


STATE OF ALASKA
1998 LEGISLATIVE SESSION

FISCA L NOTE
BILL NO. CSSB 160(L&Q

Revision Date: 
Title: An Act relating to-radiological equipment used in 
the practice of dentistry.

Department: Commerce and Economic Development
BRU: Occupational Licensing_______________

Component: Operations_________________________
Sponsor
Requestor

Senator Taylor by request
Senate Labor & Commerce COMPONENT SERIAL NO. 1844

Expenditures/Revenues (Thousands of Dollars)
OPERATING EXPENDITURES FY 99 FY 00 FY 01 FY 02 FY 03 FY 04
PERSONAL SERVICES 20.3 20.3 10.1 10.1 10.1 10.1
TRAVEL 0.0 0.0 0.0 0.0 0.0 0.0
CONTRACTUAL 3.0 3.0 1.5 1.5 1.5 1.5
SUPPLIES 1.0 1.0 1.0 1.0 1.0 1.0
EQUIPMENT
LAND & STRUCTURES
GRANTS, CLAIMS
MISCELLANEOUS
TOTAL OPERATING 24.3 24.3 12.6 12.6 12.6 12.6

CAPITAL EXPENDITURES | I |

CHANGE IN REVENUES 48.6 0.0 25.2 0.0 25.2 0.0 |

FUND SOURCE (Thousands of Dollars)
1002 Federal Receipts
1003 GF Match
1004 General Fund
1005 GF/Program Receipts 24.3 24.3 12.6 12.6 12.6 12.6
1037 GF/Mental Health
Other (Specify Type)
TOTAL 24.3 24.3 12.6 12.6 12.6 12.6

Estimate o f any current year (FY 98) cost: S 0.0

POSITIONS
FULL-TIME
PART-TIME 1 1 1 1 1 1
TEMPORARY

ANALYSIS: (Attach a separate page if necessary)
C S S B  1 6 0 (L & C ) t r a n s fe r s  re gu la tio n  o f x -ray  equ ipm en t in a  d en t is t  o ff ice  from th e  D iv ision  o f P ub lic  H ea lth , 

Dept-'TAiont o f H ealth  and  Soci?.! S e rv ic e s  to  the Board o f D enta l E x am in e rs in th e  D iv ision  o f O ccupationa l 

L iccr’si><t:, D epartm en t o f Com m c; .<• and econom ic  D eve lopm ent. The board cu rren tly  re g u la te s  le v e l o f en try  

into th e  i 'r o fe s sh in  s.nd th e  p ra c tice  o f d en tis try . By  a s su m in g  re sp o n s ib ilit ie s  in the  b ill, n ew  c o s t s  w ill be 

incunuK* ih r w e h  e s ta b lish in g  n e c e s s a r y  re gu la t io n s , re g is te r in g  equ ipm en t and requ iring  period ic  in sp e c t io n  o f 

radiriojr.v.'.S :iquip;«<';nt. An exp lan a tio n  o f th e  c o s t s  ara exp la in ed  on the a ttached  p age .

Preparoci !w-
Division

Jennifer Strickler, Administrative Manager 
Ocrupaticnal Licensing

Appro- >v '■'■ommisi ioner: Deborah B. Ladwicl:
Agency: "C ommerce and Eco^fuic Development

Phone:
Date:
Date:

465-2144
4/2/90

>;ei: v «  k y o v io e  a l l  D i r / P i s y m w  c o p i t s  t o  govtt  k o r ’s  l e g is l a t iv e  o f f ic e
For fg;h:sr distribution information, call the Governor's Legislative Office

Page 1 of 2



ANALYSIS: (Continued)

DEPARTMENT OF COMMERCE AND ECONOMIC DEVELOPMENT 
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Personal Services

Occupational Licensing Examiner I 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.

S u p p l i e s

Funding provides daily desk top and other operating supplies. 1.0

TOTAL: S24.3
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Chairman and Members o f the Committee

E l  I l S  -

p x x  L ^ J C  f - J L ^ O 'Q S t

7 ~ K ^ L a 7<

My name is Kate Coleman. I am one of two 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 o f 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 of the large 
numbers o f  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.

A



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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199U Assessment of radiation risk 
from dental radiograpjiy
S .C. W hite  ' 1 : ;
S c h o o l o f  D e n tis t ry .  Lon A n g c lc j ,  C a l ifo rn ia .  U SA

I
R e c e i v e d  2 9  O c t o b e r  1 9 9 0  a n d  In  f i n a l  f o r m  1 8  M a r c h  1 9 9 2

R e c e n t  s t u d i e s  s u g g e s t  t h a t  t h e  l i f e t i m e  c a n c e r  r i s k s  f r o m  e x p o s u r e  t o  l o w  l e v e l s  o f  i o n i z i n g  
r a d i a t i o n  m a y  b e  g r e a t e r  t h a n  p r e v i o u s l y  e s t i m a t e d .  T h i s  r e v i e w  f i r s t  s u m m a r i z e s  t h e  f i n d i n g s  
o f  t h e s e  s t u d i e s  a s  t h e y  p e r t a i n  t o  d e n t a l  r a d i o l o g y ,  t h e n  u s e s  t h e i r  c o n c e p t s  i n  c o m b i n a t i o n  
w i t h  d o s i m e t r y  f r o m  t h e  d e n t a l  l i t e r a t u r e  t o  e s t i m a t e  t j i e  r a d i a t i o n  r i s k  f r o m  d e n t a l  r a d i o l o g y .  
E s t i m a t i o n  o f  r i s k  f r o m  g r o u p s  o f  e x p o s e d  i n d i v i d u a l s  r e q u i r e s  u s e  o f  m a t h e m a t i c a l  m o d e l s  
t h a t  f i t  t h e  e p i d e m i o l o g i c a l  d a t a .  T h e  I C R P  e s t i m a t e s  t h a t  a  s i n g l e  b r i e f  w h o l e - b o d y  e x p o s u r e  
o f  1 G y  t o  1 0 0 0 0  p e o p l e  r e s u l t s  In  a b o u t  5 0 0  a d d i t i o n a l  c a n c e r  d e a t h s  o v e r  t h e  l i f e t i m e  o f  t h e  
e x p o s e d  i n d i v i d u a l s ,  a s s u m i n g  a  d o s e  r a t e  e f f e c t i v e n e s s  f a c t o r  o f  2  f o r  c a n c e r s  o t h e r  t h a n  
l e u k a e m i a .  L e u k a e m i a s  3 r e  s e e n  a s  a  w a v e  f r o m  5  t o j 3 p  y e a r s  f o l l o w i n g  e x p o s u r e .  C a n c e r s  
o t h e r  t h a n  l e u k a e m i a  t y p i c a l l y  s t a r t  t o  a p p e a r  a b o u t  l O y e a r s  f o l l o w i n g  e x p o s u r e  a n d  r e m a i n  in  
e x c e s s  f o r  a s  l o n g  a s  m o s t  e x p o s e d  p o p u l a t i o n s  a r e  f o l l o w e d ,  p r e s u m a b l y  f o r  t h e  l i f e t i m e  o f  t h e  
e x p o s e d  i n d i v i d u a l s .  T h e  g o n a d a l  d o s e  I s  s o  s m a l l  f r o f n  d e n t a l  r a d i o g r a p h y  t h a t  ( b e  r i s k  o f  
h e r i t a b l e  d e f e c t s  i s  n e g l i g i b l e  i n  c o m p a r i s o n  w i t h  t h e  s o m a t i c  r i s k .  T h e  d e n t a l  l i t e r a t u r e  
c o n t a i n s  s e v e r a l  s t u d i e s  r e p o r t i n g  s u f f i c i e n t  d o s i m e t r i c  d a t a  f o r  r a d i o s e n s i t i v e  s i t e s  i n  t h e  h e a d  
a n d  n e c k  t o  a l l o w  e s t i m a t i o n  o f  t h e  r i s k  o f  f a t a l  c a n c e r s  f r o m  i n t r a - o r a l  a n d  p a n o r a m i c  
r a d i o g r a p h y .  T h e  h i g h e s t  e s t i m a t e d  r i s k s  ( u s i n g  t h e  I C R P  d a t a )  a r e  f o r  l e u k a e m i a  ( b o n e  
m a r r o w ) ,  t h y r o i d  a n d  b o n e  s u r f a c e  c a n c e r .  T h e  t o t a l  r i s k  i s  e s t i m a t e d  t o  b e  2 . 5  f a t a l  
m a l i g n a n c i e s  p e r  J 0 s f u l l - m q u t h  e x a m i n a t i o n s  m a d e  w i t h  D - s p e e d  f i l m  a n d  r o u n d  c o l l i m a t i o n .  
T h e  e f f e c t i v e  d o s e  f r o m  a  f u l l - m o u t h  e x a m i n a t i o n  m a .d e  u n d e r  t h e  s a m e  c o n d i t i o n s  i s  
e s t i m a t e d  t o  b e  8 4 / z S v ,  e q u i v a l e n t  t o  1 w e e k  o f  b a c k g r o u n d  e x p o s u r e .  U s e  o f  E - s p e e d  f i lm  
a n d  r e c t a n g u l a r  c o l l i m a t f o n  w i l l  s u b s t a n t i a l l y  r e d u c e  t h e  t o t a l  r i s k .

K e y w o r d s :  R a d ia t io n ,' r a d i a t i o n  d o s a g e ;  r i s k ;  r a d i o g r a p h y , d e n t a l  

D c n t o . i i a x i l l o f a c .  R a d i o l . ,  1 9 9 2 ,  V o l .  2 1 ,  1 1 8 - 2 6 .  A u g u s t  )

. R e c e n t  s t u d i e s  ( 1 9 8 8 - 9 0 )  s u g g e s t  t h a t  t h e  l i f e t i m e  
c a n c e r  r i s k s  f r o m  e x p o s u r e  t o  l o w  l e v e l s  o f  i o n i z i n g  
r a d i a t i o n  m a y  b e  g r e a t e r  t h a n  p r e v i o u s l y  e s t i m a t e d .  
T h r e e  a g e n c i e s  h a v e  c o m p r e h e n s i v e l y  r e v i e w e d  t h i s  

s u b j e c t  a n d  e a c h  h a s  d e s c r i b e d ,  a n  e l e v a t e d  r i s k  
c o m p a r e d  w i t h  p r e v i o u s  e s t i m a t e s .  T h e s e  a g e n c i e s  a r e  
t h e  I n t e r n a t i o n a l  C o m m i s s i o n  o n  R a d i o l o g i c a l  P r o t e c ­
t i o n  ( I C R P ) 1,  t h e  U n i t e d  N a t i o n s  S c i e n t i f i c  C o m m i t t e e  
o n  t h e  E f f e c t s  o f  A t o m i c  R a d i a t i o n  ( U N S C E A R ) 2 a n d  
t h e  C o m m i t t e e  o n  t h e  B i o l o g i c a l  E f f e c t s  o f  I o n i z i n g  
R a d i a t i o n s  ( B E I R )  o f  t h e  U S  N a t i o n a l  R e s e a r c h  
C o u n c i l 3.  T h i s  r e v i e w  w i l l  f i r s t  s u m m a r i z e  t h e  f i n d i n g s  
a s  t h e y  p e r t a i n  t o  d e n t a l  r a d i o l o g y  a n d  t h e n  u s e  t h e i r  
c o n c e p t s  t o g e t h e r  w i t h  d o s i m e t r y  f r o m  t h e  d e n t a l  
l i t e r a t u r e  t o  e s t i m a t e  t h e  r a d i a t i o n  r i s k  f r o m  d e n t a l  
r a d i o l o g y .

Biological effects

T h e  U N S C E A R  1 9 8 8 2 , B E I R  V 3 a n d  I C R P -  1 9 9 0 '  
r e p o r t s  r e l y  l a r g e l y  o n  d a t a  f r o m  p o p u l a t i o n s  o f  
e x p o s e d  h u m a n s  f o l l o w e d  f o r  m a n y  y e a r s .  T h e y  a l s o  
e x a m i n e  t h e  r e s u l t s  o f  a n i m a l  s t u d i e s ,  p a r t i c u l a r l y  w h e n  
s u c h  s t u d i e s  m i g h t  h e l p  t o  p r o v i d e  a  c o n c e p t u a l  
u n d e r s t a n d i n g  o f  b i o l o g i c a l  m e c h a n i s m s  I n v o l v e d  In

r a d i a t i o n  c a r c i n o g e n e s i s  o r  t h e  g e n e t i c  e f f e c t s  r e s u l t i n g  
f r o m  r a d i a t i o n  e x p o s u r e .  B y  f a r  t h e  l a r g e s t  g r o u p  o f  
i n d i v i d u a l s  s t u d i e d  a r c  t h e  J a p a n e s e  A - b o m b  s u r v i v o r s  
( T a b i c  I ) ;  M u l t i p l e  s t u d i e s  h a v e  f o l l o w e d  a p p r o x i ­
m a t e l y  7 6 0 0 0  i n d i v i d u a l s  s i n c e  1 9 5 0  a n d  a n  e s t i m a t e d  
59136 c a s e s  o f  c a n c e r  o f  a l l  t y p e s  h a v e  b e e n  o b s e r v e d  in  
t h i s  c o h o r t ,  t h e  l a r g e  m a j o r i t y  a t t r i b u t e d  t o  c a u s e s  

o t h e r  t h a n  e x p o s u r e  t o  r a d i a t i o n .  O n l y  3 4 1  c a n c e r s  
a r e  c o n s i d e r e d  t o  b e  r a d i a t i o n - i n d u c e d  e x c e s s  d e a t h s  . 
O t h e r  s t u d i e s  h a v e  f o l l o w e d  o v e r  14  0 0 0  B r i t i s h  p a t i e n t s  
w h o  r e c e i v e d  s p i n a l  I r r a d i a t i o n  f o f  a n k y l o s i n g  s p o n d y ­
l i t i s  f r o m  1 9 3 5  t o  1 9 5 4 .  T h e s e  s t u d i e s  e x c l u d e d  c o l o n  
c a n c e r  f r o m  r i s k  e s t i m a t e s  i n  t h i s  g r o u p  o f  p a t i e n t s  
b e c a u s e  o f  a  s u s p e c t e d  a s s o c i a t i o n  w i t h  a n k y l o s i n g  
s p o n d y l i t i s .  S e v e r a l  s t u d i e s  o f  p a t i e n t s  r e c e i v i n g  
m u l t i p l e  f l u o r o s c o p i c  e x a m i n a t i o n s  b e t w e e n  1 9 3 0  > a n d  
1 9 5 6  d u r i n g  t r e a t m e n t  f o r  t u b e r c u l o s i s  a s  w e l l  a s ^ o f  
w o m e n  t r e a t e d  w i t h  r a d i a t i o n  f o r  p o s t p a r t u m  m a s t i t i s  
d u r i n g  t h e  1 9 4 0 s  a n d  1 9 5 0 s  h a v e  h e l p e d  r j u a n t i f y  t h e  
r i s k  o f  b r e a s t  c a n c e r .  O t h e r  s t u d i e s  h a v e  i n v e s t i g a t e d  
t h e  c o n s e q u e n c e s  o f  i r r a d i a t i o n  o f  t h e  t h r y o l d  g l a n d  In  
t w o  g r o u p s  o f  c h i l d r e n .  A  t o t a l  o f  1 0 8 3 4  c h i l d r e n  
( a g e s  0 - 1 5  y e a r s )  i n  I s r a e l  r e c e i v e d  X - r a d i n t i o n  t o  t h e  
s c a l p  t o  a i d  In  t r e a t m e n t  f o r  T i n e a  c a p i t i s  ( r i n g w o r m ) .  
A l s o ,  In  R o c h e s t e r ,  N e w  Y o r k ,  2 6 5 2  I n f a n t s  r e c e i v e d

118 Dcotomaxillofac. Radiol., 1992, Vol. 21, August
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T a b ta  1 M a jo r  d a ta  j e t s  u sed  fo r risk  estim atio n *

S tu d y  p o p u la tio n Incidence o r  mortality C ancer sites T otal c a s ts ' P erson-yea rs

A to m ic  b o m b  su rv iv o rs • M orta lity A ll 5936 2 1 8 5 3 3 5
• Incidence , _• B ie w t 376 9 4 0 0 0 0

A n k y lo s in g  sp o n d y litis  p a tie n ts M orta lity  * ! L eukaem ia 36 104000
, A ll o th e r 563 104000

C a n a d ia n  f lu o ro sco p y  p a tie n ts M orta lity  . B reast 48 2  * 867541
M assa c h u se tts  f lu o ro sc o p y  p a tien ts M ortality  i B reast 74 3 0 9 3 2
N Y  m a s titis Incidence B reast 115 4 5 0 0 0

Is ra e l  t in e a  cap itis  p a t ie n ts  . Incidence T hyro id 5 5 7 1 2 0 0 0

R o c h e s te r  th y m u s-In e d lB ied  p a tien ts Incidence J ‘ T h y ro id 28 138000

•r»dmUbUi-loree(R w.
*7W»ll tha (Olll mmttcr o l t m t  ol u rttt u tn  la <W| popwlitle^. nt.Ufi’ O/ fc« of then u v  SillnrW to fr* nOltt»f-t»Ciiut n c m  cmctn.

r a d i a t i o n  t r e a t m e n t s  t o  r e d u c e  t h e  s i z e  o f  t h e i r  t h y m u s  
g l a n d .  M a n y  o t h e r  s t u d i e s  o n  s m a l l e r  g r o u p s  o f  p a t i e n t s  
h a v e  a l s o  p r o v i d e d  u s e f u l  i n f o r m a t i o n  a b o u t  t h e s e  a n d  
o t h e r  o r g a n s .  M o s t  o f  t h e  i n d i v i d u a l s  i n  t h e  s t u d i e s  
m e n t i o n e d  a b o v o  r e c e i v e d  e x p o s u r e  w e l l  a b o v e  t h e  
d i a g n o s t i c  r a n g e .  T h u s ,  i t  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  
p r o b a b i l i t y  t h a t  c a n c e r  w i l l  r e s u l t  f r o m  a  s m a l l  d o s e  b y  

e x t r a p o l a t i o n  f r o m  c a n c e r  r a t e s  o b s e r v e d  f o l l o w i n g  
e x p o s u r e  t o  l a r g e r  d o s e s .

