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ANALYSIS: (Attach a separate page if necessary)

C S S B  1 6 0 I L & C )  tra n s fe rs  regulation  o f x-ray e q u ip m en t in a d e n tis t  o f f ic e  from  th e  D iv ision  o f Public Health, 
D e p a rtm e n t o f  H ea lth  and  So cia l S e r v ic e s  to  the  Board o f D enta l Exam iners  in the  D iv ision  o f O ccu p a tio n a l 
L icen s in g , D e p a r tm e n t o f  C o m m e r ce  and E c o n o m ic  D e ve lo p m e n t. T h e  board  cu rren tly  regu la tes  level o f en try  
in to  the  p ro fe s s io n  and th e  p ra ctice  o f  den tistry - By a ssu m in g  responsib ilities in th e  bill, n e w  c o s t s  will be 
in curred  th ro u g h  estab lish ing  n e ce s s a ry  regula tions, reg istering  e q u ip m en t and requiring pe r iod ic  in sp e ctio n  o f 
rad iologica l eq u ip m en t. A n  exp lanation  o f the  c o s t s  are exp la ined  on  the  a tta ch ed  page.
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F IS C A L  N O T E

STATE OF ALASKA
1998 LEGISLATIVE SESSION

BILL NO.: CSSB I60fL & C )

ANALYSIS: (Continued)

DEPARTMENT OF COMMERCE AND ECONOMIC DEVELOPMENT' 
FISCAL NOTE CALCULATIONS

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.

Personal Services

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

Supplies

Funding provides daily desk top and other operating supplies. 1.0

TOTAL: S24.3
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g e n e ra te  the re v e n u e  fo r  su pporting  the ex is tin g  R a d io lo g ic a l H ea lth  P ro g ram  by a s su r in g  re spon s ib ility  fo r  the  F e d e ra lly  
re q u ire d  in sp e c tio n  o f m am m og ra p h y  eq u ipm en t .

jVM'*

V
P re p a re d  by :

D iv is ion :
P e te r M . N a k am u ra , M D , M P H

A p p ro v e d  b y  C om m is s io n e r : 
A gency :

P h o n e : (9 0 7 )4 6 5 -3 0 9 0  
D a te : 0 4 /0 3 /9 8

D a te :
D e p a rtm en t o f H e a lth  &  S oc ia l S e rv ices

P R E P A R E R  T O  P R O V ID E  A L L  D IS T R IB U T IO N  C O P IE S  T O  G O V E R N O R 'S  L E G IS L A T IV E  O F F IC E

Fo r further d istribution  in fo rm ation , c a ll the G o v e rn o r's  Le g is la t iv e  O ffice

P a g e  1 of 1iRav I0/99)lisnoi» «a/DAS_OHSS



M i* jy - 0 7 - 9 8  0 7 : 2 6 P P .O Z

N °  1 0(3 )

A M E N D M E N T  < 3 -

0-LS0825\Q .2 ' 
I .:tuicrbr.ch 

5/7/VX

O FFERED  TN THE HOUSE
TO : CSSB 160CL&C)

1 Page 4, following line 20:

2 Insert a new subsection to read:

3 "(c) Notwithstanding other provisions of this Act, a person is not considered to be

4 in violation of AS 08.36.075(c) or (d), added by see. 1 or this Act, unless the violation occurs

5 more than one year after the effective dale of regulations adopted by the Board o f Dental

6 Examiners to implement AS 08.36.075, added by sec. 1 of this Act."
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HOUSE COMMITTEE REPORT
Date Referred to Committee: May 5, 1998 FURTHER REFERRALS:

:

CSSB 160IL&C) 

DENTAL RADIOLOGICAL EQUIPMENT

(11)

Date of Committee Action:

The FINANCE Committee considered:

CS FOR SENATE BILL NO. 160(L&C)

“An Act relating to radiological equipment used in the practice of dentistry.”

recommends it be replaced 
with the following committee substitute

[ ] ad d it io n a l  referra l  t o __________________
[ | a t tach ed  a m en d m e n t( s )

A D O P T S : ____________ _____________________

Hce.ee> iid/r/P PJEW
C om m ittc.

_______________________________L ette r  o f  In ten t

ATTACHES NEW FISCAL NOTE(s): )Dep,> APPROVES PREVIOUS:

| ] f iscal no te(s)  _____________ [ v f  fisca l  no te(s) P C  5  D  5

[ J ze ro  fiscal no te(s) [ v^zero fiscal note(s) P H 5 ^ >  ^

SIGNING WITH RECOMMENDATIONS DP DNP NR AM

f  T h e m f x i i W X

___ n a u i d f / b X

m o / i ' i i r u X
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v /
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A M E N D M E N T  |

OFFERED IN THE HOUSE 

TO: CSSB 160(L&C)

1 Page I, following line X:

2 Insert new paragraphs to read:

3 "(1) satisfactorily completed a United States Department of Defense

4 biomedical equipment technician’s course;

5 (2) a biomedical equipment technician certificate issued by the

6 International Certification Commission for Clinical Engineers and Biomedical

7 Technology;'’

8 Renumber tho following paragraphs accordingly.

-1-
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OFFERED IN THE HOUSE

TO: CSSB 160 (L&C)

Page 1, line 9 through 15 and page 2, lines 1 through 2:

Delete all language 

Insert:

“qualifications equivalent with the qualifications established in Applicant 
Profile and Job Qualification Summary for a state Radiological Health 
Specialist I on the effective date of this Act.”



