

sial diagnostic modality. It has
been associated with several risks
and side effects, some of which are
difficult to substantiate. Despite
the controversy, radiography is a
reliable and convenient diagnostic
aid for the dental profession. This
article will discuss relative risks as-
sociated with dental x-rays and the
mechanisms available to reduce
those risks.

Radiobiologic Risks

|0|o cR|s sandtgf
aX| ermissible Dose

X-radlatlon isanionizing form
of electromagnetic radiation.
When absorbed in human tissues,

642 Compwid Contin Woe Dittit, Vo(. XIV, No. S 7 * A .g y.7

Learning Objectives

After reading this article the reader should b: able to:

» define and list the maximum permissible dose for occupationally
and nonoccupadonally exposed individuals.

 list foursources of naturally occurring background radiation.

» discuss the dose and risk considerations for each critical organ

with regard to dental x-

radiation exposures.

e list methods available to reduce dental x-radiation to the patient.
» describe how collimation affects patient exposure to dental

x-radiation.

Table 1—Annual Maximum Permissible Radiation Dosesl

Occupationally exposed
(includes dental workers
who take x-rays)

Nonoccupationally exposed
(the general public)

energy levels of this magnitude al-
ter the electrostatic charges and
molecular bonding of complex
structural and regulatory proteins.
Such changes can affect the basic
conformation of cytoplasmic and
nuclear organelles. These alter-
ations increase the risk of perma-
nent, demonstrable damage to the
tissues by slowing, accelerating, al-
tering, or stopping their normal
biologic function.

Because of these risks, the Inter-
national Commission of Radiologi-
cal Protection (ICRP) has defined a
safety limit for tissue exposure to

03/10/97 14:20

5,000 mRcm (50 mSv)

500 mRem (5 mSv)

ionizing radiation below which the
risks are considered minimal. The
safety limit is referred to as the
maximum permissible dose
(MPD). Morespecifically, this dose
can be summarized as the amount
of radiation received chronically or
acutely over a lifetime, which, in
light of present knowledge, is not
expected to cause appreciable
body injury.1The annual MPD val-
ues are listed in Table 1.

~ The MPD? forindividuals work-
In

exposuM™jvhjch includes deniar
personnel) is IfrHmcs higlrtftfatn

<o \NOAr Ysea r'’/o
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fjl-tiie general population (ie, non-
occupationafexpOsurel.'Dccupa-
Honajjy exposed personnel are as-
sum|d to be wllHfcg to accept a
higher risk of radiation exposure for
the lifestyle attained by theirem-
ployment. Yet, ifall radiation work-
ers were to realize this tenfold in-
crease in radiation exposure, it is
not expected to affect the mutation
rate of the whole population forany
pathologic entity.

The ICRP has a lower MPD for
occupationally exposed women
who are pregnant. They have the
same MPD as the lay population.
This is to protect the fetus, which
should not be considered occupa-
tionally exposed.

The ICRP has recently suggested
lowering the MPD values to 200
mRem(2mSv)/y.1 This limit is
presently being reviewed by sev-
eral organizations.

Enwronme tal and
|agnost|c adiation

MPD values were established
because people are regularly ex-
posed to naturally occurring envi-
ronmental sources of ionizing ra-
diation (Table 2). Consequently,
biologic systems are constantly ex-
posed to these sources of radiation,
which must be considered within
the range of tolerance. Radon and

312 440 2536 P .02

its decay products are

the major sources of Eﬂcb|e 2 —Average In?mduaIAnnual

naturally occurring gctwe Dose Rate of lonizing
background radiation. adiations’

Mote: the average whole-

body exposure limits Natural mRem mSv
are below the MPD val- Radon 200 2.0
ues for occupational Cosmic 27 0.27
and nonoccupational Terrestrial 28 0.28
Individuals. Internal 39 0.39
/"M edical and dental .
diagnostic x-radiation Acrtificial

exposures can also con- Medical

tribute to the annual X-ray diagnosis 39 0.39
whole-body exposures. Nuclear medicine 14 0.14
However, these values Consumer products 10 0.1
are not considered in ¢ %

MPD calculations'be-

di tic x- - .
oo assumed to oo bt Table 3—Critical Organs and Their
eiicial to the li/e span of Potential Risks

an individual. Note the

- Organ Risk
relatively low dose i )
equivalent for diagnos- Skin Carcinoma
tic radiation compared Bone Leukemia
to the naturally occur- Gonads Mutation
ring sources of back- Eye lens Cataracts

Thyroid gland Carcinoma

ground radiation. The
sum of all of these pro-
cedures remains below

Embryo/Fetus Congenital defects

MPD values.
- osensitivlty or proximity to the
Crltlcal OrganS dental beam, are possibly vulner-
Critical organs affected by den- able to pathologic or life-threaten-
tal x-radiation are defined as the ing sequelae.1These critical organs
tissues that, by virtue of their radi- and their potential risks are listed

Gngnntisshoulon‘toperatewhileyouco..
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in Table 3. The dose and risk con-
siderations for each of the critical
organs are discussed separately.