T a b l e  I I  c o m p a r e s  s e v e r a l  r i s k s  e s t i m a t e d  f r o m  t h e s e  
s t u d i e s  o v e r  t h e  l a s t  1 3  y e a r s .  T h e  I C R P  d a t a 1 s h o w  
t h a t  t h e  e s t i m a t e d  r i s k  h a s  I n c r e a s e d  f o u r - f o l d ,  f r o m  
1 2 5  l i f e t i m e  e x c e s s  f a t a l  m a l i g n a n c i e s  p e r  m i l l i o n  
p e r s o n s  e x p o s e d  t o  l O m S v  t o  5 0 0 .  C o m p a r i s o n  o f  t h e  
B E I R  I I P  a n d  B E I R  V 3 e s t i m a t e s  a s  w e l l  a s  t h e  
U N S C E A R  1 9 7 7 s  a n d  1 9 8 8 *  e s t i m a t e s ,  h o w e v e r ,  m u s t  
i n c l u d e  c o n s i d e r a t i o n  o f  t h e  e x p o s u r e  d o s e  r a t e  i n  t h e  
l o w - d o s e  r a n g e .  T h e  c u r r e n t  I C R P  1 9 9 0 1, U N S C E A R  
3 9 8 8  ^ n d  B E I R  V 3 r e p o r t s  a l l  r e c o g n i z e  t h a t  t h e  
b i o l o g i c a l  e f f e c t s  o f  l o w  d o s e ,  l o w  d o s e - r a t e  e x p o s u r e s  
o f  i o w  L E T  r a d i a t i o n  s h o w  a  c l e a r  d o s e - r a t e  e f f e c t .  T h e  
m a g n i t u d e  o f  b i o l o g i c a l  e f f e c t s  u n d e r  s u c h  c o n d i t i o n s  i s  
b e t w e e n  2  a n d  1 0  t i m e s  l e s s  t h a n  w i t h  h i g h  d o s e - r a t e  
e x p o s u r e s .  I n  t h e  o l d e r  U N S C E A R ® ,  I C R P  2 6 7 a n d  
B E I R  I I I 3 r e p o r t s  a  l i n e a r - q u a d r a t i c  m o d e l  w a s  u s e d  t o  
e s t i m a t e  t h e  r i s k s  o f  l e u k a e m i a  a n d  a l l  o t h e r  c a n c e r s .

T a b le  I I  E s tim a te d  c a n c e r  risk  by  s tu d y  fo r low -dose exp o su re

Year

L ifetim e  
ex cess fa ta l 
m a lign a n cies  
10 ~*  l O m S v ’

D R E F '

I C R P  P u b lica tio n  26 1977 125 Included

U N S C E A R 1977 7 5 -1 7 5 Inc luded

B E l R t t l  
A b so lu te  r isk  m o d e l 
R e la tiv e  r isk  m o d e l

1980
77

226

Included

U N S C E A R  
A b so lu te  risk  m o d e l 
R e la tiv e  r isk  m o d e l

1988
400-500*
700-1100*

2 -1 0  reco m m en d ed

B E I R  V 1990 790* 2 reco m m en d ed

IC R P  P u b lic a tio n  60 1990 500 Inc luded

' DHEF (l e / # « i o r ,  p fclor to b< VKi tH« effects
reivltfof ft cm t*pcii/T* to i  low <Joie <n ti » lar* doic r»if.
'Tht n t«  (oi OfKrrs trthrr l*>«n IcvKstmU, ipprwfmtltly 13% of thi c«pc«r| trptciid 
fo)f**Hp£ M&S and fitch <hit fits <»poiw<. should to r(duc«d 67 $ fsctor of 7-10 h  
Ofdcr to compare wltN UNSCEAR ItH .

rate for c*n<«rf ctbff than WwfrMOvi, tpproafnuhlj 13% of lf>t <in<«n 
followlni ht|S <hit snd hijh d c*  rati; o p tiv it .  ihouM 11 rcdbttd by i fKior of 2 In o»d<r • 
lo compare wfth BEIR III,

• S u c h  a m o d e l  c o n t a i n s  a n  i m p l i c i t  d o s e - r a t e  e f f e c t .  I n  
; t h e  U N S C E A R  1 9 8 8  a n d  B E I R  V  r e p o r t s  a  l i n e a r -
• ^ q u a d r a t i c  m o d e l  w a s  u s e d  o n l y  f o r  l e u k a e m i a .  T h e s e  
! r e p o r t s  p r e f e r  a  l i n e a r  m o d e l  f o r  a l l  o t h e r  c a n c e r s  b u t  
l d i d  n o t  a p p l y  a  d o s e - r a t e  e f f e c t i v e n e s s  f a c t o r  ( D R E F ) .

T h i s  p l a c e s  t h e  r e s p o n s i b i l i t y  f o r  i n c l u d i n g  a  D R E F  o n  
I t h e  u s e r  o f  t h e  d a t a .  U n d e r  l o w  d o s e  a n d  l o w  d o s e - r a t e  
I c o n d i t i o n s ,  a  D R E F ,  t y p i c a l l y  o f  a b o u t  2 ,  w o u l d  b e  

u s e d .  T h i s  c h a n g e  i n  m o d e l l i n g  h a s  t h e  e f f e c t  o f  
r e m o v i n g  t h e  i n f l u e n c e  o f  d o s e - r a t e  e f f e c t s  f o r  e s t i -  
m a t e s  o f  t h e  r a t e s  o f  a l l  c a n c e r s  o t h e r  than l e u k a e m i a .

; 1  h e  I C R P  1 9 9 0  r e p o r t  u s e d  a  D R E F  o f  2  i n  i t s  r i s k  
; e s t i m a t e s .  I n  c o m p a r i n g  t h e  r a t e s  o f  e x c e s s  f a t a l  

m a l i g n a n c i e s ,  n o t e  t h a t  s o m e  e s t i m a t e s  i n c l u d e  a  
D R E F  w h i l e  o t h e r s  d o  n o t .

T h e  m a g n i t u d e  o f  t h e  D R E F  a n d  r e c o m m e n d e d  
i n d i c a t i o n s  f o r  i t s  a p p l i c a t i o n  a r e  n o t  c o n s i s t e n t  
b e t w e e n  a g e n c i e s .  T h e  I C R P  r e c o m m e n d s  a  D R E F  o f

• 2  w h e n  t h e  d o s e  i s  l e s s  t h a n  0 . 2 G y ,  c e r t a i n l y  t h e  c a s e  
f o r  d i a g n o s t i c  r a d i o l o g y .  T h e  U N S C E A R  1 9 8 8  r e p o r t  
s u g g e s t s  t h a t  D R E F  f a c t o r s  o f  2 - 1 0  c a n  b e  J u s t i f i e d .  
T h i s  r e p o r t  d e f i n e s  l o w  d o s e s  a n d  l o w  d o s e  r a t e s  a s  l e s s  
t h a n  0 . 2  G y  a n d  l e s s  t h a n  O .O S m G y  m i n " '  r e s p e c t i v e l y .  
W i t h  t h i s  d e f i n i t i o n ,  d i a g n o s t i c  e x a m i n a t i o n s  a r e  f r a c ­
t i o n a t e d  m e d i u m  d o s e - r a t e  e x p o s u r e s .  T h e  B E I R  V  
r e p o r t  s u g g e s t s  a  D R E F  o f  2  a n d  d i s c u s s e s  t h e  u s e  o f  a  
D R E F  f o r  c o n t i n u o u s  e x p o s u r e s .  T h i s  r e v i e w  a s s u m e s  
a  D R E F  f o r  d e n t a l  e x p o s u r e s  o f  2  a $  r e c o m m e n d e d  b y  
t h e  I C R P .

T h e r e  a r c  p r i m a r i l y  t w o  s o u r c e s  o f  n e w  i n f o r m a t i o n  
t h a t  c o n t r i b u t e  t o  t h e  c o n c l u s i o n  i n  t h e  c u r r e n t  I C R P ,  
U N S C E A R  a n d  B E I R  r e p o r t s  t h a t  t h e  r i s k  f r o m  
e x p o s u r e  i s  g r e a t e r  t h a n  p r e v i o u s l y  b e l i e v e d .  F i r s t ,  t h e  
m o r e  r e c e n t  s t u d i e s  o f  c a n c e r  h a d  a c c e s s  t o  a p p r o x i ­
m a t e l y  1 0  y e a r s  o f  a d d i t i o n a l  f o l l o w - u p  d a t a  f o r  t h e  
s u r v i v o r s  o f  t h e  a t o m i c  b o m b i n g s  i n  J a p a n  i n  1 9 4 5  a s  
w e l l  a s  t h e  o t h e r  g r o u p s  o f  e x p o s e d  i n d i v i d u a l s .  T h e s e  
p o p u l a t i o n s  c o n t i n u e  t o  d e m o n s t r a t e  e l e v a t e d  n u m b e r s  
o f  s o l i d  t u m o u r s .  C a n c e r  e p i d e m i o l o g i s t s  n o w  b e l i e v e  
t h a t  s u c h  e x c e s s  t u m o u r s  w i l l  c o n t i n u e  l o b e  f o u n d  f o r  
t h e  r e s t  o f  t h e  J i fo  o f  t h e s e  e x p o s e d  i n d i v i d u a l s .

E s t i m a t i o n  o f  r i s k  f r o m  g r o u p s  o f  e x p o s e d  i n d i ­
v i d u a l s  r e q u i r e s  u s e  o f  m a t h e m a t i c a l  m o d e l s  t h a t  f i t  t h e  
e p i d e m i o l o g i c a l  d a t a .  O n e  m o d e l ,  t h e  a b s o l u t e  r i s k  
m o d e l ,  s u p p o s e s  t h a t  e x p o s u r e  t o  r a d i a t i o n  r e s u l t s  i n  a  
c o n s t a n t  n u m b e r  o f  e x c e s s  n u m b e r  o f  c a n c e r s  p e r  u n i t  
e x p o s u r e  f o r  e a c h  o r g a n .  A  c o m p e t i n g  c o n c e p t ,  t h e  
r e l a t i v e  r i s k  m o d e l ,  p o s t u l a t e s  t h a t  t h e  n u m b e r  o f  
e x c e s s  t u m o u r s  i s  a  m u l t i p l e  o f  t h e  s p o n t a n e o u s  r a t e  f o r
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each organ. The B E IR  V and IC R P  1990 reports 
generally  reject the absolute risk model considered in 
U N SC EA R  1988 and B E IR  111 in favoi ro f lh e  relative 
risk  m odel. ThE conclusion that the relative risk model 
is  more appropriate follows from the observation that 
the number o f excess cancers per unit dose increases In* 
proportion w ith the number o f spontaneous cancers as 

. the population at r isk  is  ageing. Thus, the number o f 
excess cancers induced by radiation Is considered to be 
a m ultip le o f the spontaneous rate rather than indepen­
dent o f it. Adoption o f the relative risk model accounts 
for part oT Ihe Increased risk  In the B E IR  V and IC R P 
1990 reports. T h is model may also overestimate it, as 
Individuals may not be at r isk  over their whole lifespa-i.

A  second cause for the increased risk estimates is  the 
result o f reassessment o f the A-bomb dosimetry, called 
the New Dosimetry System , or DS86. The tentative 
1965 dose estimates (T 65 ) indicated that the blast at 
H iroshim a contained a  significant neutron component. 
Because o f the high re lative b iological effectiveness of 
neutrons, radloblo iogists believed that the neutron 
exposure contributed significantly to the short- and 
long-term  morbidity and mortality. The D S86 showed 
that the neutron contribution was about ten times 
sm alle r than previously calculated. Thus, the adverse 
effects seen  in H iroshim a are more attributable to the 
gam m a ray expc/sure than previously believed. At 
N agasak i, where scientists had thought that gamma 
radiation was the primary source o f radiation exposure, 
it  is  now clear that it w as little more than half the 
previous estimate. T h is re-analysis o f the dosimetry 
from  both cities suggests that the D S86 doses are about 
h a lf the 1965 estimate and, thus, the effectiveness o f 
gam ma ray e xp o su re  is  about twice the previous 
estim ate.

T ib l«  I l f  U fc ilm o  m o rta lity  {n « p o p u la tio n  o f  nil a g e s  fro m  specific  
fatal can ce r a f te r  e a p o ju tc  to  low  d o je j "

So m a tic  e ffec ts

Som atic effects are those seen  in the irradiated indi­
v idual. T he most important o f 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 o f the total number that occur spontaneously. 
T he B E IR  V  committee estimates that a sing le , brief 
wholc-body exposure o f  0.1 G y  to  1 00000  people 
resu lts in about 443 additional cancer deaths over the 
lifetim e o f the exposed ind iv iduals, assum ing a D R E F  
o f 2  for cancers other than leukaem ia*. This is  in 
addition to the 2 0 0 0 0  that would occur spontaneously. 
T he  B E IR  V estim ate compares well with the IC R P  
1990 estimate o f 500 lifetime fatal cancers per 10000 
exposed persons per Sv. Tab le I I I  prcscn” .ie IC R P  
estimated distribution o f such radia,.on-induced 
cancers. Cancers other than leukaem ia typically start 
to appear about 10 years fo llow ing exposure and 
rem ain in excess for as long as most exposed popula­
tion s are followed, presumably for the lifetime o f the 
exposed ind iv iduals. The risk from exposure during

" T h is  U c a lcu la te d  fro m  t ib l c  4 - 2  o f  B E IR  V  a j  follow s: T h e  ra le  of 
e x c e o  le u k a e m ia  p e r  10000 m a l ts  ex p o sed  to  I Sv Is 110 a n d  Ihe 
fe m a le  ra le  Is 80; Ihe  av e rag e  Is 95 . T h e  n o n -ltu k a c m la  ra le  for m ales 
Is 66 0  a n d  fo r  fem a le s  Is 730 ; th e  av e rag e  Is 695. A pp ly ing  a  D R E F  o f 
2  th e  n o n -le u k a e m ia  ra le  b e co m es  3 4 7 .5 . T h u s , th e  to ta l o f  th e  
le u k a em ia  a n d  n o n -le u k a e m la  ra le s  is 447 .5 .

1
1
1

Fatal p r o b a b ility co e jp c te n /  (J O ^ S y ' ' }

I C R P  (19 77) IC R P  (1990)

B lad d er _ 3 0
B o n e  n m ro w 20 • SO
B one surface 5 5
B reas t 25 2 0
C o lo n 85
L iver __ . 15
l l tn g  _ 2 0 85
O esophagus _ 30
O v ary — 10
Skin ___ 2
S tom ach ___ 110
T h y ro id S 8
R em ain d e r’ 50 5 0
T o ta l 125*., ' 5 0 0 ’

B-ifftum ICRP itw'.
Tat tyipwiKon of llw MpitinUrr l» ^uilr iilTtrtnt In lS< o n . Cinicntly. (he 
rtiyalnarr ti'cvmporid of (he fctlo»rin| «ddirio*ut risiun *n4 urjtni: mjrtnxb. bnln, 

tarea Inlatlur. imiU fnliitlrse. fcieflry. raoicSo, panmr,. Spleen. tbjmu, and VUrvs, 
Tail lots! m  u<d for toih «nd ihe itntnl public
-Tali dsri pen,in, to the irntral public. The (out fsul ctoeer nil; (cf i  hotUnj population
Ufclen wbedOQxItr'S*-'.I

childhood Is about tw ice a s large a s for adu lts. W hen 
elderly ind iv iduals are exposed, the number o f 
expected excess cancer deaths declines because these 
individuals may not live long enough fo r the cancer to 
develop.

jThe follow ing brie f discussion o f the som atic effects 
ofj exposure to radiation w ill pertain  largely  to those 
organs exposed during dental rad iography.

I
L e u k a e m i ai
The incidence o f leukaem ia (o ther than chronic lym- 
pHocytic leukaem ia ) r ise s fo llow ing X -ray  exposure to 
the red bone m arrow . A tom ic bomb surv ivors and 
patients irradiated for anky lo sing  spondylitis show a 
wave o f leukaem ias appearing w ithin 5  years fo llow ing 
exposure and returning to base line rates w ithin 30  
years. The m ortality data for leukaem ia are compatible 
with a linear-quadratic dose-responsc relationship . 
Children under 20  years a je  more at r isk  than adults. 
R^d bone marrow in the head and neck o f adults is 
found in the body o f the m andib le, calvarium  and 
cervical spine.

Thyro id  can ce r
The incidence of thryoid carcinom as (a r is in g  from the 
follicular ep ithelium ) increases in hum ans fo llow ing 
ex jo su re to ion izing rad iation . About 10%  o f ind i­
viduals with such cancers die from their d isease . The 
best studied groups arc the Israe li children irradiated to 
th<f scalp for ringworm , the children in Rochester 
irradiated to ihe thymus g land , and atomic bomb 
survivors. Susceptib ility to radiation-induced thyroid 
cancer is greater early in childhood than at any time 
latjsr in life. Fem ales are three tim es more susceptib le 
ihdn males to both radiogenic and spontaneous thyroid 
cancer (•’’ see p. 2 98 ).

Done cancer
Irradiation o f bone periosteal and endosteal surfaces 
carries the risk  o f excess bone m alignancies, mostly
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o s t e o s a r c o m a .  T l i c  d o s i m e t r y  d a t a  o n  c a n c e r s  a r i s i n g  
f r o m  b o n e  s u r f a c e s  In  h u m a n s  f o l l o w i n g  e x p o s u r e  t o  
l o w - L E T  r a d i a t i o n  i s  f a i r l y  s p a r s e  a n d  n o t  s u i t a b l e  f o r  
r i s k  e s t i m a t i o n .  T h e  J a p a n e s e  A - b o m b  s u r v i v o r s  s h o w  
n o  e l e v a t e d  b o n e  t u m o u r s  f o l l o w i n g  e x p o s u r e  u p  t o  
4  G y .  T h e  B E I R  V  c o m m i t t e e  u s e d  d a t a  f r o m  i n t e r n a l l y  
d e p o s i t e d  r a d o n  ( w h i c h  e m i t s  h i g h - L E T  B l p h a  p a r ­
t i c l e s )  in  h u m a n s  f o r  r i s k  e s t i m a t e s .  T o  e s t i m a t e  t h e  r i s k  
o f  l o w - L E T  r a d i a t i o n ,  t h e y  u s e d  a  r e l a t i v e  e f f e c t i v e n e s s  
C g u a l l iy ^  f a c t o r  o f  2 0  t o  c o r r e c t  f o r  t h e  m o r e  h a r m f u l  
h i g h - L E T  a l p h a  p a r t i c l e  e m i s s i o n .  T h e y  a l s o  r e v i e w e d  
r i s k  e s t i m a t e s  f r o m  I n t e r n a l l y  d e p o s i t e d  b e t a  e m i t t e r s  
( p r i m a r i l y  w S r )  i n  l a b o r a t o r y  a n i m a l s  ( 3 s e e  p .  3 0 6 ) .

O e s o p h a g e a l  c a n c e r

T h e r e  Is  l i m i t e d  d a t a  o n  o e s o p h a g e a l  c a n c e r .  E x c e s s  

c a n c e r s  d e v e l o p e d  In  t h e  J a p a n e s e  a t o m i c  b o m b  
s u r v i v o r s  a s  w e l l  a s  i n  p a t i e n t s  t r e a t e d  w i t h  X - r a y  f o r  
a n k y l o s i n g  s p o n d y l i t i s .

B r a i n  a n d  n e r v o u s  s y s t e m  c a n c e r

P a t i e n t s  e x p o s e d  t o  d i a g n o s t i c  e x p o s u r e  i n  v i t e r o  a n d  t o  

t h e r a p y  d o s e s  i n  c h i l d h o o d  o r  a s  a d u l t s  ( a v e r a g e  

m i d b r a i n  d o s e  o f  a b o u t  1  G y )  s h o w  e x c e s s  n u m b e r s  o f  
m a l i g n a n t  a n d  b e n i g n  b r a i n  t u m o u r s .  I n  a d d i t i o n ,  a  
r a s e - c o n t r o l  s t u d y  h a s  s h o w n  a n  a s s o c i a t i o n  b e t w e e n  
i n t r a c r a n i a j  m e n i n g i o m a s  a n d  p r e v i o u s  m e d i c a l  o r  
d e n t a l  r a d i o g r a p h y * .  T h e  s t r o n g e s t  a s s o c i a t i o n  f o r  
t h e s e  m e n i n g i o m a s  w a s  w i t h  a  h i s t o r y  o f  e x p o s u r e  t o  
f u l l - m o u i h  d e n t a l  r a d i o g r a p h s  w h e n  l e s s  t h a n  2 0  y e a r s  
o f  a g e .  I t  i s  l i k e l y  t h a t  t h e s e  p a t i e n t s  r e c e i v e d  s u b s t a n ­
t i v e l y  m o r e  e x p o s u r e  t h a n  w h e n  u s i n g  c o n t e m p o r a r y  
r a d i o g r a p h i c  t e c h n i q u e s .