Kate Coleman 
923 D Street 

Juneau, Alaska 
99801 USA

EXPERIENCE

Alaska Radiological Health Director
• register and inspect x-ray equipment and accelerator produced radioactive 

materials
• investigate and respond to incidents involving possible over exposure to 

radiation
• maintain emergency response capability within the state and internationally
• represent the state to the Conference of Radiation Contiol Program Directors 

and federal agencies
• develop and manage grants and contracts
• provide information to government entities, industry and the citizens on the 

health effects of radiation exposure
• revise regulations

Washington State Radiological Health Manager
• supervise statewide radiological health section
• administer quality assurance anc training program
• direct the radon program working with federal, state and local agencies to 

educate the public in the detection and mitigation
• serve on a national and international policy development committee

Washington State Emergency Response Coordinator
• coordinate planning activities between counties, the utility, and multiple state 

agencies
• write procedures
« conduct training and exercises
• represent the region on a national committee to develop training and 

communication
• coordinate regional conferences

Washington State Technical Support Program Manager
• coordinate office-wide activities such as audits, regulation revisions and 

contracts
• liaison with federal agencies
• develop and implement the radiation safety program and technical library

Washington State X-ray Compliance Inspector and Manager
• direct and supervise professional staff engaged in the inspection of x-ray 

facilities



• field inspector of x-ray facilities
• generate compliance action and evaluate corrective actions
«» conduct federal contract on computer tomography

New Mexico State Uranium Mill Licenser
• develop guidelines and policies for licensing of uranium processes
• review license applications for new uranium processes
• provide public information services via press release, brochures and 

television shows

Washington State University Engineering Extension Graduate Assistant
• coordinate engineering short courses by developing program format, 

obtaining speakers, securing funding and advertising
• key word indexing

US Environmental Protection Agency Information Specialist Intern
• prepare congressional correspondence for congressman and their 

constituents
• organize a public information center to categorize and distribute all incoming

documents

ED U CA TIO N

Master of Science, Environmental Science, Washington State University, 1977 

Bachelor of Science, Broadcast Journalism, University of Idaho, 1975



State C ap ito l 
Jun eau , A la ska  9 9 8 0 1 -1 1 8 2  

(9 0 7 )  4 6 5 -3 8 7 3  
F a x : (9 0 7 )  4 6 5 -3 9 2 2

5 0  F ro n t Street, - 2 0 3  
Ketch ik n, A la ska  99901  

(9 0 7 )  2 2 5 -8 0 8 8  
F a x : (9 0 7 )  2 2 5 -0 7 1 3

Senate Bill 160 changes the 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 x-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 die 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.

D istrict A:
Hyder • Ketchikan • Kupreanof • Meyers Chuck • Petersburg • Saxman • Sitka • Wrangell

A l a s k a  S t a t e  L e g i s l a t u r e

C h a irm a n ,
Ju d ic ia ry  Com m ittee

M em ber.
Resources Com m ittee  
R u les  Com m ittee  
Com m ittee on  C om m ittees

Senato r Rob in  L . T a y lo r
Sena te  M a jo r ity  L eader  

S P O N S O R  S T A T E M E N T

S E N A T E  B I L L  1 6 0



Chairman,
J u d ic ia ry  Com m ittee

M em be r,
Resou rces C om m ittee  
R u les  Com m ittee  
C om m ittee  o n  C om m ittees

A l a s k a  S t a t e  L e g i s l a t u r e

Senato r R ob in  L. T ay lo r
S e n a te  M a jo r i ty  L e a d e r

State C ap ito l 
Ju n eau , A la ska  9 9 8 0 1 -1 1 8 2  

(9 0 7 )  -1G5-3S73 
F a x : ( 9 0 7 )  9 6 5 -3 9 2 2

5 0  F ro n t S tree t. #20.' 
K e tch ikan , A la ska  99901  

(9 0 7 ) .'’ 2 5 -8 0 8 8  
F a x : (9 0 7 ) 2 2 5 -0 7 1 3

TO: Rep. Gene Therriault, Co-Chair
House Finance Committee

FROM: Senator Robin T a y l^ ^ ^ i

*TE: May 6, 1998

RE: SB 160 “Relating to dental radiological equipment.’

SB 160 was introduced to address an ongoing problem relating to the 
inspection of dental radiological equipment. Inspections have been under 
the Department of Health and Social Services Radiological Health Division. 
According to the dental community, some dentists have gone as long as ten 
years between inspections by the department.

Senate Bill 160 will put in place a more meaningful inspection program 
that will both serve the dental community and the public more effectively 
and efficiently. There is one amendment I would like added to the bill 
that deals with the inspectors. We inadvertently omitted two groups of 
qualified persons that routinely perform these types of inspections. A copy 
of the amendment is attached.

SB 160 is revenue neutral as the costs of administering the program will 
be paid for by the owners or lessees of the equipment.

Thank you in advance for your e o n s id c n tic n .

D istric t A:
Hyder • Ketchikan • Kupreanof • Meyers Chuck • Petersburg • Saxman • Sitka • Wrangell
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D o s e -R e d u c t io n  M e c h a n is m s

Kenneth Abromovitch, DD5, MS 
Associate Professor

Lisa P. Thomas. PJDH. DDS 
Clinical Assistant Professor

Section of Radiology 
Department of Ora! Diagnostic 

Sciences 
Denial Branch
University of Texas Health Science 

Center at Houston 
Houston, Texas

N early a century after its 
discovery in 1895, x-radia- 
tion retnaLns a controver­

sial diagnostic modality. It has 
been associated with several risks 
and side effects, some of which are 
difficu lt to s- bstnntiite. 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 

Biologic Risks and the 
Maximum Permissible Dose
X-radiation is an ionizing form 

of electromagnetic radiation. 
When absorbed in human tissues,

Learning Objectives
After reading this article the reader should be able to:
• define and list the maximum permissible dose for occupationally 
and nonoocupadonally exposed individuals.

• list four sources of naturally occurring background radiation.
• discuss the dose and risk considerations for each critical organ 
with regard to dental x-radiation exposures.

• 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 Doses'
Occupationally exposed 
(indudes dental workers 
who take x-rays) 

Nonoccupationally exposed 
(the general public)

5,000 mRem (50 mSv)

500 mRem (5 mSv)

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 lim it for tissue exposure to

ionizing radiation below which the 
risks are considered minimal. The 
safety lim it is referred to as the 
maximum permissible dose 
(MPD). More specifically, 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.' The annual MPD val­
ues are listed in Table 1.
The MPDs for individuals work- 

lng.tttitKradlariph tie. occbpadurval̂  
expOSUM^Jadljich includes dentaO 
j^raormel) isld'ttnies higtrei than

tU2 Compand Condn Educ D*nc. VH. XIV, No. 3 y * 7 2" iv7 V  •

03 /10 / 97 M :20 TX/RX NO. 09'I5 P. 001
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ft>X_Uie general population (ie, non- 
occupatJonnt'wpoaurei.'Dccupa- 
tionafjy exposed personnel are as­
sumed to be w illing to accept a 
higher risk of radiation exposure for 
the lifestyle attained by their em­
ployment. Yet if all 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 for any 
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 
mRemfZmSvl/y.1 This lim it is 
presently being reviewed by sev­
eral organizations.