Skin

Dental exposures for a full
mouth series of x-rays vary consid-
erably, depending on the tech-
nique used. The type of film speed,
kiiovoltage, filtration, collimation,
etc, all affect the amount of expo-
sure. Several do9imetry studies
have shown thata trend for de-
creasing exposures isevident4 Ac-
cording to current ICRP data, a full
mouth x-ray series using 70 kV, D-
speed film, and round collimation
yields an average effective dose of
840 mRems (8.4 mSv).5 A full
mouth x-ray series procedure
taken with D-speed film, round
collimation, 80 to 90 kV, and a 16-
inch long-cone focal distance, has a
maximum cumulative skin dose at
any one site of approximately
1,250 mRem (12.5 mSv).6The ap-
proximate skin dose from the in-
traoral exposure of one diagnostic-
guality radiographic image with
D-speed film is 200 mRems
<2mSv).4Increased risk to the ear-
liest type oTskin canceris not evi-
d"TTBelowuioa™eyels*oT*"O00
MmKimjT(25Q>mSv).8Keeping the
proper risk perspective (according
to these numbers), carcinoma in-
duction from dental radiographic
exposures that are approximately
1% to 5% of acute threshold doses
seems very low.

Bone Marrow

Leukemia induction is the major
risk associated with x-ray expo-
sures of bone marrow. Approxi-
mately 5% of the bod/s bone mar-
row gets exposed from dental
radiographic procedures. The bone
marrow dosage ranges from 1to
3inFems (.01 to .03 mSv) for 1 ex-
posure and 9 to 14 mRems (.09 to
.14 cnSv) for a full mouth x-ray se-
ries 6W hole-body exposures of
5,000 mRems (50 mSv) are re-
ported to increase the risk of leuke-

6M Cwnpertd Cootin Siluc Own, Vot. XJV. No. 5
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Tabic 4— Quality-Assurance Measures

= Xx-ray equipment testing and maintenance
= good radiographic technique (k*. film placement, reversed film, etc)

using film holders
= proper exposure parameters

« proper film handling before and after exposure

= proper time/temperafaure film processing

< darkroom maintenance to prevent film fogging (le, cheddng for
light leaks, stem tg film at proper temperature, etc)

mia induction. LLnus?showed no
significant increase in leukemia
risk from long-term (chronic) frac-
tionated doses of up to 30,000
mRems (300 mSv).

Gonads

Dental x-ray exposure to genetic
tissues in the gonads results prima-
rily from secondary scatter radia-
tion off the skulL The gonadal scat-
ter exposure from a standard full
mouth x-ray series is about 0.5
mRems (0.005 mSv).tTim dose can
be reduced by 95% by using a lead
apron. The average daily gonadal
radiation exposure from natural
background radiation is0.15t0 03
mRems (.0015 to .003 mSv).6The
full mouth x-ray series gonad expo-
sure with lead apron protection is
about seven times less than the av-
erage daily gonadal exposure of the
US population from background ra-
diation. At higher elevations (ie,
Denver, Colo), these doses double
because of the earth's proximity to
the cosmic sources of background
radiation.*1Radiation doses of this
low magnitude have very little ef-
fect on the genetically significant
dose of the TISpopulation, ie, the
dose of radiation required to affect
genetic mutation rates.

Eye Lens

Cataract formation is very de-
bilitating and can eventually cause
blindness. Exposures of greater
than 200,000 mRems (2,000 mSv)
axe required to Induce cataract for-
mation." The standard full mouth
x-ray series yields a lens dosage of
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60 mRems (0.6 mSv). Again, it
seems highly unlikely that dental
exposures, which are 0-0003% of
the threshold, contribute to this
problem. They do contribute to a
cumulative dose for cataract for-
mation. However, fractionating
the dose to this degree decreases
the harmful effect9