S a l i v a r y  g l a n d  c a n c e r

T h e  i n c i d e n c e  o f  s a l i v a r y  g l a n d  t u m o u r s  i s  i n c r e a s e d  i n  
p a t i e n t s  t h e r a p e u t i c a l l y  i r r a d i a t e d  f o r  d i s e a s e s  o f  t h e  
h e a d  a n d  n e c k ,  i n  t h e  J a p a n e s e  A - b o m b  s u r v i v o r s ,  a n d  
i n  p e r s o n s  e x p o s e d  t o  d i a g n o s t i c  l e v e l s  o f  X - r a d i a t i o n .  
S e v e r a l  s t u d i e s  h a v e  f o u n d  a n  a s s o c i a t i o n  b e t w e e n  
t u m o u r s  o f  t h e  s a l i v a r y  g l a n d s  a n d  d e n t a l  r a d i o g r a p h y ,  
t h e  r i s k  b e i n g  h i g h e s t  i n  t h o s e  r e c e i v i n g  f u l l - m o u t b  
e x a m i n a t i o n s  ( F M S )  b e f o r e  t h e  a g e  o f  2 0 s . O n l y  
i n d i v i d u a l s  r e c e i v i n g  a n  e s t i m a t e d  c u m u l a t i v e  p a r o t i d  
d o s e  o f  0 . 5  G y  o r  m o r e  s h o w e d  a  s i g n i f i c a n t  c o r r e l a t i o n  
b e t w e e n  d e n t a l  r a d i o g r a p h y  a n d  s a l i v a r y  g l a n d  
t u m o u r s 9 .  T h e  c u r r e n t  I C R P  m o d e l  f o r  e s t i m a t i o n  o f  
c a n c e r  r i s k  d o c s  n o t  i n c l u d e  t h e  s a l i v a r y  g l a n d s  a s  a n  
o r g a n  a t  r i s k ,  a l t h o u g h  V c l d e r s  e l  a l } °  a r g u e  t h a t  t h e r e  is  
s u f f i c i e n t  e v i d e n c e  o f  h a r m  t o  J u s t i f y  i t

C a n c e r  o f  o t h e r  o r g a n s

O t h e r  o r g a n s  s u c h  a s  t h e  s k i n ,  p a r a n a s a l  s i n u s e s  a n d  
b o n e  m a r r o w  ( m u l t i p l e  m y e l o m a )  a l s o  s h o w  e x c e s s  

c a n c e r s  f o l l o w i n g  e x p o s u r e .  T h e  m o r t a l i t y  a n d  
m o r b i d i t y  e x p e c t e d  f o l l o w i n g  h e a d  a n d  n e c k  e x p o s u r e  
i n  t h e s e  o r g a n s  i s  m u c h  l e s s  t h a n  f o r  t h o s e  d e s c r i b e d  
a b o v e .

M e n t a l  r e t a r d a t i o n

S t u d i e s  o f  i n d i v i d u a l s  e x p o s e d  i n  u t c t o  h a v e  s h o w n  t h a t  
t h e  d e v e l o p i n g  h u m a n  b r a i n  I s  r a d i o s e n s i t i v e ,  p a r t l c u -

T a b le  IV  E s tim a ted  h e r i ta b le  e f fe c ts  o f  p o p u la tio n  e x p o su re  to  
lO m Sv p e r  gen era tio n *

T y p e  o f  
d iso rd er

Current In c id en c e  
p e r  m illio n  live 
born o ffs p r in g

A d d itio n a l firsl-gen eroilon  
c o sts I 0 ~ t< liv tb o rn  o ffsp rin g  
lO m S v '1

A u to so m a l
d o m in a n t

•

S evere 2 5 0 0 3 - 2 0
M ild 7 5 0 0 1 -1 5

X-linfccd 400 < 1
R e e e a lv e 2 5 0 0 < 1

C o n g e n ita l
a b n o r tn a ll l le i

2 0 0 0 0 -3 0 0 0 0 to

'A d i f U t  /rom t,> u  2-1 e l BE IR  V \

l a r l y  b e t w e e n  8  a n d  1 5  w e e k s  o f  g e s t a t i o n a l  a g e .  S e v e r e  
m e n t a l  r e t a r d a t i o n  a p p e a r s  t o  s h o w  a  t h r e s h o l d  w i t h  a  
( o w e r  b o u n d  o f  0 . 1 2 - 0 . 2  G y 1 f n  t h e  c a s e  o f  l e s s  s e v e r e  
m e n t a l  r e t a r d a t i o n ,  t h e r e  Is  a n  e s t i m a t e d  d e c r e a s e  o f  3 0  
I Q  p o i n t s  p e r  S v  d u r i n g  t h i s  p e r i o d  ( ' s e e p .  1 4 7 ) .  T h e r e  
i s  l e s s  r i s k  o f  m e n t a l  r e t a r d a t i o n  o c c u r r i n g  f r o m  
e x p o s u r e  a t  o t h e r  g e s t a t i o n a l  a g e s .  T h e  r i s k  f r o m  d e n t a l  
r a d i o g r a p h y  i s  e s s e n t i a l l y  n o n - e x i s t e n t ;  t h e  u t e r i n e  d o s e  

f r o m  a  F M S  i s  l e s s  t h a n  0 . 0 1 / * G y 'z .

j Cataract o f the eye lens
: T h e  t h r e s h o l d  f o r  i n d u c t i o n  o f  c a t a r a c t  o f  t h e  e y e  l e n s  
, r a n g e s  f r o m  a b o u t  2  G y  w h e n  t h e  d o s e  i s  r e c e i v e d  i n  a  
; s i n g l e  e x p o s u r e ,  t o  m o r e  t h a n  5  G y  w h e n  t h e  d o s e  Is  
! r e c e i v e d  i n  m u l t i p l e  e x p o s u r e s  o y e r  a  p e r i o d  o f  w e e k s  
\ c  s e e  p .  3 6 3 ) .  T h e s e  t h r e s h o l d s  a r e  f a r  g r e a t e r  t h a n  t h e  
:• d o s e  r e c e i v e d  w i t h  c o n t e m p o r a r y  d e n t a l  r a d i o g r a p h i c  
j t e c h n i q u e s 13-' 3 .

i Heritable effects

• H e r i t a b l e  ( g e n e t i c )  e f f e c t s  a r e  t h o s e  s e e n  in  t h e  
! p r o g e n y  o f  i r r a d i a t e d  i n d i v i d u a l s .  T h e r e  i s  l i t t l e  i n f o r -  
j m a t i o n  a b o u t  t h e  h e r i t a b l e  e f f e c t s  o f  r a d i a t i o n  e x p o s u r e  
J i n  m a n  a n d ,  t o  d a t e ,  s u c h  e f f e c t s  h a v e  n o t  b e e n  c l e a r l y  
1 d e m o n s t r a t e d .  T h e r e  i s  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  i n -  
: c r e a s e  i n  g e n e t i c a l l y  r e l a t e d  d i s e a s e  i n  t h e  c h i l d r e n  o f  
i a t o m i c  b o m b  s u r v i v o r s ,  C u r r e n t  k n o w l e d g e  o f  h e r i t a b l e  
j e f f e c t s  f o l l o w i n g  r a d i a t i o n  e x p o s u r e  d e r i v e s  l a r g e l y  
i f r o m  w o r k  o n  m i c e .  T a b l e  I V  s h o w s  t h e  e s t i m a t e d  

' h e r i t a b l e  e f f e c t s  i n  m a n  f o l l o w i n g  a n  e x p o s u r e  t o  t h e  
! p o p u l a t i o n  o f  l O m S v  p e r  g e n e r a t i o n .  T h e s e  e s t i m a t e s  
i r e s u l t  p r i m a r i l y  f r o m  h u m a n  a n d  m o u s e  d a t a .  T h e  
; B E I R  V ,  I C R P  a n d  U N S C E A R  c o m m i t t e e s  e s t i m a t e  
, t h a t  a t  l e a s t  I S v  o f  l o w  d o s e - r a t e  X - r a d i a t i o n  t o  e a c h  
: m e m b e r  o f  t h e  p o p u l a t i o n  i s  r e q u i r e d  t o  d o u b l e  t h e  
|  m u t a t i o n  r a t e  i n  m a n ' - 3 . T h e  p r o b a b i l i t y  o f  h e r i t a b l e  
|  e f f e c t s  r e s u l t i n g  f r o m  d e n t a l  r a d i o g r a p h y  Is  q u i t e  l o w ,  
i a s  t h o  a n n u a l  g e n e t i c a l l y  s i g n i f i c a n t  d o s e *  f r o m  d e n t a l  

! r a d i o g r a p h y  Is  0 . 0 8  p - S v  i n  c o u n t r i e s  w j i b  a  h i g h  l e v e l  
! o f  h e a l t h  c a r e  a n d  l e s s  i n  o t h e r  c o u n t r i e s  ( 2 s c o  p . 2 8 9 ) .  

T h e  I n d i v i d u a l  g o n a d a l  d o s e  f o l l o w i n g  a  F M S  i s  l e s s

'T h e  genetfcally  s ig n if ic a n t d o i t  I t Ihe  d o so  th a t .  If re ce iv ed  by  ev ery  
: m e m b e r  o f  (he  p o p u la t io n ,  w o u ld  b e  e x p e c te d  to  re su lt In th e  i« m e  
to ta l  h e rita b le  In ju ry  to  th e  p o p u la t io n  a i  d o  th e  ac tu a l g o n ad a l d o rc i  
re c e iv e d  by  th e  In d iv id u a ls  e x p o se d .
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T a b le  Y  A v e ra g e  a n n u e l  e ffe c tiv e  d o s e  o f  lo n l i ln g  ra d ia tio n s  to  a 
m e m b e r  o f  th o  U S  p o p u la tio n * '

D o st
(m S v )

P o p v b tto n
( * >)

N a tu ra l * .
R a d o n 2 .0 3 5
C o sm ic 0 .2 7 8 .0
T e j . 'c i t r ia l 0 .2 8 8 .0
In te rn a l 0 .3 9 11

A rtif ic ia l
M ed ica l

X -ra y  d iag n o sis . 0 .3 9 11
N u c le a r  m e d ic in e . 0 .1 4 4 .0

C o n ru m e r  P r o d u c ts 0 .1 0 3 .0
O th e r

O c c u p a tio n a l
N u c le a r  fu e l c y c le < 0 .0 1 < 0 .3
F a llo u t < 0 .0 1 < 0 .0 3

T o ta l < 0 .0 1 < 0 .0 3

3 .6 to o

pint from («t>le 13 oI BEIR V>.

t h a n  0 . 0 1  u S v  I n  a n  a d u l t  f e m a l e 13 a n d  1 0 / i S v  o r  l e s s  
I n  m a l e s 1 . T h e  g o n a d a l  d o s e  i s  s o  s m a l l  f r o m  d e n t a l  
r a d i o g r a p h y  t h a t  t h e  r i s k  o f  h e r i t a b l e  d e f e c t s  i s  n e g l i ­
g i b l e  i n  c o m p a r i s o n  w i t h  t h e  s o m a t i c  r i s k * .

D e n t a l  r i s k  I m p l i c a t i o n s

T o  g a i n  a  p e r s p e c t i v e  o n  t h e  m a g n i t u d e  o f  d e n t a l  
e x p o s u r e ,  i t  i s  i n s t r u c t i v e  l o  r e v i e w  a  l i s t i n g  o f  m a j o r  
s o u r c e s  o f  r a d i a t i o n .  T a b l e  V  s h o w s  t h e  a v e r a g e  a n n u a l  
e f f e c t i v e  d o s e  o f  i o n i z i n g  r a d i a t i o n s  t o  a  m e m b e r  o f  t h e  
U S  p o p u l a t i o n * .  D i a g n o s t i c  r a d i a t i o n  a c c o u n t s  f o r  o n l y  
a b o u t  U %  o f  a l l  e x p o s u r e .  O n l y  a b o u t  1 %  o f  t h i s  1 1 % ,  

o r  a b o u t  0 . 1 %  o f  t h e  t o t a l  e x p o s u r e ,  r e s u l t s  f r o m  d e n t a l  
r a d i o g r a p h y  ( 3  s e e  p .  2 8 8 ) 1,  C o m p a r e  t h i s  t o  r a d o n ,  f o r  
i n s t a n c e ,  w h i c h  i s  e s t i m a t e d  t o  c o n t r i b u t e  m o r e  t h a n  
h a l f  t h e  h u m a n  e x p o s u r e .  E s t i m a t i o n  o f  r i s k  f r o m  
d e n t a l  r a d i o g r a p h y  i n  t h i s  d i s c u s s i o n  w i l l  f o c u s  f i r s t  o n  
c a n c e r  f a t a l i t i e s  a n d  t h e n  o n  t h e  e f f e c t i v e  d o s e .

Fatal cancers
T h e  r i s k  o f  f a t a l  c a n c e r s  r e s u l t i n g  f r o m  a  r a d i o g r a p h i c  
e x p o s u r e  i s  t h e  s u m  o f  t h e  r i s k s  o f  i n d i v i d u a l  r a d i o s e n s i ­
t i v e  o r g a n s .  T h e  I C R P  1 9 9 0  r e p o r t  e s t i m a t e s  t h o  
l i f e t i m e  m o r t a l i t y  c o e f f i c i e n t s  f o r  l o w  d o s e  e x p o s u r e  f o r  
1 2  s p e c i f i c  o r g a n s  ( T a b i c  I I I ) .  T h e  p r o b a b i l i t y  c o e f f i ­
c i e n t s  f o r  f a t a l  c a n c e r s  f o r  s t r u c t u r e s  i n  t h e  p r i m a r y

• I f  th o  risk o f  h e r i ta b le  d e fe c ts  Is ta k e n  to  b e  30  id d h lo m l  first- 
g e n e ra t io n  ca se s  p e r  m illio n  llv c b o m  o ffsp rin g  p e r  tO m S v  (T ab le  IV ) 
■ nd th o  a v e rag e  e x p o s u r e  to  e v e ry  m e m b e r  o f  th e  p o p u la tio n  Is ta k e n  
as  0 .5 /s G y  ( o n e - te n ih  t h e  a v e ra g e  o f  th e  m a le  an d  fem ale  g o n a d a l 
e x p o su re  fro m  a  fu ll -m o u th  se t o f  ra d io g ra p h s )  th e n  th e  h e rita b le  risk 
Is 1 .5 k  ]0"* . T h Js  Is m o r e  th a n  th r e e  o r d e n  o f  m ag n itu d e  le s t  th a n  
th o  jo m a tle  r is k  e s t im a te d  o n  T n b io  V J.
*1710 v a lu e s  s h o w n  in  th is  to b lo  a re  c o n s is te n t w ith  th o s e  in 
U N S C E A R  ( J s e e  p .  *1 ) th n l  re f le c t ih e  g re a te r  ran g e  o f  e x p o su re !  
fo u n d  in  d if f e r e n t r e g io n s  o f  th e  w o rld .
*Thl» v a lu e  is  r e p r e s e n ta t iv e  o f c o u n tr ie s  w ith  ■ h igh  level o f  h e a lth  
c a re .  T h e  d e n ta l  f r a c tio n  o f  to ta l  e x p o s u re  will d e p en d  o n  the  
c o u n try ,  a t  b o th  th e  r a te  o f  e x p o su re  ( ’ s ee  p .  273) a n d  th e  m ean  
e ffe c tiv e  d o se  (* t e e  p . 28G ) vaty b y  c o u n try .

b e a m ,  e . g .  b o n e  m a r r o w  a n d  t h y r o i d ,  a r e  n o w  h i g h e r  
t h a n  in  1 9 7 7  f o r  t h e  r e a s o n s  d e s c r i b e d  a b o v e .  T h o  
j j r o d u c l  o f  t h e s e  m o r t a l i t y  c o e f f i c i e n t s  a n d  o r g a n  d o s e s  
r e c e i v e d  d u r i n g  a  r a d i o g r a p h i c  e x a m i n a t i o n  y i e l d s  
f a t a l i t y  e s t i m a t e s  f o r  t h a t  e x a m i n a t i o n .  T h e  r e m a i n d e r  
o r g a n s  a r e  t h o s e  k n o w n  t o  b e  r a d i o s e n s i t i v e  b u t  w h o s e  
r / s k  c o e f f i c i e n t  is  t o o  l o w .  o r  n o r  k n o w n  w i t h  s u f f i c i e n t  
p r e c i s i o n ,  t o  l i s t  s e p a r a t e l y .  T h e  c a n c e r  r i s k  a l s o  
d e p e n d s  o n  t h e  a g e  a n d  s e x  o f  t h e  e x p o s e d  i n d i v i d u a l .  
T h e  r i s k  e s t i m a t e s  p r e s e n t e d  h e r e  p e r t a i n  t o  t h e  g e n e r a l  

p u b l i c ,  i n  t h a t  t h e y  a r c  d e r i v e d  o n  t h e  b a s i s  o f  t y p i c a l  

a g e  a n d  s e x  d i s t r i b u t i o n  ( ’ s e e  p .  1 2 8 ) .
! T h e  d e n t a l  l i t e r a t u r e  c o n t a i n s  s e v e r a l  s t u d i e s  r e p o r t -  

i f i g  s u f f i c i e n t  d o s i m e t r i c  d a t a  f o r  r a d i o s e n s i t i v e  s i t e s  i n  
i f i e  h e a d  a n d  n e c k  t o  a l l o w  e s t i m a t i o n  o f  t h e  r i s k  o f  
f p ( a !  c a n c e r s  f r o m  i n t r a - o r a l  a n d  p a n o r a m i c  r a d i o ­
g r a p h y .  T o  e s t i m a t e  t h e  r i s k  f r o m  i n t r a - o r a l  r a d i o ­

g r a p h y  a n d  c o m p a r e  t h e  r e s u l t s  f r o m  v a r i o u s  s t u d i e s ,  i t  
v t a s  n e c e s s a r y  t o  d e f i n e  c o m p a r a b l e  e x p o s u r e  c o n d i ­
t i o n s .  T h i s  s t u d y  w i l l  f i r s t  c o n s i d e r  a  F M S  e x p o s e d  a t  
7 0 k V p " w i t h  D - s p e e d  f i l m  a n d  r o u n d  o p e n - e n d e d  
a i m i n g  c y l i n d e r s  a s  t h e  b a s i s  f o r  c o m p a r i s o n  o f  r e s u l t s .  
T a b i c  V I  c o m p u t e s  t h e  p r o b a b i l i t y  o f  f a t a l  c a n c e r s  p e r  
T r i l l i o n  F M S  m a d e  u n d e r  t h e s e  c o n d i t i o n s .  T h i s  t a b i c  
i n c o r p o r a t e s  s e v e r a l  a d j u s t m e n t s  t o  t h e  p r i m a r y  d a t a .  
F j i r s t ,  t h e  r i s k  e s t i m a t e s  w e r e  m a d e  u s i n g  t h e  o r i g i n a l  
d o s i m e t r y ,  b u t  w i t h  t h e  c u r r e n t  I C R P  r i s k  f a c t o r s .  
F u r t h e r ,  E - s p e e d  f i lm  d o s e  v a l u e s  w e r e  d o u b l e d  a n d  
C - s p e e d  d o s e  v a l u e s  w e r e  h a l v e d  t o  e s t i m a t e  c o m p a r ­

a b l e  D - s p e c d  d o s e  v a l u e s .  T h e  d o s e  r e s u l t i n g  f r o m  o n e  
b j t e w l n g  e x p o s u r e  w a s  e q u a t e d  t o  o n e - t w e n t i e t h  o f  a  
F M S .  W h e n  d a t a  f r o m  b o n e  s u r f a c e  e x p o s u r e  w a s  
m i s s i n g  i t  w a s  e s t i m a t e d  t o  b e  4 . 6 4  t i m e s  t h e  m a r r o w
exposure16.