Environmental and 
Diagnostic Radiation
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

QliighittSs shouldn't operate while you do...

03 /10 / 97 14:20 TX/RX NO.0945 P . 002 |

Table 2— Average Individual Annual 
Effective Dose Rate of Ionizing 
Radiations’
Natural mRem mSv
Radon 200 2.0
Cosmic 27 0.27
Terrestrial 28 0.28
Iruemal 39 0.39

Artificial
Medical
X-ray diagnosis 39 0.39
Nuclear medicine 14 0.14

Consumer products 10 0.1

Table 3— Critical Organs and Their 
Potential RJsks

O rg a n
Skin
Bone
Gonads
Eye lens
Thyroid gland
Embryo/Fetus

Risk
Carcinoma
Leukemia
Mutation
Cataracts
Cardnoma
Congenital defects

its decay products are 
the major sources of 
naturally occurring 
background radiation.
Note: the average whole- 
body exposure lim its 
are below the MPD val­
ues for occupational 
and nonoccupational 
Individuals.
Medical and dental 

diagnostic x-radiation 
exposures can also con­
tribute to the annual 
whole-body exposures.
However, these values 
are not considered in 
MPD calculations be­
cause diagnostic x-rays 
are assumed to be ben­
eficial to the life span of 
ar\ individual. Note the 
relatively low dose 
equivalent for diagnos­
tic radiation compared 
to the naturally occur­
ring sources of back­
ground radiation. The 
sum of all of these pro­
cedures remains below 
MPD values.

Critical Organs
Critical organs affected by den­

tal x-radlation are defined as the 
tissues that, by virtue of their radl-

osensitivlty or proxim ity to the 
dental beam, are possibly vulner­
able to pathologic or life-threaten­
ing sequelae,5 These critical organs 
and their potential risks are listed
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Table A— Quality-Assurance Measures
• x-ray equipment testing and maintenance
• good radiographic technique (le, film placement reversed film, etc)
•  u sing  film holders
• proper exposure parameters
• proper film handling before and after exposure
■ propw time/temperature film processing
• darkroom maintenance to prevent film fogging (ie, checking for 
light leaks, storing film at proper temperature, etc)

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

S k in
Dental exposures for a fu ll 

mouth series of x-rays vary consid­
erably. depending on the tech­
nique used. The type of film speed, 
kilovoltage, filtration, collimation, 
etc, all affect the amount of expo­
sure. Several dosimetry studies 
have shown that a trend for de­
creasing exposures is evident4 Ac­
cording to current 1CRP 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 fu ll 
mouth x-ray series procedure 
taken w ith 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).* The ap­
proximate skin dose from the in­
traoral exposure of one diagnostic- 
quality radiographic image with 

/ D-speed film  is 200 mRems 
'\ / (2 mSv).* Increased riak-io the ear- 
•y liest type of skin cancer is not evi-
f h  d enTI&eTowId a s g J e v e li la L ^ O O O  
( j  ̂  mRemsJ25{^rnSv).s Keeping 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.

B o n e  M a rro w
leukemia induction is the major 

risk associated with x-ray expo­
sures of bone marrow. Approxi­
mately 5% of the body's bone mar­
row gets exposed from dental 
radiographic procedures. The bone 
marrow dosage ranges from 1 to 
3 mRems (.01 to .03 mSv) for 1 ex­
posure and 9 to 14 mRems (.09 to 
.14 mSv) for a full mouth x-ray se­
ries.* Whole-body exposures of
5,000 mRems (50 mSv) are re­
ported to Increase the risk of leuke­

mia induction. Linus7 showed no 
significant increase In leukemia 
risk from long-term (chronic) frac­
tionated doses of up to 30.000 
mRems (300 mSv).

G o n a d s
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 m5v).*’Thia dose ran 
be reduced by 95% by using a lead 
apron. The average daily gonadal 
radiation exposure from natural 
background radotkm is 0.15 to 0 J 
mRems (.0015 to .003 c'5v).‘ The 
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 (le, 
Denver, Colo), these doses double 
because of the earth's proximity to 
the cosmic sources of background 
radiation.* Radiation doses of this 
low magnitude have very little ef­
fect on the genetically significant 
dose of the US population, ie, the 
dose of radiation required to affect 
genetic mutation rates.

E ye  L en s
Cataract formation Is very de­

bilitating and can eventually cause 
blindness. Exposures of greater 
than 200,000 mRems (2,000 mSv) 
are required to Induce cataract for­
mation.1' The standard full mouth 
x-ray series yields a lens dosage of

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 effect.9

T h y ro id
Radiation doses of 5,000 to 7,000 

mRems (50 to 70 mSv) are required 
for thyroid carcinoma induction.* 
The thyroid exposure during a 
standard fu ll mouth x-ray series 
is about 23 m l: .ms (0.23 mSv). 
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 

glar'd 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

E m b ry o /F e tu s
Dental x-ray exposure of preg­

nant patients is not recommended 
except in an acute emergency 
where the benefit of 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

*44 Oxrrpmd Conttrt Wuc D*nt Vo(. XJV. No. S
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(50 mSv) oe-less.11 Danforth and 
Gibbs'11 calculation of relative risks 
has shown that the chances of hav­
ing a first-generation defect from a 
dental x-ray examination is 9 in I 
bilfcan (ie, (1000,000,9% or 9J0 x 10*%).