Thyroid

Radiation doses of 5,000 to 7,000
mRems (50 to 70 mSv) are required
for thyroid carcinoma induction.6
The thyroid exposure during a
standard full mouth x-ray series
is about 23 mRems (0.23 mSyv).
Again, carcinoma induction from a
dental x-ray beam is very unlikely.
It is also significant to note that of
all the neoplasias affecting hu-
mans, thyroid cancer has only a
10% incidence of mortality.10

Harmful effects to the thyroid
gland in children may be more sig-
nificant because growing children
have more active metabolic rates.
The use of the lead thyroid collar
diminishes the exposure to a negli-
gible amount

Embryo/Fetus

Dental x-ray exposure of preg-
nant patients is not recommended
except in an acute emergency
where the benefitof the diagnostic
information far exceeds the radia-
tion risk to the fetus. The National
Council of Radiation Protection and
Measurements (NCRP) has re-
ported that the production of con-
genital defects is negligible from
gonadal exposures of 5,000 mRems

TX/W NT). 094 P. 003
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(50 mSv) or-less.” Danforth and
Gibbs"1calculation of relative risks
has shown that the chances of hav-
ing a first-generation defect from a
dental x-ray examination is 9in |
billion (le, 0-000,000,9% or 9.0 x 107%4).

The ALARA

Itis evident from the preceding
discussion that risks of long-term
biologic damage from dental x-ray
exposures are extremely low.

However, it remains very diffi-
cult to scientifically document the
long-term (30 to 50 years) cumula-
tive effects of law-dose chronic ex-
posure. Recently, it was reported
that dental x-ray exposures maybe
causing higher incidences of sali-
vary gland and brain tumors.134
This risk estimate was based on
several assumptions and estima-
tions of the number of dental ra-
diation exposures and the type of
equipment used on the patients in
their past dental treatment, ail of
which are difficult to prove. Con-
sequently, a direct cause-effect re-
lationship between previous den-
tal radiation exposure and future
canoei-could not be made.

Regardless of the accuracy of
these risk associations, radio-
biologic damage does occur from
exposure to x-radiation, bo the
ALARA (as low as reasonably

Principle

ODO

achievable) principlelsshould be
followed. This principle recognizes
that knowledge of the cumulative
long-term effects of exposure to
low levels of diagnostic radiation
may be minimal, but it still re-
mains a risk entity. Scientific data
is not available that can demon-
strate a threshold radiation dose
below which no harmful effect will
ever occur. It Is therefore prudent
that we adhere to the ALARA
principle, whereby all diagnostic
radiographic procedures use the
maximum amount of dose reduc-
tion possible. Thiswould minimize
the potential risks and any adverse
sequelae to diagnostic radiation.

Various techniques are available
lo reduce radiation exposure from
dental radiography. Incorporating
these techniques into dental prac-
tice will have a profound effect on
patient dose reduction.

Techniques for Reducing
Radiation Exposure

The NCRP isa private organiza-
tion composed of experts in vari-
ous aspects of radiation. They op-
erate under a congressional charter
as an advisory group that makes
recommendations governing the
use of x-radiation. itis the respon-
sibility of each individual state to
make its own rules and regulations

312 440 2536 P .04

regarding radiation exposure
based on these recommendations.
The Texas Radiation Control Act,
enforced by the Texas Department
of Health, is based or\ many of the
NCRP recommendations. Some of
these regulations will be alluded to
In the following discussion.

Beam Collimation

Based t'nin NCRP recommen-
dation, it is mandated In most
states that the dental x-ray beam
be no larger than 7.0 cm in diam -
eter (2.75 inches) at the patient's
skin surface. Most dental units are
sold with a 2.75-inch, lead-lined
cylindrical cone (ie, BID or beam
indicating device) collimation.
However, smaller rectangular-
shaped collimators are also avail-
able that further restrict the size of
the beam. This kind of enhanced
collimation can reduce the scatter
radiation by 45% to 95%, depend-
ing on the site in question.* Scatter
radiation is so dramatically dimin-
ished that the gonadal scatter from
a 20-exposlire full mouth x-ray se-
ries with rectangular collimation Is
the same as the scatter from 4 bite-
wing exposures with the size 2.75-
Lnch-diameter, round collimation.4
An earlier studyX4showed that
rectangular collimation reduced
the bone marrow dose by 60%.

*;]aﬂ y
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Wood etal’7went so far as to rec-
ommend tliat the scatter to the go-
nads is so minimal with rectangu-
lar collimation that a lead apron is
not needed when rectangular colli-
mators are used. Using the
smaller-size beam from rectangu-
lar collimation may be more tech-
nically demanding, but Parks'9
concluded that radiography with
rectangular collimation is no more
difficult a technical skill for novice
dental hygiene students to learn
than dental radiography with
round collimation.