j T h e  a v e r a g e  o f  t h e  s e v e n  s t u d i e s  i n  T a b i c  V I  s h o w s  
d i a t  t h e  h i g h e s t  e s t i m a t e d  r i s k s  a r e  f o r  l e u k a e m i a  ( b o n e  
m a r r o w ) ,  t h y r o i d  a n d  b o n e  s u r f a c e  c a n c e r .  T h e  e s t i ­
m a t e d  r i s k s  f o r  l e u k a e m i a  ( b o n e  m a r r o w )  a n d  t h y r o i d  
c a n c e r  a r c  g r e a t e r  t h a n  p r i o r  e s t i m a t e s  b e c a u s e  o f  t h e

T ib le  VI R isk  o f  fa ta l cancers  p e r  m illio n  FM S*
I

4 R eferences

A v era ge1 0 ' n 77 IQ 7 9 ' 1 5 1 1 6 X

G o n ad s ., , . —

E p n e  m arro w 0.4 i . i 0 .6 0 .3 1.3 0.1* 1.4 0 .7
C o lo n __ _ .__ — — —
L u n g 0.2 0.1 ---- O .l 0 .2 — — o . t
S to m ach — — --- — — ' — — —
B la d d er
B re a s t — 0 .2 0 .2 — — o .t
L iv e r — —, _ — — — —
O esophagus — 0.5 — — — — 0.1
T h y ro id 0 .2 1.3 0.1 0 .4 0.1 2 .2 1-0 0 .8
S k in 0.1 — 0.1 — — — —
B b n e  ju rface 0 .3 !.1 0 .7 0 .1 '* 0 .6 — 0 .7 0.5
R em ain d e r 0 .8 ' 0 .5 0.1 0.1 0 .5 0.1 0 .3 0 .3
S jim 1.9 4 .5 1.4 1.0 2 .6 2 .4 3 .4 2 .5

(lint end rovod
multiplied by 20 lo «quit< ctK *5|h I (\#l|.mowlh (lamination,

’ Dili mufriplfcd by 10 10 «\uitv Irro Wlc**lnp *Hh ft fulf-moulh fMmlnahoo.
*D«U OWdcd by 1,7 (q <qum <apcturrf of 7V% C-rprtd film and 30% D-lptfd flloi * 0  *11 
D-ipccd film.
Data ddubtcd (o C*fp«d film d«l* lo D*p#«d film.

mifnjw (n mtfidibU anumtd to cowlIhiK 1.3* of body bona mano**.
**Dcx IP bonf lof/ic* tvv'nad •<) b* limn tha* of bone tnartO*.

Method of compulation r f rxmafod<f * modification cf lb* 1CRT method tfld *»Kd bar* 
al pUbll»N<d.
— .  < 0 .0 5 .
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e l e v a t e d  f a t a l  p r o b a b i l i t y  c o e f f i c i e n t s  ( T a b l e  I I I ) .  
W h I J o  t h e  r e l a t i v e  r i s k  f o r  b o n e  c a n c e r  i s  l o w e r  t h a n  f o r  
b o n e  m a r r q w  a n d  t h y r o i d ,  t h e  r e l a t i v e l y  h i g h  d o s e  
a b s o r b e d  a ? ' t h e  b o n e  s u r f a c e s  g i v e s  t h i s  s i t e  a  c o m p a r ­
a b l e  r i s k .  T h e  r i s k  o f  b o n e  c a n c e r  f a l l o w i n g  d e n t a l  
e x p o s u r e ,  h o w e v e r ,  i s  e s p e c i a l l y  s u s p e c t .  B e c a u s e  o f  
t h e  l a c k  o f  e v i d e n c e  r e l a t i n g  l o w  L E T  e x p o s u r e  b e lo w  
4  G y  w i t h  o s t e o s a r c o m a ,  i t  m a y  b e  t h a t  t h i s  r i s k  is  
c o n s i d e r a b l y  o v e r e s t i m a t e d .

I t  i s  s t r i k i n g  t h a t  e v e n  w i t h  t h e  c u r r e n t  h i g h e r  r i s k  
c o e f f i c i e n t s ,  t h e  a v e r a g e  r i s k  r e p o r t e d  in  T a b l e  V I ,  2 .5  
f a t a ]  m a l i g n a n c i e s  p e r  m i l l i o n  F M S ,  Is  g e n e r a l l y  le s s  
t h a n  p r e v i o u s l y  r e p o r t e d .  G i b b s  d a l .  e s t i m a t e d  th e  r i s k  
t o  b e  s e v e n  f a t a l  c a n c e r s  p e r  m i l l i o n  e x a m i n a t i o n s  In  3 0 -  
y e a r - o l d  i n d i v i d u a l s 12. U n d e r h i l l  e r a / . 22 c o n c l u d e d  t h a t  
f o r  a  F M S  u s i n g  r o u n d  c o l l i m a t i o n  a n d  E - s p e e d  f i lm  
t h e r e  a r e  a b o u t  f i v e  f a t a l i t i e s  p e r  m i l l i o n  e x a m i n a t i o n s  
i n  3 0 - y c a r * o l d  i n d i v i d u a l s .  B e n g s t s s o n 1® p u t  i t  a t  1 2  
d e a t h s  p e r  m i l l i o n  F M S  w h i l e  G r e g g 20 c a l c u l a t e d  t h r e e  
c a s e s  p e r  m i l l i o n  f o u r - f i l m  d e n t a l  e x a m i n a t i o n s  a n d  
t h u s  1 5  p e r  m i l l i o n  F M S .  T h e  d i f f e r e n c e  i n  t h e  r i s k s  
c o m p u t e d  i n  t h i s  r e p o r t  a n d  t h o s e  o r i g i n a l l y  r e p o r t e d  
b y  t h a  a u t h o r s  o f  t h e  s t u d i e s  c i t e d  r e s u l t s  f r o m  t w o  
c o m p e t i n g  e f f e c t s .  T h e r e  i s  a n  i n c r e a s e d  r i s k  e s t i m a t e d  : 
f r o m  o r g a n s  k n o w n  t o  b e  r a d i o s e n s i t i v e ,  l i s t e d  in  T a b l e  
I I I ,  a n d  a  r e d u c e d  r i s k  e s t i m a t e d  f o r  t h e  r e m a i n d e r  ! 
o r g a n s  w h o s e  r a d i o s e n s i t i v i t y  i s  l e s s  w e l l  e s t a b l i s h e d .  ' 
T h e  c u r r e n t  ‘. C R P  m e t h o d  o f  c o m p u t i n g  t h e  d o s e  t o  t h e  
r e m a i n d e r  o r g a n s  ( a n  a v e r a g e  o f  t h e  o r g a n s  l i s t e d  i n  : 
f o o t n o t e 2 o f  T a b l e  H I )  r e s u l t s  i n  a  s m a l l e r  e s t i m a t e d  

d o s o  t o  t h e  r e m a i n d e r  o r g a n s  t h a n  u s i n g  t h e  p r e v i o u s  : 
I C R P  m e t h o d .  I n  t h e  c u r r e n t  r e p o r t ,  t h e  r e m a i n d e r  * 
o r g a n s  a c c o u n t  f o r  o n l y  a b o u t  1 0 %  o f  t h e  t o t a l  r i s k .  ! 
G i b b s  e t a / . 12,  f o r  i n s t a n c e ,  f o u n d  t h a t  t h e  r i s k  r e s u l t i n g  
f r o m  e x p o s u r e  t o  t h e  r e m a i n d e r  o r g a n s  w 2s  a b o u t  1 0  
t i m e s  l a r g e r  t h a n  i n  t h e  c u r r e n t  r e p o r t  a n d  a c c o u n t e d  
f o r  a b o u t  t w o - t h i r d s  o f  t h e i r  t o t a l  r i s k  e s t i m a t e .  ;

U s e  o f  E - s p e c d  f i l m  a n d  r e c l a n g u l a r  c o l l i m a t i o n  w i l l  J 
s u b s t a n t i a l l y  r e d u c e  t h e  t o t a l  r i s k .  V e l d e r s  e t  a l . 10, 
U n d e r h i l l  e t  a l . 16 a n d  G i b b s  e t  a l . , z  c o m p a r e d  t h e  r i s k  : 
f r o m  r o u n d  w i t h  r e c t a n g u l a r  c o l l i m a t i o n .  T h e  a v e r a g e  .

r i s k  is  r e d u c e d  b y  a  f a c t o r  o f  2 . 8  u s i n g  r e c t a n g u l a r  
c o l l i m a t i o n .  S i n c e  E - s p e c d  f i l m  Is  a b o u t  t w i c e  a s  f a s t  a s  
D - s p e e d  f i l m ,  t h e  r i s k  o f  d e n t a l  r a d i o g r a p h y  d e c l i n e s  
a p p r o x i m a t e l y  f i v e - f o l d  b y  u s i n g  r e c t a n g u l a r  c o l l i m a ­
t i o n  w i t h  E - s p e e d  f i l m .  T h e  s t u d i e s  o f  V e l d e r s  e t  a l .  
f o u n d  t h a t  t h e  r i s k  i s  i n c r e a s e d  a t  5 0 k V p  b u t  t h e y  a n d  

' G i b b s  e t  a l . lz  f o u n d  t h a t  t h e  r i s k  i s  l a r g e l y  I n s e n s i t i v e  t o  

v a r i a t i o n  i n  k V p  i n  t h e  r a n g e  6 5 - 9 0 .
• I t  i s  p o s s i b l e  t o  e s t i m a t e  t h e  w o r l d w l d c n s k  o f  f a t a l  

c a n c e r s  f r o m  d e n t a l  r a d i o g r a p h y .  T h e  U n i t e d  N a t i o n s  
r e p o r t s  t h a t  t h e r e  w e r e  3 4 0  m i l l i o n  d e n t a l  r a d i o g r a p h i c  
p r o c e d u r e s  p e r f o r m e d  i n  1 9 8 0  a n d  t h a t  t h e r e  w a s  a n  
a v e r a g e  o f  f o u r  f i l m s  p e r  p r o c e d u r e  (*  s e e  p .  2 7 4 ) .  
G i v e n  a  r i s k  e s t i m a t e  o f  2 . 5  f a t a l i t i e s  p e r  m i l l i o n  F M S  
w e  m a y  p r o j e c t  t h a t  t h e  r i s k  o f  o n e  r a d i o g r a p h i c  
p r o c e d u r e  ( f o u r  f i l m s )  i s  a b o u t  0 . 5  f a t a l i t i e s  p e r  m i l l i o n  
p r o c e d u r e s .  A c c o r d i n g l y ,  t h e  w o r l d w i d e  a n n u a ]  f a t a l i t y  
r a t e  m a y  b e  a b o u t  1 7 0  c a s e s .  T h i s  e s t i m a t e  d e c l i n e s  t o  
3 4  c a s e s  b y  u n i v e r s a l  a d o p t i o n  o f  E - s p e e d  f i l m  a n d  

v r e c t a n g u l a r  c o l l i m a t i o n .
P u b l i s h e d  d o s i m e t r y  f o r  p a n o r a m i c  r a d i o g r a p h y  

a l l o w s  r i s k  e s t i m a t i o n  f r o m  t h i s  s o u r c e  o f  e x p o s u r e .  
T a b l e  V I I  c o m p u t e s  t h e  r i s k  o f  f a t a l  m a l i g n a n c i e s  p e r  
m i l l i o n  i n d i v i d u a l s  e x p o s e d  f o r  a  p a n o r a m i c  r a d i o g r a p h  
u s i n g  i a r e - e a r t h  i n t e n s i f y i n g  S c r e e n s .  A s  i n  T a b l e  V I ,  
t h e  c o m p u t a t i o n  i s  b a s e d  o n  o r i g i n a l  d o s i m e t r y  a n d  t h e  
c u r r e n t  I C R P  r i s k  e s t i m a t e s .  O r i g i n a l  d o s i m e t r y  d a t a  
m e a s u r e d  w i t h  c a l c i u m  t u n g s t a t e  s c r e e n s  w a s  h a l v e d  t o  
t a k e  i n t o  a c c o u n t  t h e  d o s e  r e d u c t i o n .  I n  t h i s  c a s e ,  
l e u k a e m i a  ( b o n e  m a r r o w )  a n d  t h y r o i d  c a n c e r  c o n s t i ­
t u t e  t h e  g r e a t e s t  r i s k ,  w h i l e  b o n e  s u r f a c e  c a n c e r s  a r e  
a l s o  i m p o r t a n t .  I t  i s  n o t e w o r t h y  t h a t  p a n o r a m i c  r a d i o ­
g r a p h y  c a r r i e s  a b o u t  o n e - t e n t h  t h e  r i s k  o f  a  F M S .

E f f e c t i v e  d o s e

T h e  I C R P  r e c o m m e n d s  u s e  o f  t h e  c o n c e p t  o f  r a d i a t i o n  
d e t r i m e n t  i n  r a d i a t i o n  p r o t e c t i o n .  T h i s  i s  t h e  t o t a l  h a r m  
t h a t  w o u l d  e v e n t u a l l y  b e  e x p e r i e n c e d  b y  a n  e x p o s e d  

g r o u p  a n d  i t s  d e s c e n d e n t s  o s  a  r e s u l t  o f  r a d i a t i o n  
e x p o s u r e .  I t  i s  a p p r o p r i a t e  t o  e s t i m a t e  d e t r i m e n t  o n l y

Table VJI R isk  of fatal cancers per million panoramic examinations’  !

R t fz r x n c t j a n d  type o f  examination

G o n a d s
Bone marrow
Colon
Lung
Stomach
B la d d e r
Breast
U verOesophagus
Thyroid
SkinBone SurfaceRemainder
Sum

2 1
P a n o r a l

2 1
O P S '

2 1
Oralix

1 9 » 
9

16
Panoura

16
. Panoral

16
Oralix

16
P a n tilp re

16
O P S

I S '
9

1 S T
I A v a

_ _ - _
0 .0 5 0 .0 7 . 0.06 0.13 0.07 ’  0 .04 0.07 0 .05 0 .0 8 . 0 .0 3 — 0 .0 5

0.01 0 .0 2 0.01 0.04 — , — — __ — 0 .0 4 0 .0 ]
— — — — — 1 — — . — — —
— — — — — _ __ — — . ---- _
— v— — 0.01 — I __. —. — — o .o t ---- —
— — — -— — 1 __ _ — —
0 .0 5 0.07 0.06 — _ j T • _ _. 0 .0 2
0 .0 3 0 .1 0 0.05 0.03 0.05 ‘ 0 .03 0.04 0 .03 0 .0 1 0 .0 4 0 .2 4 0 .0 6— 0 .0 1 0.01 — — • —. , f _ _ o .o t _ _
0 .0 2 0 .04 0,03 0.03 0 0 3 0 .02 0.03 0 .0 J  . 0 ,0 4 0.01* — 0 .03
0 .0 4 O .t I 0,07 0.01 o .o t 0.0J o .o t 0.01 0 . 0 1 0 .0 2 0.06 0 .0 3
0 .2 2 0.41 0.29 0.25 0.16 0.09 0.15 0.12 0 . t 7 0 .1 4 0 .3 0 0.21

•LMpj tvt.t.nh  ln(cmih(n{ urccm.
Oritlpil dttM di.ldtd bj 1 lo t .i -rr l 1ton c.tfiw* <vnirti(« fntciulf)(nf icttriu to r,r,-«irV> ictcera. 
Orttfopinfomognph, model OPS. 

jTyj* omixctntd,
OoM lo feooo ivtht, ouwnttd lo fc« * 64 t'i«I tl.il ol Vom

— . < 0 ,0 0 3 . * •
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T W c  V III  T issu e  w e ig h tin g  f a d c r s '1

Ttssut o r  or to n T lsillt w e/j/t/ fu cto r, w r

O o n a d s 0 .2 0
B o n e  m o rro w  (r.-d ) 0 .12  •
C o lo n 0 .12
S to m ac h 0 .12
L u n g 0 .12
B la d d e r 0.05
B re a s t 0 .05
L iv e r w 0.05
O e so p h a g u s 0.05
T h y ro id
S k in

* 0.05
0.01

B o n e  su rface 0.01
R e m a in d e r 0 .05“

Tubla IX  Effective dose, E . tor a fult-mouth ciamlnaltort (/iSv)* 

R eferenceJ

• frO T  table J . ICRP rc b tlc irc n  60,1990*. 4
*7he vifuo b*ve b«a dc*tb}<4 froxd • refcrcKt population of «qoaf nvrotrtn rf 
tcxcs afxt I vWc r»rc« 1a *&• dclftlftlon of effective dotc they •pfly to *-o*Ven. to
!b« »hol« population. to chher S«*.
'Fbf pvrpoui ofcolrtj îlcn. th« ntrrulrttkf H composed of tSc fono»l"{ >cWilJcm«l tinuc* 
and orpnjj adrenJi. b*«tn. upper Nfje Intestine. mall Intestine,kidney*rouble. prncitri. 
•pUin, 1*77*1/1 *nd otcrvf. T>x Gil Includes OfJOM which sf* likely to be selectivity 
frrsdittcd. Seme Of*«ni In the lift art known to be arccptibU to cancel Induction. If other 
tiuuei and o'|«m subsequently become Identified w haWf»t I flfnlHonl rnk of Induced 
Cir\ctr they will then be Indadcd e>iher vilh t specific o< In thia additional bit 
coraUtdrinf the remainder. Ttx latter may aUo Include other riitvcs or orprw xkeiitelt 
frradivted*
'to those tiCTptional a  so to * *1 nyjf one of the rcmiindet tfc-vaf or orjanj rrctim
«n equivalent dote »fl trrnt of the Mffof doe In any of the 12 orjun* for which a wcijMln j  
factor It specified, a we^htlnj factor ctQXM ihouV* be applied to that ti»iut «  Aryan and « 
t'af&htiay fector of Q.Q13 to |fc« averse Gene in the rest of the remainfler at defined abo*e.