The A LARA Principle
It is evident from the preceding 

discussion that risks of long-term 
biologic damage from denta; x-ray 
exposures are extremely low.
However, it remains very d iffi­

cult to scientifically document the 
long-term (30 to 50 years) cumula­
tive effects of krw-dose chronic ex­
posure. Recently, it was reported 
that dental x-ray exposures may be 
causing higher incidences of sali­
vary gland and brain tum o rs .14 
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, all of 
which are difficult to prove. Con­
sequently, a direct cause-effect re­
lationship between previous den­
tal radiation exposure and future 
cancer could not be made.
Regardless of the accuracy of 

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

achievable) principle15 should 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 s till 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. This would minimize 
the potential risks and any adverse 
sequelae to diagnostic radiation.
Various techniques are available 

to reduce radiation exposure from 
dental radiography. Incorporating 
these techniques into dental prac­
tice w ill have a profound effect on 
patient dose reduction.

Techniques fo r Reducing 
Radiation Exposure
The NC ’ P is a private organiza­

tion comp xl of experts in vari­
ous aspects j< radiation. They op­
erate under a congressional charter 
as an advisory group that makes 
recommendations governing the 
use of x-radiation. It is the respon­
sibility of each Individual state to 
make Its own rules and regulations

regarding radiation exposure 
based on these recommendations. 
The Texas Radiation Control Act, 
enforced by the Texas Department 
of Health, Is based on many of the 
NCRP recommendations. Some of 
these regulations w ill be alluded to 
in the following discussion.

B e a m  C o llim a tio n
Based on an 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 av;iil- 
able that further restrict the size of 
the beam. This kind of enhanced 
collimation can reduce the scatter 
radia-lon by 45% to 95%, depend­
ing on the site in question.4 Scatter 
radiation is so dramatically dimin­
ished that the gonadal scatter from 
a 20-exposure 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- 
inch-diameter, round collimation.4 
An earlier study14 showed that 
rectangular collimation reduced 
the bone marrow dose by 60%.

Gingivitis shouldn't operate while you do.
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Wood et al17 went so far as to rec­
ommend that 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 
smatier-size beam from rectangu­
lar collimation may be more tech­
nically demanding, but Parks'* 
concluded that radiography with 
rectangular collimation is no more 
difficult a technical skill for novice 
dental hygiene students to learn 
than dental radiography w ith 
round collimation.

F ilm  S p e e d  *
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 .1’ 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).4 The sug­
gested exposure lim it set by Na­
tional Evaluation of X-Ray Trends 
(NEXT) is 400 mRems (4 mSv), 
which is a very lenient lim it. A l­
though images on E-speed film 
have less contrast than regular D- 
speedTUm images, there is no loss 
of diagnostic detail for caries and 
periodontal evaluations and end­
odontic procedures ,3Kn
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- 
speed film  reduces exposure to 
both the patient and operator by 
reducing the number of retakes 
necessary as a result of patient or 
mad line movement13

C o n s ta n t P o te n tia l X -R a y  
G en era to rs
In the last 10 years, several new 

dental units have become available 
that produce x-radiation with a
6 4 6  C o m p fo d  C c n t i n  E d -j c  O w a L  V o l. XIV, N o . 5

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. The 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%. Intrex**, Castle* HDX**, and 
Heliodent** MD are examples of 
commercia.My 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.

H ig h -E n erg y  B ea m s
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 exposure to the patient.3* 
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

* K E Y S T O N E  X - R A Y ,  In e ,  D e n t o l  D i v ,  
N e p tu n e , N ) (77753 

D M D T  D ia g n o s t ic  C o , N o r t h  C h a r le s t o n . 
S C  2 4 4 1 1

'  P e lt o n  U  C r a n e , A S ie m e n s  C o .  C h a r ­
lo t te , N C  28224

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 but still 
affect the radiation dose. Radio- 
graphic units are manufactured 
with built-in filtration, which is de­
pendent on 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%.u 
Added filtration with niobium de­
creases radiation exposure by up 
to 47%.34 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.

L e a d  A p ro n s
Lead aprons are generally re­

quired for all patients exposed to 
dental radiation. For example. It is 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 Is reduced by up to 94% 
with a lead apron.37 The apron also 
has a positive psychok gical or com­
forting effect on the pat ent
Thyroid collars slmiL rly reduce 

radiation exposure to the thyroid 
gland. These collars are highly 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%*-^

Quality Assurance
A quality-assurance program is 

also needed to reduce radiation ex-
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F e a t u r e

X  R a y s :  W h a t  i s  t h e  R i s k ?
B y  Neil L  F r e d e r ik s e n .  D .O .S . .  P h .D .

D i r e c t o r , O r a l  a n d  M a x i l l o f a c i a l  R a d i o lo g y  
D e p a r tm e n t  o f  D i a g n o s t i c  S c ie n c e s . O r a l  a n d  M a x i l l o f a c i a l  R a d i o lo g y  

T h e  B a y l o r  C o l le g e  o f  D e n t i s t r y .  D a l l a s .  T e x a s

I nlroductioo
I f  it h a s n 't  h a p p e n e d  a lr e a d y ,  it 

w i l l .  I t ’ s s im p ly  a  m a t te r  o f  t im e  
b e fo re  o n e  o f  y o u r  p o t ic n l. i w i l l  a sk : 
“ H o w  m u c h  ra d ia t io n  is  in v o lv e d  
w ith  th ese  x r a y s ? "  o r  " A r e n ' t  th ese  x 
ra y s  h a rm fu l? "  o r .  " A r e  y o u  u s in g  the 
la te s t m e th o d s  to  re d u c e  m y  e x p o s u re  
to  x r a y * T '  D e n t is t s  and  th e i r  o f f i c e  
p e rs o n n e l a re  c o n t in u a l ly  a sk e d  
q u e i t io n t  p e r ta in in g  to  th e  u se  o f  x 
ru y s . Y o u r  r e s p o n s e , o r  th a t o f  y o u r  
s t a f f ,  m a y  h a v e  a  p r o f o u n d  e lT cc t on  
y o u r  p ra c t ic e . T o  re s p o n d  w ith  a 
c le w  and  c o n c is e  a n sw e r  w i l l  s e r v e  to  
In c re a s e  th e ir  c o n f id e n c e  in  y o u  as a 
p ra c t i t io n e r . O n  th e  o th e r  h an d , to  
s im p ly  Ig n o re  th e se  q u e s t io n s , o r  treat 
th em  lig h t ly ,  m a y  c re a te  th e  im p re s ­
s io n  o f  a la c k  o f  c o n c e rn  f o r  th e i r  
o v e r a l l  w e l l b e in g . T h is  m a y  n o t o n ly  
re s u lt  in  a lo s s  o f  the  p a t ie n t 's  
c o n fid e n c e  in  y o u r  a b i l i t y ,  bu t a ls o  
the lo s s  o f  u p a tie n L