Film Speed

E-speed film is the fastest, most
sensitive, commercially available
film speed. This film speed re-
duces dental radiation exposures
by up to 50% when compared
with D-speed film ” These are the
only two film speeds available
commercially for Intraoral radiog-
raphy. Exposure parameters for di-
agnostic dental films deliver a skin
entrance dosage of 100 to 200
mRems (1 to 2 mSv)/ The sug-
gested exposure limit set by Na-
tional Evaluation of X-Ray Trends
(NEXT) is 400 mRems (4 mSv),
which is a very lenient limit. Al-
though images on E-speed film
have less contrast than regular D-
speedlllm Images, thereis no loss
of diagnostic detail for caries and
periodontal evaluations and end-
odontic procedures. 2

The American Academy of Oral
and Maxillofacial Radiology
strongly recommends that the den-
tal profession use E-speed Instead
of the slower D-speed film. E-
spced film reduces exposure to
both the patient and operator by
reducing the number of retakes
necessary as a result of patient or
machine movement23

Constant Potential X-Ray
Generators

In the last 10 years, several new
dental units have become available
that produce x-radlation with a

M
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steadier stream of higher kilo-
voltage x-ray photons. Because the
x-ray beam from this machine has
a greater proportion of high-
energy photons, shorter exposure
cycles can be used. In addition,
fewer of the lower kilovoltage (ie,
lower energy) x-ray photons are
produced. Tire lower energy x-ray
photons are those in the beam that
are too low in energy to contribute
to the x-ray image, but are of suffi-
cient energy to contribute to the
patient's radiation dose. Constant
potential dental x-ray machines
can reduce radiation dose by up to
30%. Infcrex®*, Castle® HDX**, and
Heliodent®-* MD are examples of
commercially available machines
with this capacity. The only draw-
back to these units is that they are
more expensive, costing approxi-
mately twice the amount of a regu-
lar dental unit. Fortunately, the
price is not a major deterrent for
many dental offices.

High-Energy Beams

Commercially available dental
units range in their kilovoltage ca-
pacity from 60 to 100 kV. Machines
with higher range kilovoltage po-
tentials, ie, 80 to 90 kilovoltage,
have larger generators with clini-
cally larger tube heads. These
larger units also have a higher pur-
chase price. However, higher
kilovoltage beams with the appro-
priate filtration and increased focal
distances (16 Inches) reduce the ra-
diation fxposure to the patient.?
Higher kilovoltage beams produce
long scale contrast images with
many shades of gray that demon-
strate more information on tissue
density. This is extremely helpful
for the early detection of caries and
crestal bone changes in periodon-
tal disease. Higher kilovoltage

*KEYSTONE X-RAY, Inc, Dental Dlv.
Neptune, NJ 07753

BMDT DiagosticCo, North Charlleston,
SC 24411

*PcHonit Crane, A Siemens Co. Char-
kotie,NC 28224
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beams are also better for produc-
ing images for skull cephalometry.

Filtration

Filtration removes low-energy
x-ray photons from the x-ray
beam. The low energy photons do
not contribute to the image butstill
affect the radiation dose. Radio-
graphic units are manufactured
with built-in filtration, which is de-
pendenton the tube voltage. The
greater the tube voltage the more
the filtration. Adding extra filters
made with rare earth metals to the
x-ray unit has been shown to re-
duce radiation from 25% to 71%.M
Added filtration with niobium de-
creases radiation exposure by up
to 47%.% In each study, diagnostic
images were produced with mini-
mal loss of image information.
However, the benefits of a Med fil-
tration have yet to be determined
because use of added filtration also
increases the exposure time, and
hence, the tube load.

Lead Aprons

Lead aprons are generally re-
quired for all patients exposed to
dental radiation. For example, Itis a
regulation of the Texas State Board
of Dental Examiners (Chapter
U3.2) that all patients wear a lead
apron during direct exposure to
dental radiation. Scatter radiation to
the thoracic, abdominal, and go-
nadal areas Isreduced by up to 94%
with a lead apron.Z7The apron also
lias a positive psychological or com-
forting effecton the patient

Thyroid collars similarly reduce
radiation exposure to the th3Toid
gland. These collars are liighly rec-
ommended, provided they do not
interfere with the image. This pre-
cludes their use during panoramic
exposures. Thyroid collars reduce
dental x-ray exposure to the thy-
roid gland up to 94%.auv

Quality Assurance

A quallty-assurance program ir>
also needed to reduce radiation ex-
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