w h e n  t h e  e x p o s u r e s  a r e  s m a l l  a n d  s t o c h a s t i c  e f f e c t s  a r e  
b e i n g  c o n s i d e r e d .  D e t r i m e n t  i n c l u d e s  n o t  o n l y  t h e  
p r o b a b i l i t y  o f  f a t a l  c a n c e r  b u t  a l s o  t h e  w e i g h t e d  p r o b ­
a b i l i t y  o f  n o n - f a t a l  c a n c e r ,  t h e  w e i g h t e d  p r o b a b i l i t y  o f  
s e v e r e  h e r e d i t a r y  e f f e c t s ,  a n d  t h e  r e l a t i v e  l e n g t h  o f  l i f e  
l o s t .  T o  e s t i m a t e  d e t r i m e n t ,  f i r s t  d e t e r m f n e  t h e  e q u i v a ­
l e n t  d o s e  t o  r a d i o s e n s i t i v e  o r g a n s .  T h e  e q u i v a l e n t  d o s e ,  
H r  i s  t h e  s u m  o f  t h e  p r o d u c t s  o f  t h e  r a d i a t i o n  w e i g h t i n g  
f a c t o r ,  w R , a n d  a b s o r b e d  d o s e ,  D T .R  t o  e a c h  e x p o s e d  
t i s s u e  o r  o r g a n .  w R  i s  u n i t y  f o r  a l l  l o w  L E T  r a d i a t i o n s  
i n c l u d i n g  X - r a y s  o f  a l l  e n e r g i e s .  D T R  i s  t h e  a b s o r b e d  
d o s e  a v e r a g e d  o v e r  t h e  t i s s u e  o r  o r g a n  T ,  d u e  t o  r a d i a ­
t i o n  R .  T h e  u n i t  o f  e q u i v a l e n t  d o s e  i s  t h e  S i e v c r t  ( S v ) .  
D e t r i m e n t  i s  m e a s u r e d  b y  t h e  e f f e c t i v e  d o s e ,  E ,  t h e  
s u m  o f  t h e  e q u i v a l e n t  d o s e s ,  H T ,  t o  e a c h  o r g a n  o f  
i n t e r e s t  m u l t i p l i e d  b y  t h e  t i s s u e  w e i g h t i n g  f a c t o r ,  w T . 
T h e  t i s s u e  w e i g h t i n g  f a c t o r s  c o n s i d e r  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  e a c h  o r g a n  o r  t i s s u e  i n  t e r m s  o f  t o t a l  
d e t r i m e n t .  T a b l e  V I I I  l i s t s  t h e  t i s s u e  w e i g h t i n g  f a c t o r s  
t h a t  h a v e  b e e n  a d o p t e d  b y  t h e  I C R P  i n  1 9 9 0 .  T h e  e f f e c ­

t i v e  d o s e  c a l c u l a t e d  i n  t h i s  w a y  f o r  a  p a r t i c u l a r  r a d i o -  
g r a p h i c  e x a m i n a t i o n  m a y  b e  e x p e c t e d  t o  r e s u l t  i n  t h e  
s a m e  t o t a l  d e t r i m e n t  a s  t h a t  f r o m  a  u n i f o r m  w h o l e -  
b o d y  e x p o s u r e  o f  t h e  s a m e  a m o u n t .  F o i*  e x a m p l e ,  a  
d o s e  o f  2 0 m S v  l i m i t e d  t o  t h e  t h y r o i d  g l a n d  ( i v T  =  0 .0 5 )  
y i e l d s  a n  e f f e c t i v e  d o s e  o f  1 m S v  a n d  c a n  b e  e x p e c t e d  t o  
p r o v i d e  t h e  s a m e  d e t r i m e n t  a s  a  w h o l c - b o d y  d o s e  o f  
l m S v .

T a b l e  I X  s h o w s  t h e  e f f e c t i v e  d o s e  f r o m  a  F M S  u s in g  
D - s p e c d  f i l m  a n d  r o u n d  c o l l i m a t i o n  u s in g  t h o  s a m e  
d a t a  c o n v e r s i o n s  a s  d e s c r i b e d  a b o v e .  T h e  e f f e c t i v e  d o s e  
t o  t h e  t h y r o i d  i s  a p p r o x i m a t e l y  t h r e e  t i m e s  t h a t  t o  t h e  
b o n e  m a r r o w ,  w h i l e  t h e  r i s k  e x p r e s s e d  a s  f a t a l  c a n c e r s  
I s  a b o u U h e  s a m e .  W h i l e  t h e  c o n t r i b u t i o n  o f  n o n - f a t a l  
c a n c e r s  i s  t w i c e  t h a t  f o r  t h r y o i d  c o m p a r e d  w i t h  b o n e  
m a r r o w ,  t h e  r e l a t i v e  l e n g t h  o f  l i f e  l o s t  f o r  l e u k a e m i a  Is 
t w l c o  t h a t  f o r  t h y r o i d  c a n c e r .  D i o  d i s c r e p a n c y  r e s u l t s  
f r o m  t h e  r o u n d i n g  u s e d  b y  t h e  I C R P  In  a s s i g n i n g  t i s s u e  '

/ 0 ' 12 2 J 18 / ? * I S 1 16* A  Vi

G onads - , - - _ 4 __ — 1
B ono  m arrow 10 25 14 6 30 2* 34 1 /
C olon — — — — ■— — — —
L u n g - 2 1 — 1 I .— — 1
S tom ach
filad d c r
B rc is l — — — 5 5 — — 1
L iver _ __ _ — — — — —
O esophagus _ 8 — — — — — 1
T h y ro id 13 80 5 25 3 138 63 4 /
S k in 1 4 — w 3 .— 1 — 1
B o n e  surfsce 5 21 14 2 " 12 t " 13 to
R em ain d e r • 91 5 1 J 5 J 3 3
S um <14 144 34 44 63 142 113 84

ID-ipced ftp* and round coOinufion.
!Dat« «*gttipRrd by 20 to cquilf one blltwfnj «dlh • full-mOWlh «umlnatWH.
*Da/a multiplied fry 10 10 equate b»t|ndnn with * fuil-mvnith ctnnJnstlott,
(p«u  dl»Wcd by 1.7 to equate exposures of 70% C q x t l  f'lni 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 Vf bon* narrow. 
'MriKodvfeomputarfcaofrcrneindcramcdificarlon of live ICRPmclbodandoicdbctf a* 
ftuWnJtcd. —. <0,7.

w e i g h t i n g  f a c t o r s * . ' B e c a u s e  o f  t h e s e  a p p r o x i m a t i o n s ,  
e m p h a s i s  I s  p l a c e d  o n  t h e  t o t a l  e f f e c t i v e  d o s e .
. A n  a v e r a g e  e f f e c t i v e  d o s e  o f  8 4 / r S v  f o r  a  f u l l - m o u t b  
'e x a m i n a t i o n  u s i n g  D - s p e e d  f i l m  a n d  r o u n d  c o l l i m a t i o n  
; s  l e s s  t h a n  t h a t  p r e v i o u s l y  e s t i m a t e d  b y  m o s t  a u t h o r s  
f o r ;t h e  s a m e  r e a s o n s  d e s c r i b e d  a b o v e  f o r  e s t i m a t i o n  o f  
J th e  p r o b a b i l i t y  o f  f a t a l  c a n c e r s .  G i b b s  e t  al.12 c o m p u t e d  
San e f f e c t i v e  d o s e  o f  a b o u t  4 0 0 / r S v  f o r  a  y o u n g  a d u l t .  
.W a l l  a n d  K e n d a l l 19 r e p o r t e d  1 0 / i S v  p e r  f i l m ,  e q u i v a ­
l e n t  t o  2 0 0 ^ S v  f o r  a  F M S .  S t e n s t r d m  e t  al?3 g i v e  a  
• c o m p a r a b l e  e f f e c t i v e  d o s e  o f  2 3 4 / u S v .  T h e  r e d u c e d  
e s t i m a t e  o f  t h e  e f f e c t i v e  d o s e  I n  t h e  p r e s e n t  r e p o r t  
‘r e s u l t s  l a r g e l y  f r o m  t h e  g r e a t  r e d u c t i o n  i n  t h e  c o n t r i b u ­

t i o n  f r o m  t h e  r e m a i n d e r  o r g a n s .  T h e  f a i r l y  w i d e  
.‘d i s c r e p a n c i e s  in  e f f e c t i v e  d o s e  t o  b o n e  m a r r o w  a n d  
j t h y r o i d  m a y  r e l a t e  i n  p a r t  t o  b e a m  d i a m e t e r .  S t e n s t r O m  
j e t  al?3 u s e d  a  b e a m  d i a m e t e r  o f  5 . 5  c m ,  V e l d e r s  e t  al.
6 . 0  c m 2*, w h i l e  G i b b s  et al. u s e d  7 . 0  c m  . A n t o k u  e t a l .  

• s h o w e d  t h a t  w h e n  t h e  b e a m  d i a m e t e r  i s  i n c r e a s e d  f r o m  
• 6 .5  t o  8 . 0 c m ,  t h e  t h y r o i d  d o s e  i s  i n c r e a s e d  b y  a  f a c t o r  
; o f  f o u r 15. U n d e r h i l l  e t  al?6 e s t i m a t e d  a n  e f f e c t i v e  d o s e  
j p f  5 1 4 / ^ S v  f o r  a  F M S  w i t h  E - s p e e d  f i l m  a n d  r o u n d  
. c o l l i m a t i o n ,  e q u i v a l e n t  t o  a b o u t  1 0 0 0 / x S y  f o r  D -  
i s p c c d  f i l m .  T h i s  e f f e c t i v e  d o s e ,  a s  w i t h  t h a t  c o m -  
,’p u t c d  f r o m  t h e  d a t a  o f  S t e n s t r o m  e t  al. u s i n g  t h e  
. 'c u r r e n t  I C R P  m e t h o d ,  i s  a  s l i g h t  u n d e r e s t i m a t e  a s  i t  
d o e s  n o t  i n c l u d e  s k i n  a n d  t h e  r e m a i n d e r  o r g a n s ,  

i V c l d e r s  e f  al?° e s t i m a t e d  t h e  e f f e c t i v e  d o s e  f o r  o n e  
, b i t e w i n g  a t  7 5 k V p  w i t h  T o u n d  c o l l i m a t i o n  a s  2 . 3 / x S v ,  
; o r 4 4 ^ S v  f o r  a  F M S .  T h e y  m o d i f i e d  t h e  I C R P  m e t h o d  
T o r  d e t e r m i n i n g  t h e  e f f e c t i v e  d o s e  r e s u l t i n g  f r o m  
l e x p o s u r o  t o  a b d o m i n a l  a n d  r e m a i n d e r  o r g a n s  t o  t h e

•The ratio of ihe relative contribution of bona marrow to thyroid In 
term» of total detriment ( ' tee table B-2Q) Is 6.8. virtually Ihe lame it  
tire n lio  of the probability of fatal cancer for theje tissue*. After 

.rounding ta a u le n  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 .

• W  D p n t n m a v i i l o f o r  R ^ r l lm l 1UQ? V n l  71  A n o i n t
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T*at>f« X E ffe c tiv e  dost?, C . for ■ p jn u ra m lc  ex am in a tio n  (f«Sv)*

Re fe rences a n d  type o f  exam ination
* 21 21 21 19’ 16 16 16 I B '  1 6 '

P a n o r a l O P S ' Oralix 5 Panouro! Panoral Oralix P a n elipse O PS f fi A v <ra $ <  *

G o n ad * , 0 .5  ‘ ' « • - ^ — — —
B o n a  m a rro w 1 .2 1.7 1.4 3 .0 \ .6  }' 0 .8 1.7 1.2 1.9 0 .6 — 1.4
C o lo n — — .—. —  • _ - - —« — —

. L u n a 0 .2 0 .2 0 .2 0 .6
1 rrn —  **• 0 .6 0 .2

S to m ac h — — —. • — - - T — — •—• —
B la d d e r — . — — —,  * — L — — — • —
B re a s t — — — 0.3 .---  • — Q.3 — —
L iv e r __ . , —. .— —* — — — —
O e so p h a g u s 0 .9 1.2 1.0 — --- —  • — — —  ■ 0 .3
T h y ro id 2 .2 6 .0 3 .0 1.8 . 3 . i  : 1*7 2.3 2.1 2 J 15.0 3 .8
S k in 0 .2 0 ,4 0 .4 — — __ — 0.3 — 0.1
B o n e  s u rfa c e 0 .5 0 .8 0 .6 1.0 O.fl 1 0 .3 0 .7 0 .6 0 .7 0 .2 *— 0 .6
R e m a in d e r 0 .4 1.1 0 .7 0.1 0 .) 0.1 0.1 0.1 0.1 0 .2 0 .6 0 .3
S u m 5 .5 11.4 7.3 7 .2 5 .3 3 .0 4 .7 3 .9 5 .3 4 .6 15.6 6 .7

*U|I»| larM IIth  Inu.jlfjinx S?*«Pfc >
‘Data dMdtd b / 3 to con.cn hem oW um tunjuiic iMcn.’fytrts Krf cm to iere*<«*tb yanku 
'Onboyartonwcjopb. rnodtl OPS.
‘T,pC unim iticd, • * \

< 0 .0 5 . . ;

e x t e n t  t h a t  i t  d i f f e r s  f r o m  a  s t r i c t  a p p l i c a t i o n  o f  t h e  
I C R P  m e t h o d  b y  7 % * .

T a b l e  X  s h o w s  t h e  e s t i m a t e s  o f  t h e  e f f e c t i v e  d o s e  f o r  
p a n o r a m i c  r a d i o g r a p h y .  T h e  t h y r o i d  e f f e c t i v e  d o s e  i s  
r e l a t i v e l y  h i g h  c o m p a r e d  t o  t h e  b o n e  m a r r o w  d o s e  f o r  
t h e  r e a s o n  d e s c r i b e d  a b o v e .  T h e  e f f e c t i v e  d o s e  e s t i ­
m a t e s  f o r  p a n o r a m i c  r a d i o g r a p h y  i n  t h i s  r e p o r t ,  a n  
a v e r a g e  o f  6 . 7 £ t S v ,  a r e  s m a l l e r  t h a n  m a n y  r e c e n t  
e s t i m a t e s  f o r  t h e  r e a s o n s  i d e n t i f i e d  'a b o v e  f o r  r i s k  
e s t i m a t e s .  A s  w i t h  t h e  r i s k  e s t i m a t e ,  t h e  e f f e c t i v e  d o s e  
o f  p a n o r a m i c  r a d i o g r a p h y  I s  l e s s  t h a n  1 0 %  o f  a  F M S  
m a d e  w i t h  D - s p e e d  f i l m  a n d  r o u n d  c o l l i m a t i o n .

B y  w a y  o f  c o m p a r i s o n ,  t h e  c u r r e n t  B E I R  e s t i m a t e  o f  
t h e  a v e r a g e  e f f e c t i v e  d o s e  f r o m  n a t u r a l  s o u r c e s  ( b a s e d  
o n  f a t a l  c a n c e r s )  i s  3  m S v  p e r  y e a r  ( 3 s e e  p .  1 8 ) .  T o  
i n c l u d e  n o n - f a t a l  c a n c e r  a n d  s e v e r e  h e r e d i t a r y  e f f e c t s  
( t h e  p r o b a b i l i t y  o f  s t o c h a s t i c  e f f e c t s )  m u l t i p l y  t h i s  v a l u e  
b y  1 . 4 5  t o  y i e l d  4 . 4  m S v  ( '  s e e  t a b l e  B - 2 0 ) .  W e  m a y

T a b le  X I E q u iv a le n t  b a c k g r o u n d  e x p o su re  fro m  derrta l rad io g ra p h y

E xa m ina tion F ilm C ollim ation
B a ck gro u n d  
e q u iv a len t*

F u ll m o u th * D R o u n d 1 w eek
E R o u n d 4  days
D R ec ta n g u la r 3 days
E R ec ta n g u la r 1 day

B itcw ings** D R o u n d t day
E R o u n d 17 h
D R e c ta n g u la r 13 h
E R e c ta n g u la r 7 h

P a n o ra m ic * C a lc iu m  lu n g s la te  sc reen s 1 day
R a r e - e a r th  sc ree n s 12 h

*0ucd cn in cnHrrnmcntal effective <foic of 4,4n\3* (ice TI.tk rounded lo |Kc MfMtl %ho'f vnll.*D«f« derived from effecthe denc from T«VI« ?X.'Dili derived from avin(t effcctKe dove from TaHe X.

* T h c  e ffe c tiv e  d o i e  fo r  7 5 k V p ,  ro u n d  co llim a tio n  a t  ca lcu la te d  by
V e ld e rs  er a l . 10 lo r  o n e  b ile w ln g  is 2 .2 2 /rS v , Inc lud ing  a  ic m a ln d c r  
o f  0 .4 6 5 /rS v , W ith  th e  s l r ic t  IC R P  m e th o d  fo r  c o m p u tin g  th a  
r e m a in d e r ,  th e  e f fe c tiv e  d o t e  d r o p t  to  2 .0 6 /tS v . includ ing  a 
re m a in d e r  o f  0 .0 9 /a S v , a  r e d u c t io n  o f  7 .2 ‘/« . ,

t h e n  e s t i m a t e  t h a t  a  F M S  m a d e  w i t h  D - s p e e d  f i l m  a n d  
r o u n d  c o l l i m a t i o n  ( 8 4 / a S v )  i s  e q u i v a l e n t  t o  1 w e e k  o f  
b a c k g r o u n d  e x p o s u r e .  T a b l e  X I  s h o w s  e q u i v a l e n t  

b a c k g r o u n d  t i m e s  f o r  o t h e r  c o m m o n  d e n t a l  e x a m i n a ­
t i o n s .  F o r  i n s t a n c e ,  a  p a n o r a m i c  r a d i o g r a p h  m a d e  w i t h  
r a r e - e a r t h  s c r e e n s  c o r r e s p o n d s  t o  a b o u t  h a l f  a  d a y  o f  
b a c k g r o u n d .  I t  m a y  a l s o  b e  i n s t r u c t i v e  t o  o b s e r v e  t h a t  
t h e  e f f e c t i v e  d o s e  f o r  a  F M S  ( 8 4 p i S v )  i s  w e l l  w i t h i n  t h e  
r a n g e  o f  n a t u r a l  v a r i a t i o n  i n  c o s m i c  a n d  t e r r e s t r i a l  
b a c k g r o u n d  e x p o s u r e  b e t w e e n  d i f f e r e n t  p o p u l a t e d  

g e o g r a p h i c  s i t e s .