T h e re  is n o  q u e s t io n  th a t 
io n iz in g  ra d ia t io n  in g e n e ra l,  an d  .s 
ra y s  in p a r t ic u la r ,  h a v e  a p o te n t ia l 
h a rm fu l e f le c l  o n  h u m u n s . I t  is 
k n o w p ’ -e y o n d  a s h a d o w  o f  d o u b t that 
i f  e x p o s e d  to  s u f f i c ie n t  q u a n t it ie s  o f  
ra d ia t io n , h u m a n s  w i l l  e x p e r ie n c e  an  
ih c rea s e d  r is k  o f  n o n fa tu i and  fa ta l 
r t a n t r r .  h e re d it a ry  d is e a s e , o r  lo s s  o f  
liT ip tb ip cc tan cy . It is  (h e  p s irp o s e  o f  
th is  a r t ic le  to  p r o v id e  y o u  w ith  the 
in fo rm a d o n  to  p o t th e se  r i s k s  in to  
p e rs p e c t iv e , id lo w in g  y o u  to  u se  x 
ro y s  w h en  n e e d ed  f o r  d ia g n o s is .

Frwdmikmsn

Rai.Matfor in our Environment
N*» m a t te r  w h o  w e  a re  o r  w h e re  

w c  l i v e ,  w e  a rc  s u b je c te d  to  q u a n t i t ie s  
o f  ra d ia t io n  e x p o s u re  f i o m  a v a r ie t y  
o f  s o u r c e s . B e c a u se  n o t a l l o f  th e se  
s o u rc e s  a re  re s p o n s ib le  f o r  e x p o s u re  
o f  the  w h o le  b o d y , the  q u a n t it ie s  o f  
ra d ia t io n  th e y  d e l i v e r  a rc  e x p re s s e d  in 
te rm s  o f  c f f e c t i v r  d o s e . T h i s  u n it , 
e f f e c t iv e  d o s e , is  c a lc u la te d  f r o m  bo th  
w h o le -  and  p n n ia l-b o d y  e x p o s u re s . It 
is  th e  d o s e  th a t m ay  b e  e x p e c te d  to  
r e m i t  in  the  s am e  to ta l r i s k  o r  h a rm  as 
th a t f n m  a un fo rm  w h o le - b o d y  
e x p o s u re  o f  the  sam e  m a g n itu d e . 
E f f e c t f ' c  d o s e  is th en  u u s e tb l te rm  
th a t a l lo w s  c o m p a r is o n s  to  b e  m ad e  
b e tw een  s o u rc e s  o f  ra d ia t io n  e x p o ­
s u re  w h ic h  e x p o s e  o n ly  p o r t io n s  o f  
the b o d y , s u ch  as ra d io g ra p h ic  
te c h n iq u e s , and  w h o le -b o d v  e x p o ­
s u re s . in c lu d in g  th o se  re s u lt in g  f r o m  
n a tu m l o r  b a c k g ro u n d  ra d ia t io n . T h e  
un it o f  e f f e c t iv e  d o se  Is  th e  s ie v e r t 
(-5 v i. A  m i ll is io v c r t  (m S v )  is  o n e  
th o u s a n d th  o f  u x ie v e rt.

E s r im m c s  o f  the ra d ia t io n

A

\

e x p o s u re  o f  a l l p e rs o n s  li v in g  in  the  
U n ite s  S ta te s  re s u lt in g  f r o m  a l l  
s o u rc e s  h a v e  b e e n  m ad e . B y  to ta lin g  
th ese  in d iv id u a l e x p o s u re s  and  then 
d iv id in g  b y  the p o p u la t io n , an  
a v e ra g e  d o s e  h as b e en  d e te rm in e d  1 1 ) 
(T a b le  I ) . In  th is  m a n n e r , it h a s  been  
e s t im a te d  that an a v e ra g e  in d iv id u a l 
liv in g  in tin a v e ra g e  lo c u t io n  in  'h e  
U n ite d  S ta te s  re c e iv e s  an e f fe c t iv e  
dO'-e o f  3 . 6  m 5 v o f  ra d ia t io n  e v e r y  
y e a r .  O f  th is  to ta l , o v e r  8 0  p e r  cen t 
( 3 . 0  m S v )  is  th e  re s u lt  o f  n a tu ra l o r  
b a c k g ro u n d  ra d ia t io n . T h is  m ean s  
(h a t e v e ry  d a y  o f  a  p e rs o n 's  l i f e ,  th e y  
re c e iv e  0 . 0 0 8  m S v  o f  ra d ia t io n  
e x p o s u re  f r o m  n a tu ra l s o u rc e s  o r  
s o u rc e s  o v e r  w h ic h  th e y  h a v e  n o  
c o n t r o l .  W c  a re  a l l  c o n c e rn e d  w ith  
the  h u m an  c o n t r ib u t io n  to  ra d ia t io n  
e x p o s u re : h o w e v e r ,  it Is  e s t im a ted  
tha t in  to ta l , th is  a m o u n ts  to  o n ly  U.(> 
nt-Sv. In c lu d in g  e v e r y th in g  f r o m  the 
m e d ic a l u s e s  o f  ra d ia t io n  to  c o n s u m e r  
p ro d u c ts  ( in c lu d in g  s om e  s m o k e  
a la rm s , a i r p o r t  in s p e c t io n  s y s tem s , 
and  d e n ta l p o r c e la in )  to  n u c le a r  
re a c to rs , th is  c a te g o ry  su b je c ts  an 
a v e ra g e  in d lv id u u l to  le s s  than  o n e  
th ird  the  ra d ia t io n  d e liv e r e d  hy  
n a tu r a l ly  ^ y n r r in o  j a d o n ( 3 . 0  m S v i  