Conclusions

T h e  e s t i m a t e s  a b o v e  r e p r e s e n t  e x t r a p o l a t i o n s  t o  t h e  
l o w  d o s e  r a n g e  b e y o n d  t h e  a v a i l a b i l i t y  o f  d a t a .  A s  s u c h ,  
w e  c a n n o t  c o n s i d e r  t h e y  d e m o n s t r a t e d  t h a t  d i a g n o s t i c  
e x p o s u r e s  c a u s e  c a n c e r s  a t  t h e  r a t e  e s t i m a t e d .  N o r ,  o n  
t h e  o t h e r  h a n d ,  i s  t h e r e  r e a s o n  t o  p ' c s u m c  t h a t  d e n t a l  
r a d i o g r a p h y  i s  w i t h o u t  r i s k .  W h i l e  t h e  r i s k  f r o r n  d e n t a l  
r a d i o g r a p h y  i s  c e r t a i n l y  s m a l l  i n  t e r m s  o f  o t h e r  r i s k s  w c  
r e a d i l y  a s s u m e  d u r i n g  o u r  d a i l y  l i v e s  ( e . g . ,  f r o m  
d r i v i n g ,  s m o k i n g  o r  e a t i n g  f a t t y  f o o d s ) ,  t h e r e  i s  n o  b a s i s  
t o  a s s u m e  t h a t  i t  i s  z e r o .  A l t h o u g h  r a d i a t i o n  a p p e a r s  t o  
b e  a  w e a k  c a r c i n o g e n ,  p r u d e n c e  s u g g e s t s  w c  s h o u l d  b e  
c a u t i o u s  b e c a u s e  o f  U \e  l a r g e  n u m b e r s  o f  p e o p l e  

e x p o s e d  t o  d e n t a l  r a d i o g r a p h y .
I t  i s  o u r  r e s p o n s i b i l i t y  t o  a s s u r e  t h a t  o u r  p a t i e n t s  

a v o i d  r e c e i v i n g  e v e n  t h e  s m a l l e s t  u n n e c e s s a r y  d o s e  o f  
r a d i a t i o n .  W h i l e  t h e r e  i s  e v i d e n c e  t h a t  t h e  d e n t a l  
p r o f e s s i o n  h a s  m a d e  c o n s i d e r a b l e  p r o g r e s s  i n  r e d u c i n g  
p a t i e n t  e x p o s u r e  o v e r  t h e  y e a r s  ( F i g u r e  I ) ,  t h e r e  i s  s t i l l  
o p p o r t u n i t y  f o r  i m p r o v e m e n t .  C e r t a i n l y ,  d c n t i s t 3  
s h o u l d  u s e  s e l e c t i o n  c r i t e r i a  f o r  o r d e r i n g  f i l m s .  A s  t h e r e  
i s  n o  c o n s e n s u s  o n  e x a c i l y  w h a t  s u c h  c r i t e r i a  s h o u l d  b e ,  
w e  n e e d  c o n t i n u e d  r e s e a r c h  i n  t h i s  f i e l d .  T h e  u s e  o f  E -  
s p e e d  f i l m  a n d  r e c t a n g u l a r  c o l l i m a t i o n  s h o u j d  b e  
r o u t i n e ,  a s  s h o u l d  t i m c - t c m p e r a t u r e  p r o c e s s i n g  a n d  t h e  
u s e  o f  r a r e - e a r t h  s c r e e n s  f o r  a l l  e x t r a - o r a l  r a d i o g r a p h y .  
W e  s h o u l d  u s e  t h y r o i d  c o l l a r s ,  e s p e c i a l l y  w i t h  c h i l d r e n ,  
a s  t h e y  h a l v e  t h e  t h y r o i d  d o s e 17. A s  L a u r i s t o n  T a y l o r  
h a s  o b s e r v e d :  ‘T o d a y  w c  k n o w  a b o u t  a l l  w c  n e e d  t o
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F ig u r e  1 V a lu e s  f o r  sk io  e x p o s u r e  f o r  a n  in tra -o ra l  ra d io g ra p h  o f  the  
f ir s t m o la r  d e r iv e d  f ro m  r e v ie w  o f  th e  E n g lish -lan g u a g e  li te ra tu re .  
T b e  19 2 0  v a lu e s  a r e  r e c o n s t r u c t io n s .  T h e  h ig h e r  va lue  in  e a c h  p a ir  
re s u lts  f r o m  t h e  u s e  o f  a  9 .2 -c m  b e a m  d ia m e te r  ra th e r  th a n  7 .6  cm . 
T h e  h ig h e r  p a i r  h a s  n o  a d d e d  f i l t r a t io n ,  o f te n  th e  case  in th e se  y ea rs , 
w h i l e t h e  to w e r  p a i r  r e f le c ts  t h e  u s e  o f  1 .0 m m  a d d e d  a lu m in iu m  
f i l t r a t io n .  N o te  g t e a t  r e d u c t io n  o f  s u rfa c e  sk in  ex p o su re  re su ltin g  
p r im a r ily  f ro m  In t r o d u c t io n  o f  f a s te r  f ilm s , Use o f  a d d e d  f il tra tio n , 
a n d  re s t r ic t io n  o f  b e a m  s iz e .  T h e  s o u rc e s  u se d  to  g a th e r  th e s e  d a ta  
p o in ts  a r e  l is te d  in  r e f .  9

k n o w ^  f o r  a d e q u a t e  p r o t e c t i o n  f r o m  i o n i z i n g  
r a d i a t i o n ’1 5 .  " W h i l e  d e n t i s t r y  c a n  r i g h t f u l l y  t a k e  p r i d e  in  
h o w  f a r  w e  h a v e  c o m e ,  a s  a  p r o f e s s i o n  w e  s t i l l  h a v e  
f u r t h e r  o p p o r t u n i t y  t o  i m p l e m e n t  o u r  k n o w l e d g e  o f  
r a d i a t i o n  p r o t e c t i o n .

A cknowledgem ents

B u t t c r w o r t h - H c i n e m a n n  w o u l d  l i k e  t o  t h a n k  
P e r g a m o n  P r e s s  f o r  t h e i r  p e r m i s s i o n  t o  r e p r o d u c e  
m a t e r i a l  f r o m  I C R P  P u b l i c a t i o n  6 0 ' .  W e  w o u l d  a l s o  
l i k e  t o  t h a n k  t h e  N a t i o n a l  A c a d e m y  P r e s s ,  W a s h i n g ­

t o n ,  D C  f o r  p e r m i s s i o n  t o  r e p r o d u c e  m a t e r i a l  f r o m  
B E I R  V 3 .

R e fe r e n c e s

1. 199 0  R e c o m m e n d a t io n s  o f  th e  In te rn a tio n a l C o m m issio n  o n  
R a d io lo g ic a l  P r o t e c t io n ,  I C R P  P u b lic a tio n  60. A n n  IC R P  1990; 
2 ! l  ( 1 - 3 ) .

2 . U n i te d  N a tio n s  S c ie n t i f ic  C o m m lttc o  o n  th o  E ffec ts  o f  A to m ic  
R a d ia t io n .  S o u r c e s , E ffe c t s  a n d  R is k s o f  Io n isin g  R adiation. N ew  
Y o r k :  U n i te d  N a t io n s ,  1988 .

3 . N a t io n a l  R e s e a r c h  C o u n c i l .  H ea lth  E ffec ts o f  E x p o su re lo  L ow  
L e v e ls  o f  I o n i s i n g  R a d ia tio n . B E I R  V. W ash in g to n  D .C . 
N a t io n a l  A c a d e m y  P r e s s ,  1990.

4 . P r c s o n  D ,  P ie r c e ,  D .  T h e  e f fo r t  o f  c h an g es  In d o s im e try  o n

cancer m oilslliy  risk e s tim a te s  In a to m ic  b o m b  surv ivors. R a d ia l 

R es W S :  I Mi 4 1 7 -6 6 .
: 5, National Reiearch Council. The Effects on Populations o f  
j Exposure to Low Ltvtls o f Ionising Radiation 1910. Washington 
; D.C. National Academy Preir, 1980.
* 6 .  U nited N ationi S c ien tific  C o m m itte e  o n  E ffec ts  o f  A to m ic  j't K rdlstJon . Sources a n d  E ffec ts o f  Io n isin g  R adiation: 1 9 7 7  
I R epon to (he G eneral A ss e m b ly  tvlth A n n e x e s . N ew  Y o rk : U n ite d

N ations, (977.
■ 7 . tm em sd o o jl C om m ission  o n  R ad io lo g ica l P ro te c tio n , P u b lic s -  

•| tlon  26, Ann IC R P  1977; I (3 ): O x fo rd :  P c rg im o n  P ress.
I 8 . P ra lo n -M stiln  S , W h ile  S .  D ra in  a n d  sa liv a ry  g ls n d  tu m o rs  

re la ted  to  p rio r d e n ta l r a d io g ra p h y :  Im p lica tions  f o r  c u r r e n t  
prictfce. J  A m  D en i A s s o c  1990; 1 2 0 :1 5 1 - 8 .  

j 9 .  P retto ivM irtln  S , T h o m a s  C C , W h ite  S C , C o h en  D .  P r io r  
exposure to  m edical a n d  d e n ta l  x - r a y j  re la te d  to  tu m o rs  o f  t h e  

| paro tid  g tind . J  H a d jC a n c tr  Inst 1988 ; 80s 9 4 3 -9 .
10 . Y eldem X L , van A k e n  J ,  v a n  d e r  S t e l tP F .  R isk  a sse ssm e n t fro m  
! b itcv ing  rad iog raphy . D en lo m a x lllo fa c  R a d io l 1991; 20r 2 0 9 -1 3 .
)  I .  O take M , Schull VYJ, Y o sh im aru  H .  A  re v ie w  o f  fo rty -five  y e s r s  
, study o f H irosh im a an d  N a g a s a k i a to m ic  b o m b  su rv ivo rs . B ra in  

\  d s ra ig e  am ong th e  p re n a ta lly  e x p o s e d .  J  Radial R a  (Tokyo)
'■ 1991; 3 1 («uppl) 2 4 9 -6 1 .
12. G ibbs SJ, P u jo l A ,  C h e n  T -S , J a m e r  A .  P a tien t r is k  f ro m  
: Intraoral dental ra d io g ra p h y . D en to m a x illo fa c R adio! 1988; 17 :

15-23.
13. G ibbs S J ,  P u jo l A ,  C h e n  T -S . C a r lto n  J C .  D o sm an n  M A ,  

Malcolm A W , Ja m e s  A E .  R a d ia t io n  d o se s  to  sen sitiv e  o rg a n s
: from  In tn o ra l d e n ta l ra d io g ra p h y . D en lo m a x lllo fa c R a d io l 1987 ;
|  1 6 :67 -77 .
14. W eissman D . S o b k o * ? k l F . C o m p a rs u 'v e  th c rm o lu m ii s c e n t  

dosim etry o f  In trao ra l p e r ia p ic a l  r a d io g ra p h y . Oral Surg Oral
; M ed Oral Pathol 1970; 2 9 : 3 7 6 -8 6 .
]5 . A ntoku S, H oshi M , R u ss e ll W J , K ih a ra  T ,  S aw ad a  S .T a k e s h i ta  
' K , O u k e  M , Y o sh ln sg a  H , B e a c h  D R . D e n ta l ra d io g ra p h y
• exposure o f th e  H iro s h im a  a n d  N a g a s a k i p o p u la tio n s . Oral Surg 
: Oral Med Oral Pathol 1 9 8 9 ; 6 7 : 3 5 4 -6 0 .
J6. U ndcrU H T E , C h JIv a rq u er I , K fm u ra  K , L a n g lt ls  R P ,  M c D iv td  

Y /D , Preece JW , B a rn w ell O , R ad io b io lo g ic  risk  e s tim a tio n  fro m
• den tal radio logy. P i r t  1, A b s o r b e d  d o se s  to  c ritica l o rg a n s . O r a l 
;" Surg O l d  M ed  O ral P a th o l 1988; 6 6 : 1 1 1 -2 0 .
17. Stcnrtrom  B , H e n r ik io n  C O , H o lm  B , R ic h te r  S .  A b s o r b e d  
J d o tes  from  fnrraoraJ r a d io g ra p h y  w ith  sp ec ia l e m p h a s is  o n
■ collim ator d im en sio n s. S * c d  D m r J  19G6; 1 0 :5 9 - 7 1 .
18. B engsbson G . M ;x il!o -fac ia l a s p e c ts  o f  ra d ia tio n  p ro te c t io n ,  

focused on  re c en t r e s e a rc h  re g a rd in g  c ritic a l o rg an s . D en tom a x il-  
tofae Radial 1 9 18 ; 7 l 5 - 1 4 .

19. W all B F, K en d all G M . C o llec tiv e  d o ses  a n d  risks fro m  d e n ta l  
nd to logy  In G re a t B r ita in .  B r J  R a d io l  1983; 56: 5 11 -6 .

i o ,  G regg E C . R ad ia tio n  risk s  w ith  d ia g n o s t ic  X -rays. R a d io lo g y  
I 1977; 1 2 3 :447 -53 .

i f .  G ibbs S J . P u jo l A ,  M c D a v id  W D , W e la n d e r  U .  T ro r.Je  O .
: Patient risk from  ro ta tio n a l p a n o ra m ic  ra d io g ra p h y . Dentomaxil-
> lofac Radial 1988; 17: 2 5 - 3 2 .

22 . U nderhill T E , C h ilv a rq u e r  1, K im u ra  K , L anglals  R P ,  M cD a v id  
W D . Preoce J W , B a m w c ll G . R a d io b io lo g ic  risk  e s tim a tio n  fro m

: d e n til rad io logy . P a r t  I I .  C a n c e r  In c id en ce  an d  fa ta lity . O ra l
. Surg Oral M ed  O ral P a th o l 1988; 6 6 t 2 6 1 -7 .

23 . S tcntlrdm  D , H e n r ik s o n  C O . K a r is so n  L , S a rb y  B . E ffe c tiv e  
• d o te  equ iva len t fro m  in tr a o r a l  ra d io g ra p h y . Swed Dent J  1987;
: i n  71- 7.

24. Velders X L , van  A k c n  J ,  v an  d e r  S te lt  P F . A b so rb e d  d o s e  to
■ organs in th e  h e a d  a n d  n e ck  fro m  b ltew ln g  ra d io g ra p h y .
; Dentomaxillofac R ad iol 1991; 20t 1 6 1 -3 .

25 . Taylor L 5. S om e n o n -sc le n tlf ic  in f lu e n c e s  o n  ra d ia tio n  p ro le c -  
1 tfort, s tandards a n d  p rac ticed  T h e  S ie v c r t  L e c tu re . H ealth P h y sics

1980; 3>i 85 1 -7 4 .

A d d re tt:  D r S tu a rt C . W h ite ,  U C L A  S ch o o l o f  D e n tis t ry ,
L o t A ngelej, C A  90024-1668 , U S A . E le c tro n ic  M all: 
lA D E S C W @ M V S .O A C .U C L A .E D U .
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Alaska State Legislature

M o iih cr.
Resourivs ('oiumliicc 
Rules Cummillsv 
flomiuiiice on Oiininitices

S ia ie  C a p iiu l  

J u n e a u . A la s k a  9 9 H 0 I -I  IH 2 

( 9 0 7 ) |65-JK7.3 

/•Wav (9 0 7 )  i6 5 -3 9 2 2

J 5 2  k ro n i S i r c c i  

K c ld i ik a n .  A la s k a  99901 

(9 0 7 ) 2 2 5 -K 0 8 S  

/•V/.V- (9 0 7 ) 2 2 5 -0 7 1 J

S e n a t o r  R o b i n  L .  T a y l o r
Senate M a jo rity  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 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 the registration of dental radiological equ ipm ent 
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 m ore 
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.
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B u i l d i n g

3745 Gofat R oad . 
• Fairbanks, Alaska 

99709 
(907) 479-2208

FLOYD K "FRED" BOUSE, DPS 
Family Dentistry

March 5, 1998.

Senator Robin L . Taylor 
S ta te  C a p i to l  -  R o o m  5 1 6  

JU neau , A K

P o s t - I t *  F a x  N o le  7 6 7 1 P* * 8 U *  /

F rom f e i
CoJDepL ' CO.

Phonal Phone it

D e a r  S irs ,

W e  in  th e  d e n ta l p ro fe s s io n  v e r y  m u c h  a p p r e c ia te  y o u r  e f f o r ts  r e g a rd in g

S B 1 6 0 ,

I  p e r s o n a l ly  w ro te  le t te rs  o f  p r o te s t  a b o u t  th is  m a t te r  s e v e ra l y e a r s  a g o  a n d  
aga in - re c e n tly . T h e  le t te r s  w e r e  s e n t to  th e  D e p a r tm e n t  o f  H e a l th  a n d  S o c ia l 
S e rv ic e s  in  J u n e a u .

. T h e  la s t  t im e  m y  o ff ic e  w a s  in sp e c te d  w a s  s e v e n  y e a r s  a g o  o r  s o  -  f e e s  p a id  
t o  th e  D e p a r tm e n t  o f  H e a l th  &  S o c ia l S e rv ic e s  h a v e  in c re a s e d  to  2 5 0 %  o f  o r ig in a l 
fe e s , y e t  h e lp fu l  in s p e c t io n  o f  m y  fa c ility  ha3  b e e n  s p o r a t ic - to - n o n -e x is te n t . O n ly  

a f te r  a  r e c e n t  le t te r  I  w ro te ,  in  w h io h  I  p r o te s te d  a  la c k  o f  s e rv ic e s  ( f r o m  H e a l th  a n d  
S o c ia l  S e rv ic e s  R a d io lo g y  D e p t . )  d id  I  h a v e  m y  ra d io lo g ic a l  e q u ip m e n t e x a m in e d  b y  
a  s ta te  e m p lo y e e . I  p e rso n a lly  d e s ire  a n d  in v ite  in te llig e n t,  h e lp fu l in v o lv e m e n t o f  

th e  a p p r o p r ia te  p a r t ie s  in  t h e  m a in te n a n c e  o f  m y  e q u ip m e n t  in  f i r s t - r a te ,  

s ta te -o f - th e - a r t  c o n d it io n .

T h e  S ta te  o f  A la s k a  h a s  b e e n  w o e fh lly  n e g l ig e n t  in  i ts  d u ty  t o  th e  d e n ta l  
p ro fe s s io n  r e g a rd in g  ra d io lo g ic a l  in sp e c tio n s : n e g l ig e n t  n o t  b e c a u s e  w c  n e e d
in s p e c t io n s ,  b u t  b e c a u s e  w e  w e r e  p ro m ise d  in s p e c t io n s , w e  p a id  f o r  In s p e c tio n s  a n d  
th o n  n e v e r  o r  h a rd ly  e v e r  g e t  w h a t  w e  a r e  p a y in g  fo r .

A  m u c h  m o r e  e f fe c tiv e  a n d  re sp o n s iv e  s o lu t io n  to  th i s  m a t te r  is  a d d re s s e d  b y  
S B  160 . L e t  m e  e n c o u r a g e  y o u  to  p ro o e e d  a n d  p re v a il  in  th is  m a tte r .

T h a n k  y o u  f o r  ta k in g  t im e  to  r e a d  my. n o te .

Y o u rs  in  se rv ic e ,

Floyd F. Bouse, DDS

We mafo miles of smiles for you.



Num ber o f  fac ilities 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

F e b r u a r y  2 3 ,  1 9 9 8

S e n a t o r  R o b i n  T a y l o r  
S t a t e  C a p i t a l  
J u n e a u ,  AK 998 0 1

D e a r  S e n a t o r  T a y l o r ,

O n c e  a g a i n  I  w a n t  t o  t h a n k  y o u  f o r  a f f o r d i n g  me t h e  
o p p o r t u n i t y  t o  r e s p o n d  t o  t h e  D e p a r t m e n t ' s  c l a i m s  r e g u a r d i n g  

d e n t a l  x - r a y s .