D e n ta l x - ra - ' e x u rru n it t io n s -a « _ ._  
e s t im a te d  to  6 re s p o n s ib le  fo r  an  \  
a v e ra g e  a n n u a l e f f e c t iv e  d o se  o r  le ss  
than  U .0 I  u«Ss ( 2 ) .  T h is  l la u r e .  eq tu il 
to  o n ly  2..1 p e rc e n t th a t o f  m e d ic a l x - 
rn y  d ia g n o s is  tind 0 .3  p e rcen t o f  the 
to ta l a v e ra g e  a n n u a l e f fe c t iv e  d o s e , is  
s u rp r is in g  w h en  it is  c o n s id e re d  that 
d en tis ts  o w n  o v e r  h a l f  o l  the  x - r a y  
m a ch in e s  In  th is  c o u n t ry  and  p e r fo rm  
un e s t im a te d  10 5  m i l l i o n  e x a m in a -

6t/mmjAjtri994
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X ray i*i W ha t is  th e R isk?

l i o n s  p e r  y . x r  u s in g  3 8 0  m i l l i o n  
p ie c e s  o f  f i lm .  In  s p ite  o f  th e se  
f ig u re s , th e  u se  o f  x  ra y s  in  d e n t is t ry  
Is  n o t  c o n s id e r e d  as a  s o u rc e  o f  
e x p o s u re  and  f o r  th a t r e a s o n  n o t  lis te d  
In  T a b le  I .  T h e  e x c lu s io n  o f  d e n ta l x 
r a y s  a s  a s o u rc e  m ay  h a v e  re s u lt e d  in  
p a n  f r o m  the  in t r o d u c t io n  o f  th e  te rm  
" n e g l ig ib le  In d iv id u a l d o s e "  ( 3 ) .  
F o rm u la te d  h y  th e  N a t io n a l C o u n c i l 
o n  R u d im io n  P r o t e c t io n  and  M e a s u re ­
m e n ts . a p r iv a te , n o n p ro f i t  o rg a n iz a ­
t io n  w h o s e  fin d in g s  a re  m ad e  In to  la w  
b y  m o s t s ta le s , th e  n e g lig ib le  
In d iv id u a l d o s e  is tha t q u a n t i ty  o f  
ra d ia t io n  that c a n  b e  d ism is s e d . 
C u r r e n t ly ,  th is  d o s e  is  e s ta b lis h e d  at 
0 .0 1  m S v  p e r  y e a r ,  a q u a n t i ty  e q u a l to  
th a t o f  th e  e s t im a te d  a v e ra g e  a n n u a l 
e f f e c t iv e  d o s e  re s u lt in g  f r o m  d e n ta l 
x - r a y  e x a m in a t io n s .

Exposure From Dental X Rays 
Occupational Exposure.

W ith in  tw e n ty - f iv e  y e a r s  o f  
R o e n tg e n ’ s  d is c o v e r y  o f  x r a y s , it h ad  
b e en  e s t im a te d  'h a t  o v e r  100 e a r ly  
p io n e e rs  in  r a d io lo g y  h a d  d ie d  o f  
c a n c e r  c au sed  b y  th e ir  e x p o s u re  to  
ra d ia t io n  ( 2 ) .  T h is  f in d in g , a m o n g  

-M th c n . has re s u lt e d  in  th e  e s ta b lis h ­
m e n t  o f  lim i ts  o n  th e  a m o u n t o f  
^ rad ia tion  a p e rs o n  m u y  b e  e x p o s e d  to  
a n  th e  c o u rs e  o f  th e i r  o c c u p a t io n . T h e  

R e g u lo t io n s  f o r  th e  C o n t r o l o f  
' ’R o q g u io n  s to le  that e a c h  re g is t ra n t 

s h i f t  c o n t ro l th e  o c c u p a t io n a l d o s e  to  
In d iv id u a l a d u lt s  .such th a t it w i lt  n o t 
e x c e e d  an  a n n u a l e f fe c t iv e  d o s e  o f
0 . 0 5  S v  ( 4 ) .  T h is  lim i t  h a s  b e en  se t In  
an a ttem p t to  e n su re  th a t th e  l l f e d m e  
fa ta l c a n c e r r i s k  as a r e s u lt  o f  
e x p o s u re  to  x  r a y s  w i l l  b e  s im i la r  to  
th e  r i s k  o f  a c c id e n ta l d e a th  in  “ s o re "  
in d u s tr ie s  w h e re  there: is  n o  e x p o s u re  
to  ra d ia t io n . B e c a u s e  e v e n  th is  d o s e  
c a r r ie s  w ith  it s o m e  r i s k ,  a l l  in d iv id u ­
a ls  i r e  fu r th e r  u rg e d  to  f o l lo w  the  
p r in c ip le s  o f  A L A R A  (A s  L o w  A s

R e a s o n a b ly  A c h ie v a b le )  w h ich  
re c o g n iz e  th a t n o  m a tte r h ow  s m a ll 
th e  d o se , th e re  m ay  be s om e  r i s k  o f  
e f f e c t .  T h e  fa c t  that the  dentaJ 
p r o f u s i o n  fo l lo w s  these  p r in c ip le s  
m a y  be  I l lu s t ra te d  b y  th e  fa c t  th a t 
m o s t re c e n t d a ta  s h ow  tha t th e  a n n u a l 
e f fe c t iv e  d o se  o f  th o se  o c c u p a t io n a lly  
e x p o s e d  In the  o p e n ir io n  o f  d e n u l x - 
ra y  e q u ip m en t w as 0 .2  m S v  ( 2 ) .  T h is  
f ig u re  is o n ly  1 /2 5 0  (h e  u llo w i ib lc  
l im i t .  T h is  f in d in g  is  p e rh a p s  o n e  o f  
th e  re a s o n s  tha t the S ta te  o f  T e x a s  n o  
lo n g e r  re q u ire s  ra d ia t io n  m o n i to r in g  
o f  d e n ta l e m p lo y e e s .