T h i s  t i m e ,  h o w e v e r ,  I  am i n  a g r e e m e n t  w i t h  m o s t  o f  t h e  
i n f o r m a t i o n  t h e y  s e n t  y o u .  T h e  b o d y  o f  s c i e n t i f i c  l i t e r a t u r e  
we h a v e  t o d a y  c o n c e r n i n g  d e n t a l  x - r a y s  s e e m s  t o  a g r e e  t h a t  
t h e r e  c o u l d  b e  a  c a n c e r  r i s k  o n  t h e  o r d e r  o f  o n e  i n  a 
m i l l i o n  a s s o c i a t e d  w i t h  a f u l l  s e r i e s  o f  d e n t a l  x - r a y s  
j u s t  a s  I  r e p o r t e d  t o  y o u  i n  my l a s t  l e t t e r  t o  y o u .  I t  s h o u l d  
be  p o i n t e d  o u t ,  h o w e v e r ,  t h a t  t h e r e  h a s  n e v e r  b e e n  a  c a s e  
o f  c a n c e r  d i a g n o s e d  t h a t  c o u l d  b e  a t t r i b u t e d  t o  d e n t a l  
x - r a y s .  L e t  me e x p l a i n :

B a c k g r o u n d  I n f o r m a t i o n :

C a n c e r  w a s  n o t  r e g a r d e d  a s  a p o p u l a t i o n  r i s k  f r o m  s u b l e t h a l  
r a d i a t i o n  d o s e s  u n t i l  e x c e s s  l e u k e m i a  b e g a n  t o  a p p e a r  i n  
J a p a n e s e  w a r  s u r v i v o r s  i n  t h e  l a t e  1 9 4 0 ' s .  S i n c e  t h e n ,  
e p i d e m i o l o g i c  s t u d i e s  h a v e  s h o w n  e x c e s s  l u n g  c a n c e r s  i n  
u r a n i u m  m i n e r s .  N u m e r o u s  s t u d i e s  s i n c e  h a v e  s h o w n  i n c r e a s e d  
c a n c e r s  i n  p o p u l a t i o n s  u s i n g  v e r y  h i g h  t h e r a p e u t i c  d o s e s  
o f  r a d i a t i o n  t o  t r e a t  v a r i o u s  a n o m a l i e s  i n  t h e  l a t e  1 9 4 0 ' s  
a n d  1 9 5 0 ' s .  Some o f  t h e s e  t h e r a p e u t i c  m o d a l i t i e s  r e q u i r e d  
t h e  p a t i e n t  t o  e n d u r e  u p  t o  4 0 0  t r e a t m e n t s  w i t h  e x t r e m e l y  
h i g h  d o e s  o f  r a d i a t i o n .

A l l  o f  t h e  s t u d i e s  o f  c a n c e r  r i s k  f r o m  s m a l l  ( d i a g n o s t i c )  
d o s e s  o f  r a d i a t i o n  h a v e  h a d  t o  e x t r a p o l a t e  f r o m  t h e  d a t a  
a c q u i r e d  o n  t h e  h i g h  d o s e  c a s e s  s i n c e  t h e r e  h a s  n e v e r  b e e n  
a n y  s t u d y  w h i c h  c o u l d  s h o w  a l i n k  b e t w e e n  d i a g n o s t i c  
d o s e s  a n d  c a n c e r .  O b v i o u s l y  t h e r e  a r e  m any p r o b l e m s  i n  
t h e  e s t i m a t i o n  o f  c a n c e r  r i s k  f r o m  s m a l l  r a d i a t i o n  d o s e s  
u s i n g  t h e  e x t r a p o l a t i o n  t e c h n i q u e .  C o n s i d e r  f o r  a  m o m e n t ,  
a s t u d y  o f  l i v e r  c i r r h o s i s  o n  S e c o n d  A v e n u e  ( F o u r t h  A v e n u e  
i f  y o u  l i v e  i n  A n c h o r a g e ) .  C a n  we a c c u r a t e l y  e x t r a p o l a t e  
t o  s h o w  t h e  r i s k  o f  l i v e r  c i r r h o s i s  t o  t h e  p e r s o n  who h a s  o n e  
g l a s s  o f  c h a m p a g n e  a y e a r  o n  New Y e a r s  E v e  f o r m  d a t a  s h o w i n g  
t h e  i n c i d e n c e  o f  l i v e r  c i r r h o s i s  i n  a p o p u l a t i o n  t h a t  d r i n k s  
t o  e x c e s s  o n  a  d a i l y  b a s i s ?
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N o o n e  h a s  y e t  p r o v e n  we c a n ,  s o  t o  b e  o n  t h e  s a f e  s i d e  l e t s
a s s u m e  t h e  c a n c e r  r i s k  f r o m  d e n t a l  x - r a y s  t o  b e  o n e  i n  a 
m i l l i o n  e v e n  t h o u g h  we g e t  m o re  r a d i a t i o n  f r o m  t r a v e l i n g  i n  
a n  a i r p l a n e  f o r  6 0 0 0  m i l e s  (J A D A , v o l .  1 0 5 ) .

As I ' v e  m e n t i o n e d  i n  p r e v i o u s  c o r r e s p o n d e n c e ,  t h e  r i s k  o f  
g e t t i n g  c a n c e r  f r o m  d e n t a l  x - r a y s  w o u l d  t h e n  be t h e  sam e a s  
t h e  r i s k  o f  d y i n g  i n  a n  a c c i d e n t  i f  y o u  s p e n t  s i x  m i n u t e s  i n  
a c a n o e  (J A D A ,  v o l ,  1 0 5 ) .  W h a t  d e n t i s t r y  h a s  d o n e  i n  
a c k n o w l e d g i n g  t h i s  p o t e n t i a l  r i s k  i s  t o  p u t  o u t r i g g e r s  o n  t h e  
c a n o e .  T h r o u g h  t h e  v a r i o u s  s a f e t y  m e a s u r e s  ( e g .  c o l l u m n a t i o n ,  
l e a d  a p r o n s ,  h i g h  s p e e d  f i l m ,  f i l t r a t i o n ,  u s e  o f  f i l m  h o l d e r s ,  

e t c . . . )  we h a v e  m i n i m i z e d  t h i s  r i s k .

A s t h e  D e p a r t m e n t ' s  a r t i c l e  s t a t e s ,  " t h e  r i s k  i s  s m a l l  b e c a u s e  
o f  t h e  e f f o r t s  b y  t h e  d e n t a l  c o m m u n i t y ,  m a n u f a c t u r e s ,  a n d  
s t a t e  r a d i a t i o n  c o n t r o l  p r o g r a m s . "

S . B .  1 6 0  w o u l d  n o t  c h a n g e  a n y  o f  t h i s .  W h a t  i t  w o u l d  d o  i s  
c h a n g e  t h e  w a y  t h e  s t a t e  i s  a d m i n i s t e r i n g  i t s  c o n t r o l  p r o g r a m  
i n  t h a t  t h e  B o a r d  o f  D e n t a l  E x a m i n e r s  w o u l d  b e  i n  c h a r g e .  
T h r o u g h  t h i s  c h a n g e  d e n t i s t r y  w o u l d  b e  h e l d  t o  r o u t i n e  a n d  
p r e d i c t a b l e  i n s p e c t i o n s  a n d  c a l i b r a t i o n s, o f  e q u i p m e n t ,  n o t  
j u s t  t h e  h i t  a n d  m i s s  " i n s p e c t i o n s "  a s  t h e y  a r e  d o n e  n o w .
T h i s  w o u l d  t h e n  r e l i e v e  t h e  D e p a r t m e n t  o f  o v e r  50% o f  t h e i r  
c a s e  l o a d  a n d  g i v e  th e m  t h e  o p p o r t u n i t y  t o  c o n c e n t r a t e  t h e i r  
i n s p e c t i o n s  o n  t h e  m o r e  p o t e n t i a l l y  h a z a r d o u s  m a c h i n e s  u s e d  
i n  m e d i c i n e ,  v e t e r i n a r y ,  c h i r o p r a c t i c ,  a n d  i n d u s t r y  w i t h o u t  

a n y  b u d g e t  i n c r e a s e s .

I  h o p e  t h i s  l e t t e r  w i l l  c l a r i f y  n o t  o n l y  t h e  r i s k s ,  b u t  w h a t  
we a r e  d o i n g  t o  l e s s e n  th e m  e v e n  m o r e .  P l e a s e  c o n t a c t  me 
i f  t h e r e  a r e  a n y  f u r t h e r  q u e s t i o n s .  I  am e n c l o s i n g  s e v e r a l  
u p - t o d a t e  a r t i c l e s  f r o m  t h e  c u r r e n t  l i t e r a t u r e  a v a i l a b l e  o n  
d e n t a l  r a d i a t i o n  r i s k s .

S i n c e r e l y ,

e n c l o s u r e / M H / b b
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S e n a t o r  R o b i n  T a y l o r  
P .  O . B o x  1 4 4 1  
W r a n g e l l ,  A l a s k a  9 9 9 2 9

D e a r  S e n a t o r  T a y l o r ,

T h a n k  y o u  f o r  t h e  c o n s i d e r a b l e  a m o u n t  o f  t i m e  y o u  s p e n t  l i s t e n i n g  
t o  o u r  c o n c e r n s  r e g a r d i n g  t h e  s t a t e  -  g o v e r n m e n t  s a n c t i o n e d  
x - r a y  i n s p e c t i o n  b u r e a u c r a c y .

F i r s t  o f  a l l ,  a l l o w  me t o  d e f i n e  t h e  p r o b l e m  a n d  g i v e  a  b r i e f  
h i s t o r y  o f  t h e  p r o g r a m  i n  o u r  s t a t e .

T h e  e n t i r e  m a t t e r  o f  s t a t e  s a n c t i o n e d  r e g i s t r a t i o n  f e e s  f o r  e a c h  
x - r a y  t u b e  i n  d e n t a l  o f f i c e s  r e m a i n s  o f  c o n s i d e r a b l e  i m p o r t a n c e  
t o  m a n y  m e m b e r s  o f  t h e  A l a s k a  D e n t a l  S o c i e t y .  I n  1 9 8 6 ,  t h e  
a u t h o r i t y  t o  c o l l e c t  f e e s  f o r  r e g i s t r a t i o n  a n d  i n s p e c t i o n  o f  
r a d i o l o g i c a l  d e v i c e s  w a s  e s t a b l i s h e d  b y  A l a s k a  S t a t u t e  4 4 . 4 9 . 0 2 2 .  
A n  a c c o m p a n y i n g  s c h e d u l e  w a s  e s t a b l i s h e d  b y  r e g u l a t i o n .  T h e  p e r  
t u b e  r a t e  f o r  d e n t a l  o f f i c e s  w a s  $ 2 0 . 0 0 .  T h e  A l a s k a  D e n t a l  
S o c i e t y  d i d  h a v e  o p p o s i t i o n ,  h o w e v e r ,  i t  w a s  f e l t  t h e  p o s s i b i l i t y  
o f  p r o v i d i n g  a  b e t t e r  s e r v i c e  t o  d e n t a l  p a t i e n t s  w a s  s u f f i c i e n t  
c a u s e  t o  c o o p e r a t e .

I n  1 9 9 3 ,  t h e r e  w a s  a n  i n c r e a s e  i n  r e g i s t r a t i o n  f e e  t o  $ 5 0 . 0 0  p e r  
t u b e .  T h i s  w a s  a  150%  ju m p  a n d  t h e  s o l e  p u r p o s e  o f  t h e  i n c r e a s e  
w a s  t o  c o v e r  i n c r e a s e d  c o s t s  f o r  t h e  r a d i o l o g i c a l  p h y s i c i s t  
t r a v e l i n g  s t a t e  w i d e  t o  i n s p e c t  x - r a y  e q u i p m e n t  i n  v a r i o u s  o f ­
f i c e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  b y  t h i s  t i m e  t h e  p h y s i c i s t  
h a d  l e f t  t h e  s t a t e  a n d  n o  o t h e r  e x p e r t  h a s  b e e n  h i r e d  t o  r e p l a c e  
h i m .  T o d a y  t h e  D i v i s i o n  o f  R a d i o l o g i c a l  H e a l t h  f o r  t h e  D e p a r t ­
m e n t  o f  H e a l t h  a n d  S o c i a l  S e r v i c e s  f o r  t h e  S t a t e  o f  A l a s k a  i s  a n  
" E n v i r o n m e n t a l  S c i e n t i s t "  b y  t r a i n i n g .  A s  a n  a d d i t i o n a l  p o i n t  o f  
i n t e r e s t ,  s h e  w a s  a t  o u r  l a s t  S t a t e  D e n t a l  S o c i e t y  m e e t i n g  i n  
H o m e r  s t a t i n g  h e r  c a s e  f o r  a n o t h e r  l a r g e  f e e  i n c r e a s e .
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I  u n d e r s t a n d  t h a t  s c i e n c e  c a n n o t  b e  s o l e l y  b a s e d  o n  p e r s o n a l  
t e s t i m o n i a l s ,  b u t  p e r m i t  me t o  r e l a t e  o n e  t o  y o u .  M y  w i f e  a n d  
I  a r e  g e n e r a l  d e n t i s t s  o c c u p y i n g  a  s m a l l  b u i l d i n g  i n  F a i r b a n k s .  
B e t w e e n  u s  w e u t i l i z e  f i v e  G e n d e x  G X l O O O ' s ,  f o u r  G e n d e x  G X 7 7 0 ' s  
a n d  t w o  p a n e l i p s e  m a c h i n e s .  T h o s e  1 1  s o u r c e s  a r e  c o s t i n g  o u r  
p a t i e n t s  $ 6 5 0 . 0 0  p e r  y e a r .  A l s o  we h a v o  n o t  h a d  a n y  i n s p e c t i o n s  
f o r  a t  l e a s t  t e n  y e a r s .  M y  q u e s t i o n  t o  y o u  r e m a i n s  -  h o w  e f f e c ­
t i v e  a r e  s t a t e  s a n c t i o n e d  r e g i s t r a t i o n / i n s p e c t i o n  b u r e a u c r a c i e s ?  
A l s o ,  i s  t h e  c o s t / b e n e f i t  r a t i o  t o  t h e  p u b l i c  w o r t h  a l l  t h e  
e x c e s s  b u r e a u c r a c y ?

I n  a  n u t s h e l l ,  d e n t i s t r y ' s  c o n c e r n s  a r e :

1 )  " O n - s i t e "  i n s p e c t i o n s  a r e  t r u l y  u n n e c e s s a r y  b e c a u s e  t h e  
i n c i d e n c e  o f  x - r a y  o v e r e x p o s u r e  h a s  b e e n  s o  i n s i g n i f i c a n t  
a s  t o  b e  n o n - e x i s t e n t .

2 )  T h e  d e n t a l  s o c i e t y  k n o w s  o f  n o  h i s t o r y  o f  d o c u m e n t e d  
o v e r - e x p o s u r e  i n  A l a s k a ' s  d e n t a l  o f f i c e s .

3 )  I n s p e c t i o n s  a n d  a n y  n e e d e d  a d j u s t m e n t s  a r e  r o u t i n e l y  
p e r f o r m e d  b y  t r a i n e d  d e n t a l  s u p p l y  c o m p a n y  t e c h n i c i a n s .

4 )  M a n u f a c t u r e r s  o f  d e n t a l  x - r a y  e q u i p m e n t  m u s t  g o  t h r o u g h  
r i g o r o u s  r e q u i r e m e n t s  b y  t h e  FDA t o  f u l f i l l  5 1 0  K a n d  
I n i t i a l  R e p o r t  g u i d a n c e  d o c u m e n t s  t o  p r o v e  s a f e t y  a n d  
e f f e c t i v e n e s s .  T h e s e  g u i d a n c e  d o c u m e n t s  m a y  b e  a c q u i r e d  
t h r o u g h  t h e  FD A  b y  c a l l i n g  1 - 8 0 0 - 6 3 8 - 2 0 4 1 .  I t  s h o u l d  b e  
n o t e d  t h a t  t h e  d e s i g n  e n g i n e e r s  a t  G e n d e x  a r e  s y m p a t h e t i c  
w i t h  o u r  c a u s e  b u t  w e r e  u n a b l e  t o  f o r m a l l y  h e l p  u s  b e ­
c a u s e  t h e i r  c o r p o r a t e  l a w y e r s  f e a r e d  r e p e r c u s s i o n s  b y  
t h e  v a r i o u s  g o v e r n m e n t  a g e n c i e s .

5 )  T h e  S t a t e  o f  A l a s k a  i s  e x p a n d i n g  a  p o s i t i o n  t h a t  i s  w e l l  
t a k e n  c a r e  o f  t h r o u g h  t h e  p r i v a t e  s e c t o r .  T h i s  i s  n o t  
c o s t  c o n t a i n m e n t  o r  r e s p o n s i b l e  g o v e r n m e n t .



HELMBRECHT DENTAL

Michael J. Helmbrecht, D.D.S. 421 Third Street
Diana M. Helmbrecht, D.D.S, Fairbanks, Alaska 99701

Telephone: (907) 456-1237 
Fax: (907) 452-4778

S ’

A l t h o u g h  o u r  s o c i e t y  n e v e r  d i d  p o l l  o u r  m e m b e r s  d i r e c t l y ,  t h e r e  
w e r e  i n d i v i d u a l  i n c i d e n t s  c i t e d  w h e r e  t h e  i n s p e c t o r ,  w h e n  s h e  d i d  
c o m e , g a v e  l i t t l e  n o t i c e ,  d i s r u p t e d  t h e  p r a c t i c e ,  a n d  i n  g e n e r a l  
s e e m e d  a r r o g a n t  a n d  u n a w a r e  t h a t  h e r  a c t i o n s  w e r e  e m b a r r a s s i n g  
a n d  i n a p p r o p r i a t e .  T h e s e  w e r e  n o t  p o s i t i v e  e x p e r i e n c e s .

A s  y o u  k n o w ,  o u r  e f f o r t s  w e r e  n o t  s u c c e s s f u l .  I n c r e a s e d  r e g i s ­
t r a t i o n  f e e s  a r e  o n c e  a g a i n  o n  t h e  h o r i z o n .

L e t s  w o r k  t o g e t h e r  t o  r i d  o u r s e l v e s  o f  t h i s  u n n e c e s s a r y  a n d  
o b t r u s i v e  b u r e a u c r a c y .

R o b i n ,  p l e a s e  l e t  me k n o w  i f  I  c a n  b e  o f  h e l p  i n  a n y  w a y *  I  h a v e  
s c i e n t i f i c  l i t e r a t u r e  o n  x - r a y  s a f e t y .  A l s o ,  t h e  A l a s k a  D e n t a l  
S o c i e t y  h a s  j u s t  c o m p l e t e d  a  n a t i o n a l  s u r v e y  o f  t h e  S t a t e  D e n t a l  
S o c i e t i e s  t o  a c q u i r e  d a t a  o n  h o w  o t h e r  s t a t e s  a d m i n i s t e r  x - r a y  
i n s p e c t i o n s  i f  t h e y  d o  a t  a l l .  I f  t h e  s u r v e y  r e s u l t s  w o u l d  h e l p  
y o u ,  p l e a s e  l e t  me k n o w .

T h a n k  y o u  f o r  y o u r  t i m e  i n  r e v i e w i n g  t h i s  i m p o r t a n t  m a t t e r .  I f  I  
c a n  b e  o f  a n y  f u r t h e r  a s s i s t a n c e ,  p l e a s e  l e t  me k n o w .

Y o u r s

M i c h a e l  J .  H e l m b r e c h t ,  D . D . S .
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M a r c h  6 ,  1 9 9 7

S e n a t o r  R o b i n  T a y l o r  
S t a t e  C a p i t o l
J u n e a u ,  A l a s k a  9 9 0 0 1 - 1 1 0 2  

D e a r  S e n a t o r  T a y l o r ,
1

1 h a v e  r e c e i v e d  a c o p y  o f  t h e  l e t t e r  s e n t  t o  y o u r  o f f i c e ) b y  D r .  
P e t e r  N a k a m u r a  o f  t h e  D e p a r t m e n t  o f  H e a l t h  a n d  S o c i a l  S e r v i c e s . 
X am c e r t a i n l y  g r a t e f u l  f o r  t h i s  o p p o r t u n i t y  t o  r e p l y .