P a t i e n t  D o s e . T h e  d o se  
d e liv e r e d  to  the  p a tien t as a re s u lt  o f  
an  x - r a y  e x am in a t io n  is  d e p e n d en t in 
p a rt o n  th e  s p e c i fic  a re a  e x p o s e d , the 
s iz e  o f  tho  a re a  e x p o s e d , and  o n  £  
ty p e  o f  im a g e  re c e p to r  u sed . T h e  
la t te r  m a y  be  e ith e r In t ra o ra l d i r e c t -  
c x p o s u re  f i lm ,  c x tru o n d  s c re e n - ty p e  
f i lm ,  o r  s om e  fo rm  o f  s o lid  s ta te  
d e te c to r  as u s e d  in  d ig i ta l ra d io g r a ­
p h y . in c lu d in g  c om p u te d  
t o m o g ra p h y . T a b le  2 ( 5 . 6 , 7 . 8 )  lis ts  
th e  e f fe c t iv e  d o se  p a tien ts  m ay  
re c e iv e  b y  u n d e rg o in g  b o th  s om e  
c o m m o n  tin'.’ m o re  s p e c ia liz e d  d e n ta l 
u nd  m e d ic a l ra d io g ra p h ic  e x a m in a ­
t io n s . B y  c o m p a r is o n  o f  fig u re s  in  
th e  ta b le , a lo w e r  O f  se r ie s  (b a r iu m  
e n e m a ) can he seen  to  d e liv e r  2 7  
t im e s  m o re  ra d ia t io n  to  the p a tien t 
th an  a  fu l l-m o u th  s e r ie s  o f  o ra l 
ra d io g ra p h s  an d  a ra d io g ra p h  o f  the  
c h e s t a b o u t th re e  t im es  m o re  th a n  a 
p a n o ra m ic  f i lm .

R is k
R is k  is  th e  ch an ce  o r  p o s s ib i li t y  

o f  lo s s  o r  in ju ry . T h e  p ro b a b i l i t y  o f  
lo w  o r  In ju ry  m ay  be c o n s id e re d  in 
b o th  re la t iv e  and  a b so lu te  te rm s . 
R e la t iv e  r is k  c an  be  i l lu s t r a te d  b y  
c o m p a r in g  d o se s  re c e iv e d  as a re s u lt  
o f  e x p o s u re  to  x ra y s  f o r  d ia g n o s t ic  
p u rp o s e s  w ith  n a tu ra l o r  b a c k g ro u n d

ra d ia t io n . T a b le  2  li s t s  th e  d a y s  o f  
e q u iv a le n t  n a tu ra l e x p o s u re , f t  can  be  
seen  f r o m  th e se  d a ta  th a t a  p a n o ra m ic  
ra d io g ra p h  d e liv e r s  a  d o s e  to  the  
p a tie n t e q u a l to  3 3 d a y s  o f  n a tu ra l 
ra d ia t io n  e x p o s u re , a  b ite w in g  
e x a m in a t io n  4 .8  d a y s , a n d  a  f u l l -  
m o u th  s u rv e y  1 8 .8  d a y s . A d d i t io n ­
a l ly .  b y  c o m p a r is o n , ra d o n  In  o u r 
e n v iro n m e n t  ( 2 . 0 0  m S v . T a b le  I )  is  
re s p o n s ib le  f o r n n  a n n u u l e x p o s u re  o f  
o v e r  13 rim e s  th a t o f  a  fu l l-m o u th  
s u rv e y  o f  Im m o ra l f i lm s .  T h e s e  
fig u re s  c an  a ls o  b e  u sed  to  m a k r 
c o m p a r is o n s  b e tw een  p e rs o n s  '.tv ing 
in  v a r io u s  lo c a t io n s  o f  th e  t ' . S .  F o r  
e x a m p le , it has b een  e s t im a te d  that 
th e  e f fe c t iv e  d o s e  f r o m  c o sm ic  
ra d ia t io n  in D e n v e r .  C o lo r a d o ,  is  0 . 2 4  
m S v  h ig h e r  than  the  U .S .  a v e ra g e  ( 2 ) .  
T h is  i t  b e c au se  o f  D e n v e r ’ s h ig h e r 
e le v a t io n . T h is  w o u ld  m ean  th a i a 
p a tien t l i v in g  In  an  a v e ra g e  lo c a t io n  
o f  the  U .S .  w h o  had  a lm o s t  f o u r  
p a n o ra m ic  an d  b it e w in g  e x am in a t io n s  
e v e r y  y e a r  ( t o ta l e f fe c t iv e  d o se  f o r  
th e se  e x am in a t io n s  Is  0 . 0 6 4  m S v , 
T a b le  2 )  w o u ld  in c u r the  s am e  r is k  o f  
p o te n t ia l h a rm  f r o m  ra d ia t io n  as a 
p a t ie n t l iv in g  in  D e n v e r  w h o  w a s  n o t 
e x p o s e d  b y  th e se  e x am in a t io n s .

In  a b s o lu te  te rm s , r i s k  c an  be 
d e sc r ib e d  b y  c a lc u la t io n  o f  d e tr im e n t . 
D e t r im e n t  is  a  te rm  u sed  to  re p re s e n t 
a  c o m b in a t io n  oT th e  p ro b a b i l i t y  o f  
o c c u r re n c e  o f  an  u n fa v o ra b le  h e a lth  
e fTect re s u lt in g  f r o m  ra d ia t io n  
e x p o s u re  and  a ju d g m e n t  as  to  the  
s e v e r i ty  o f  the  e f f e e :  ( 9 ) .  T h u s , 
ra d ia t io n  d e t r im e n t c a n  be  e x p re s s e d  
as th e  to ta l h a rm  that w o u ld  e v e n tu ­
a l ly  b e  e x p e r ie n c e d  by  an e x p o s e d  
p o p u la t io n  o f  In d iv id u a ls  and  th e ir  
d e sc e n d an ts  as a  re s u lt  o f  ra d ia t io n  
e x p o^ g re . T h is  in c lu d e s  the  p ro b a b i l­
ity  o f  fa ta l c a n c e r , th e  w e ig h te d  
p ro b a b i l i t y  o f  n o n fa ta i c a n c e r , the 
w e ig h te d  p ro b a b i l i t y  o f  h e re d ita ry  
e f fe c t s , an d  th e  re la t iv e  le n g th  o f  l i f e

TEXAS DENTAL JOURNAL /« •

0 3 / 10/97 H :20 TX/RX NO.00'15 P . 000



MPR-10-1997 16=40 OD0 312 440 2536 P . 10

X ra y * : W ha t Is th e  R isk?

lost. Detriment u n  be calculated on 
the basis of the probability of 
incidents per million of expoied 
population, die population m risk 
(Table 2). For some of (he more 
common examinations, this probabil­
ity ranges from less than 0.1 per 
million for a slngle-fllm tomogram 
that may be made for oral implant 
diagnostics, to 11 per million fora 
full-mouth survey, to 296 per million 
for a lower Gl series.

Calculation of risk per million 
from the use of x rays allows for 
comparison with risks patients are 
subjected to in the course of their 
everyday lives. Table 3 lists some of 
these risks compiled from various 
newspaper and news magazine 
articles over the years. These data, 
expressed as the probability of either 
death or developing cancer, show that 
patients have about the same risk of 
choking to death (13 per million) as 
expressing some detriment from 
having a full-mouth survey (11 per 
million) made during the course of an 
oral examination. In all fairness, 
however, diagnostic x rays involve a 
risk generally much higher than that 
oT being killed by falling airplane 
parts Or in a shark attack.

M inimizing the Risk to Patients 
and Personnel

Although the risk from exposure 
to x rays may be compatible with 
everyday life, according to the 
principles of ALARA we should 
always try to employ techniques, 
equipment, and materials that will 
allow us to produce radiographs with 
the least amount of radiation. As an 
added benefit everything we do to 
reduce patient exposure will reduce 
the possibility of exposure of 
ourselves and our personnel.

The following is a summary of 
methods of exposure reduction that

can be used in oral radiography (2). 
Patient selection la probably the 
single most effective way in which 
exposure can be reduced (See 
Guidelines, this issue). If (he 
decision is made that radiographs are 
not necessary, this represents a 100 
percent reduction in patient exposure. 
An almost 30 percent reduction n 
patient exposure can be realized by 
using E-spoed film rather than D- 
speed film. The use of digital 
immoral Imaging techniques also 
requires less radiation. Digital 
imaging has been fou’-.J m requite 
only 40 percent the radiation of E- 
xpeed film and 23 percent that of D- 
speed fllrn (10). Rare-earth intensify­
ing screens, such as Lanex* (Eastman 
Kocak Co.. Rochester. NY), which 
may be used in extraoral radiography, 
are up to eight limes more sensitive to 
x rays than conventional screens, 
resulting in a significant reduction in 
padent exposure. Long-cone instead 
of short-cone techniques for intraon) 
radiography may result in a 32 
percent reduction in exposed tissue 
volume. Rectangular collimation will 
reduce the area of (he patient’s skin 
surface exposed by 60 percent over 
(hat of round collimation. Leaded 
aprons and collars can reduce the 
amount of scatter radiation to the 
patient’s abdomen by 98 percent and 
to the thyroid gland by 92 percent. 
And finally, good darkroom tech­
niques. including time-temperature 
processing, may contribute to 
exposure reduction. Six percent of 
dental radiographs may not be 
readable because of poor darkroom 
techniques. Radiographs that must be 
remade because of inadequate 
exposure or processing techniques 
result in a doubling of patient 
exposure.

Finally, to ensure that a dental 
office consistently produces high

quality radiographs with a minimum 
of patient exposure, the American 
Denial Association recommends the 
establishment o f a quality assurance 
program in each dental offlc* (11). 
Such programs include inspection of 
the x-ray unit darkroom, and 
ancillary equipment inch ax leaded 
aprons at suitable intervals and the 
establishment of written procedures 
for safe operation, exposure and 
processing techniques, and mainte­
nance. Many of these items are 
required by the Texas Regulations for 
the Control of Radiation (4) (See 
Mtstai/e. this Issue).

The practice of dentistry requires 
lifelong learning. Every practitioner 
should keep in mind that developing 
and maintaining skills and acquiring 
knowledge is a continuous process. 
Every effort should be made to be 
aware of improvements in techniques 
in radiology and every field of 
dentistry so that patients may receive 
quality care.
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Table 1.

Average Annual Effective Dose of Ionizing Radiations 
to a Person in the United States

Source Effective Do#e
(mSV)

Natural
External

Cosmic 
Terrestrial 

InlemHl ,
Radon 
Other

Total

Man-Made
Medical

X-ray diagnosis 
Nuclear medicine 

Consumer products 
Other

Occupational 
Nuclear Riel cycle 
Fallout
Miscellaneous

Total

Total* Natural plus Man-Made

nTs'

0.27
0.28

2.00
0.40

039
0.14
0.10

<0.01
<0.01
<0.01
<0.01

3.00

0.60

3.6U
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T a b le  2. 

E ffe c tiv e  D o se  b y  R a d io g ra p h ic  T e c h n iq u e

Techn iqu e Effective D n«
(mSv)

Day* Equivalent Probability 
Natural (per

Exposure million)

Dental
Intraoral

Periapical (13 films) 0.111 13.9 8.1
Bltewing (4 Films) 0.038 4.8 2.8
Full-mouth survey (19 films) 0.150 ! 8.8 11.0

Extra oral
Panoramic 0.026 3.3 1.9
Film tomography * <0.001-0.030 <0.1-3.8 <0.1-2.2
Computed tomography.

Maxilla 0.104 13.0 7.6
Mandible 0.761 95.1 55.6

Medical
Lower Cl series 4.060 507.5 296.4
Upper G1 scries 2.440 305.0 178.1
Chest 0.080 10.0 5.8

T a b le  3. 

H ow  S a fe  ?

End Result 
And Cause

Probability of 
Occurrence
• per million)

Cancer
Exposure lo termicide 
(Chlordane) 100-300
Herbicides and 
fungicides on fruits 
and vegetables 278

Death
Choking 13.0
Boadng accident 4.6
Tornado 2.2
Bathtub accident 0.6
Struck by lightning 0.5
Overseas terrorist a track 0 .1 
Falling airplane parts 0.1
Shark attack 0.00.1

* Scanora* Integrated imaging system (Orion/Sorcdcx. Helsinki. Finland). The 
effective dose is dependent on the region of the jaw* exposed and tho collimation option 
used. I.e.. round or rectangular.
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