I  f i r m l y  b e l i e v e  we c a n  m o d e r n i s e  x - r a y  i n s p e c t i o n  t e c h n i q u e s  t o  
r e f l e c t  t h e  c u r r e n t  t e c h n o l o g y  u s e d  i n  x - r a y  e q u i p m e n t  a n d  f i l m  
p r o c e s s i n g  w h i l e  m a i n t a i n i n g  t h e  sam e h i g h  s t a n d a r d s  f o r  p u b l i c  
s a f e t y  t h a t  t h e  d e n t i s t s  i n  t h i s  s t a t e  h a v e  a l w a y s  h a d .  A t  t h e  
sam e t i m e  w e c a n  c u t  t h e  u n n e e d e d  e x p e n s  a a n d  b u r e a u c r a c y  t h a t  
h a s  b e e n  a  b u r r  i n  t h e  s a d d l e  o f  d e n t i s t r y  s i n c e  i n s p e c t i o n s  
b e g u n  i n  1 9 8 8 .

T h e  f o l l o w i n g  t e x t  d i s s e c t s  e a c h  o f  D r .  N a k a m u r a 's  p a r a g r a p h s  t o  
p o i n t  o u t  t h e  a m b i g u i t i e s  i n  h i s  c l a i m s  w h i c h  m ay l e a d  t h e  u n i n ­
f o r m e d  t o  t h e  w r o n g  c o n c l u s i o n .

P a r a g r a p h  # 1

I n  t h e  f i r s t  p a r a g r a p h  o f  D r .  N a k a m u r s ' s  l e t t e r  h e  h a s  m ad e a n  
a t t e m p t  t o  d e m o n s t a t e  t h a t  A l a s k a ' s  x - r a y  i n s p e c t i o n  f e e s  a r e  
c o m m e n s u r a t e  w i t h  o t h e r  s t a t e s  i n  t h e  N o r t h w e s t .  E a c h  o f  t h e s e  
f i g u r e s  h e  s i t e B  i s  e i t h e r  w r o n g  o r  m i s l e a d i n g .
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H ere i s  th e  c o r r e c t  breakdow n:

1) ALASKA:

As we know, th e  f e e  we pay in  A la sk a  i s  $ 5 0 .0 0 /x - ra y  s o u r c e /y e a r .  
To com pare a c c u r a te ly ,  l e t s  s e e  w hat o u r  o f f i c e  w i th  e le v e n  x - r a y  
s o u rc e s  w ould p ay  in. each s t a t e .

C u r r e n t ly  we pay  $550.00 /y e a r  to  A laska

2) WASHINGTON:

D r. Nakamura r e p o r te d  th e  fe e  a c c u r a te ly  f o r  W ashing ton , how ever, 
h e  t o l d  y o u  i t  was an  a n n u a l f e e  when i n  f a c t  i t  ia . a  b i - a n n u a l  
f e e .  T h is  i n  e f f e a t  a u ts  th e  c o s t  i n  h a l f .

C o st f o r  o u r o f f i c e :  $ 2 55 .0 0 /y e a r

3) 0R3G0N:

H ere  D r. Nakamura r e p o r t s  an  8 7 .0 0 /a o n t r o l  p a n e l / tw o  y e a r s  f e e .
/___ Of c o u r s e  th e  lay m an  w o u ld  n o t  d i s t i n g u i s h  b e tw e e n  " c o n t r o l
® p a n e l"  and  “x - r a y  s o u rc e " .  I n  a c t u a l i t y  one a o n t r o l  p a n e l  c an

c o n t r o l  up  to  f o u r  x - r a y  s o u r c e s .  Our o f f i c e  h a s  t h r e e  c o n t r o l
p a n e l s .  Most d e n ta l  o f f i c e s  have one c o n t r o l  p a n e l .

C o st f o r  o u r  o f f i c e :  $ 2 6 1 .0 0 /y e a r

4 )  MONTANA:

D r. Nakam ura r e p o r t s  a $ 1 0 0 / tu b e /y e a r  f e e  f o r  M ontana. W ith  a  
l i t t l e  c h e c k in g , one f in d s  t h a t  Montana h a s  no r o u t in e  in s p e c t io n  
n o r  do th e y  hav e  en  a n n u a l f e e .  They w i l l  i n s p e c t  a  n ew ly  i n ­
s t a l l e d  x - r a y  head  b e fo re  i t  i s  p u t  i n  s e r v ic e .  The f e e  f o r  t h i s  
i s  a  o n e -tim e  fe e  o f  $100 .00 .

C o s t f o r  o u r  o f f i c e :  $ 0 0 0 .0 0 /^ ^

H
I ' d  l i k e  to  know w here D r. Nakamura i s  g e t t i n g  h i s  d a ta .

(**
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P a ra g ra p h  #2

T h ia  p a ra g ra p h  from  D r. N akam ura 's l e t t e r  b a s i c a l l y  d e a l s  w i th  
tw o d i f f e r e n t  t o p i c s .  The f i r s t  i s  Ms. C o le m a n 's  e d u a a t i o n a l  
q u a l i f i c a t i o n s .  D r. Nakamura s t a t e s  t h a t  Ms. Coleman ex ceed s th e  
q u a l i f i c a t i o n s  n e c e s s a r y  f o r  h e r  j o b /  b u t  h e  f a l l s  s h o r t  o f  
g i v in g  u s  h e r  q u a l i f i c a t i o n s .  R e c ru itm e n t B u l l e t i n  #122- 94 f o r  
th e  S ta te  o f  A lask a  l i s t s  minimum e d u c a t io n a l  q u a l i f i c a t i o n s  f o r  
a  R a d io lo g ic a l  H e a l th  S p e c i a l i s t  a p :  B a c h e lo r 's  d e g re e  o r  th e
e q u iv a le n t  i n  r a d io lo g ic a l  h e a l th ,  h e a l th  p h y s io s ,  p h y s io s ,  chem­
i s t r y ,  e n v iro n m e n ta l  s c i e n c e ,  o r  c l o s e l y  r e l a t e d  f i e l d , .  The 
s t a t e  w ould  n o t  p ro v id e  u s  w ith  Ms. C o lem an 's  c u r r ic u lu m  v i t a e ,  
bu t. we a re  r e a s o n a b ly  s u re  she  h o ld s  a  d e g re e  i n  " e n v iro n m e n ta l  
s c i e n c e " .  I n  c h e c k in g  w ith  s e v e r a l  u n i v e r s i t i e s ,  we fo u n d  t h a t  
t h i s  i s  a  l i b e r a l  a r t s  d e g re e  w i t h  a  a u r r i e u lu m  e m p h a s is  i n  
h u m a n i t ie s .  Xt s h o u ld  be  n o te d  t h a t  Ms. C o lem an 's  p r e d e c e s s o r ,  
Syd H ydersdorph , i s  a  r a d io lo g ic a l  p h y s i c i s t .  Xt c e r t a i n l y  w ould  
be  p r e f e r a b l e  to  have  an in s p e a to r  who h a s  a  th o ro u g h  s c i e n t i f i c  
back g ro u n d  i n  r a d io lo g y , n o t  one who h a s  been  e d u c a te d  i n  r a v a g e s  
o f  p o l l u t i o n  and mans d e s e c ra t io n  o f  th e  e a r th *  I t s  k in d  o f  l i k e  
h a v in g  t h e  XRS p r e p a r e  y o u r  t a x e s  i n  t h a t  i n t e r p r e t a t i o n  o f  
r e g u l a t i o n s  becom es a p o in t  o f  c o n te n t io n .  P e rh a p s  i t  w o u ld  b e  
a d v is a b le  to  make some changes i n  th e  minimum q u a l i f i c a t i o n s  f o r  
t h e  p o s i t i o n  o f  R a d io l o g i c a l  H e a l th  S p e c i a l i s t  i f  we a r e  t o  
m a in ta in  s ta te - s p o n s o re d  x - r a y  in s p e c t io n s .

The second  to p ic  i n  p a ra g ra p h  #2 d e a ls  w i th  Ms. C o lem an 's .p re s e n ­
t a t i o n  to  th e  A la sk a  D e n ta l S o c ie ty  m e e tin g  i n  A ugust ( s e e  e n ­
c l o s e d  m in u te s )  . A lth o u g h  sh e  d i d  n o t  d i r e c t l y  s p e a k  o f  a n  
im m inen t f e e  i n c r e a s e ,  th e  m in u te s  r e f l e c t  th e  c u r r e n t  p la n n e d  
e x p a n s io n  o f  h e r  o f f i a e  to  in c lu d e  a  f u l l - t i m e  in s p e c to r  f o r  th e  
A n c h o rag e  a r e a .  A ls o , Ms. Colem an r e p o r t e d  t h a t  t h e r e  h a s n ' t  
b e e n  a  c o n s i s t e n t  p a t t e r n  o f  i n s p e c t io n  f o r  th e  l a s t  s i x  y e a r s  
s in c e  D r. H y d e rsd o rp h  l e f t .  N a tu r a l ly  th e  q u e s t io n  becom es how 
do es sh e  p la n  on m ee tin g  h e r  o b je c t iv e s  w ith o u t a d d i t i o n a l  fu n d ­
in g .  The c u r r e n t  f e e s  p ro v id e  h e r  o f f i c e  w ith  $72,000 -  $7^ ,000  
p e r  y e a r  and t h i a  su p p o r ts  Ms. Coleman., a  second  in s p e c to r ,  an d  a  
c l e r k .  I n s t e a d  o f  h e lp in g  b u i l d  a n o th e r  b u r e a u c r a t i c  d y n a s ty  
w i th  t h e i r  d e n ta l  f e e s ,  I  th in k  th e  c i t i z e n s  o f  A la sk a  d e s e fv e  a  
s a f e r  more p r e d i c t a b l e  end e f f i c i e n t  means o f  x - r a y  in s p e c t io n .

i

I
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P a ra g ra p h  #3

The t h i r d  p a ra g ra p h  i n  D r. N akam ura's l e t t e r  d e a l s  w ith  an  x - r a y  
i n s p e a t i o n  o f  o u r  ^ I f i c e  i n  1 9 9 3 . I  m i s t a k e n l y  r e p o r t e d  no 
in s p e c t io n  f o r  a t  l e a s t  te n  y e a r s  i n  an e a r l i e r  l e t t e r .  I n  f a c t  
a n  i n s p e c t o r  v i s i t e d  w h i le  we w ere  a t  a  c o n t in u in g  e d u c a t io n  
c o u r s e  i n  A ugust o f  1993 . Our b io m e d ic a l eq u ip m en t t e c h n ic i a n ,  
Dan A nderson , h a n d le d  th e  " item s o f  no n -co m p lian ce"  au s t a t e d  i n  
th e  Septem ber 10, 1993 r e p o r t .  S in ce  Mr. A nderson  c o u ld n 't  f in d  
an y  " u n a t ta c h e d  c h o rd s "  o r  " d r i f t i n g  tu b e  h e a d s"  a s  th e  r e p o r t  
i n d i c a t e d ,  h e  re s p o n d e d  t h a t  no  c o r r e c t i v e  m e a su re s  c o u ld  b e  
ta k e n .  The m a t te r  was n e v e r  b ro u g h t to  my a t t e n t i o n  and th u s  th e  
i n a c c u r a t e  r e p o r t  i n  my f i r s t  l e t t e r  f o r  w h ich  I  a p o lo g iz e .  I t  
s h o u l d  b e  n o t e d  t h a t  t h e  i n s p e c t i o n  d e s c r i b e d  a b o v e  c o s t  my 
p a t ie n tB  $2750.00 i f  we assume one in s p e a t io n  e v e ry  f iv e  y e a r s .

P a ra g ra p h  #4

T h is  p a ra g ra p h  i s  m is le a d in g  because  i t  d o e s n 't  a d e q u a te ly  d e f in e  
th e  te rm  " o v e r expo su re "  . X -ray  dose e q u iv a le n ts  a r e  m easu red  in  
re m s . C u r r e n t ly  th e  f e d e r a l  governm ent s ta n d a r d s  a l lo w  f o r  an  
i n d i v i d u a l  to  r e c e iv e  5 rem s p e r  y e a r  w i th  no  h a rm fu l e f f e c t s .  
M ost " o v e re x p o su re s "  a r e  m easu red  i n  mrem ( m il l i r e m s )  . I f  one 
m i l l i r e m  i s  u se d  to  expose  a  f i lm  more th a n  i s  n e c e s s a r y ,  hen  an  
" o v e re x p o s u re "  h a s  o c c u r r e d .  However, i t  w ould  ta k e  m ore th a n  
5000 o f  t h e s e  m i l l i r e m a  j u s t  t o  r e c e i v e  t h e  d o s e  e q u i v a l e n t  
a l lo w e d  b y  t h e  f e d e r a l  g o v e rn m e n t. So we a r e  t a l k i n g  a b o u t  
e x tr e m e ly  s m a ll  am ounts o f  r a d i a t i o n  h e re*  Xn f a c t ,  t h e  am ount 
o f  x - r a d i a t i o n  a  p a t i e n t  r e c e iv e s  f o r  a  f u l l  mouth, s e r i e s  o f  x -  
r a y s  (20 f i lm s )  h a s  b e e n  com pared to  th e  am ount o f  x - r a d i a t i o n  
r e c e i v e d  b y  s t a n d i n g  o u t s i d e  on a  su n n y  d a y  w i t h  o n e s  s h i r t  
rem oved . A c co rd in g  to  th e  h ead  d e s ig n  e n g in e e r  a t  Gendex ( th e  
l e a d in g  m an u fa c tu re  o f  d e n ta l  x - r a y  equipm ent) th e  ty p e s  o f  x - r a y  
s o u rc e s  u se d  i n  d e n ta l  o f f i c e s  a re  in c a p a b le  o f  e m i t t in g  h a rm fu l 
d o s e s  o f  r a d i a t i o n .  T h is  i s  a l s o  a c c o rd in g  to  th e  s t r i c t  p e r ­
fo rm ance s ta n d a rd s  s e t  b y  th e  FDA.
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A lso  i n  t h i s  p a r a g r a p h  D r . Nakam ura lum ped d e n t a l  x - r a y s  w i th  
m e d ic a l x - r a y s .  The g ra p h  he p ro v id e d  sp e ak s  o n ly  to  m e d ic a l x - 
r a y s .  T t sh o u ld  be  n o te d  t h a t  x - r a y  dosage f o r  d ia g n o s is  i s  t in y  
com pared  to  t h a t  u s e d  f o r  t h e r a p e u t i c s  (eg : t r e a t i n g  le u k e m ia ) . 
I n  d e n t i s t r y ,  we o n ly  u s e  x - r a y s  f o r  d i a g n o s i s  ( v e r y  s m a l l  
d o s e s ) .

D r. Nakamura goes on to  s t a t e  t h a t  th e  o v e r e x p o su re  p o t e n t i a l  i n  
A la sk a  i s  "ex trem e"  s in c e  we l a c k  r e g u l a t i o n  r e q u i r i n g  d e n t i s t s  
t o  p o s t  p r o p e r  x - r a y  te c h n iq u e  g u id e l in e s  i n  o u r  o f f i c e s .  The 
S t a t e  o£ A lask a  a l r e a d y  t e s t s  each  d e n t i s t  on t h e i r  know ledge and  
s k i l l  i n  d e n t i s t r y  when we ta k e  th e  S t a t e  D e n ta l  B oard  E xam ina­
t i o n .  S in c e  eaah  p a r t i c i p a t i n g  d e n t i s t  i n  t h i s  s t a t e  hav e  p a s s e d  
th e  exam , th e r e  s h o u ld  b e  no n e e d  to  d u p l i c a t e  th e  f u n c t io n  o f  
th e  exam w ith  f u r t h e r  r e g u la t io n s  and in s p e c t io n s .  P ro p e r  t e c h ­
n iq u e  i n  ta k in g  x - r a y s  i s  th e  o n ly  way to  g e t  a  good r e s u l t  so  I t  
i s  i n  o u r  b e s t  i n t e r e s t  a s  w e l l  a s  th e  p a t i e n t s  to  fo l lo w  p ro p e r  
p ro c e d u re . To d a te ,  n o t  one in s ta n c e  o f  any a d v e rs e  r e a a t i o n  t o  
d e n ta l  x - r a y s  has b een  r e p o r te d  i n  th o  s t a t e  o f  A la sk a  b e fo r e  o r  
a f t e r  x - r a y  in s p e c t io n  was began i n  1986. I n  f a c t  i f  t h e r e  was a  
r i s k  i t  w ou ld  b e  to  th e  d e n ta l  o f f i c e  p e r s o n n e l  who a r e  a ro u n d  
d e n t a l  x - r a y s  e v e ry d a y . The N a t io n a l  C o u n c il on R a d ia t io n  P ro ­
t e c t i o n  an d  M easurem ents (NSRP) c u r r e n t l y  recom m ends a  maximum 
p e r m i s s ib l e  dose  e q u iv a le n t  from  o c c u p a t io n a l  s o u r c e s  o f  5 ram  
p e r  y e a r  a s  d e s c r ib e d  e a r l i e r .  When 231 d e n ta l  p e r s o n n e l  i n  72 
p r i v a t e  o f f i c e s  w ere s tu d ie d ,  a  mean one m onth ex p o su re  o f  .Olrerm 
(ra n g e  o f  .005 to  .06  rem) was r e p o r te d  i n  th e  s tu d y . T h is  means 
i t  w o u ld  t a k e  a p p r o x im a te ly  10 0 to  5000 m o n th s  t o  e x c e e d  th e  
c u r r e n t  a n n u a l 12 m onth f e d e r a l  s ta n d a rd  o f  5 rem s i f  you  w orked 
i n  a  d e n ta l  o f f i c e .  I t  sh o u ld  be  n o te d  t h a t  t h i s  s tu d y  was done 
b e f o r e  A la s k a  e v en  h a d  a  d e n t a l  i n s p e c t i o n  p ro g ra m . I  r e m a in  
c u r io u s  aB to  th e  p rob lem  t h a t  th e  b u re a u a ra c y  was t r y in g  to  f i x .
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C le a r ly  t h e r e  i s  am ple e v id e n c e  o f  a d v e rse  e f f e c t s  o f  r a d i a t i o n  
in  s u f f i c i e n t  d o s e s .  T here  i s  a t  p r e s e n t  no p r o o f  o f  su c h  e f ­
f e c t s  from  d o se s  em ployed i n  d e n ta l  p r a c t i c e .  M ost e x p e r t s  now 
a g re e  t h a t  t h e r e  may b e  a  s m a ll /  d i f f i c u l t  to  q u a n t i f y  r i s k  o f  
c a n c e r  o r  g e n e t ic  m u ta tio n  from  d ia g n o s t ic  ex p o su re  d u r in g  w ork. 
P rudence  d i c t a t e s  a c c e p ta n c e  o f  t h i s  p o s i t io n  u n t i l  p r o o f  to  th e  
c o n t r a r y  i s  a v a i l a b l e .  However, th e s e  r isk B  a re  n o t  ‘’ex trem e" a s  
D r. Nakamura s u g g e s ts .  R ecen t a n a ly s i s  su g g e s t t h a t  c a n c e r  r i s k  
to  a  p a t i e n t  from  a  d e n ta l  r a d io g r a p h ic  e x a m in a t io n  i s  on  th e  
o r d e r  o f  one i n  a  m i l l i o n i  th e  g e n e t i a  r i s k  i s  s u b s t a n t i a l l y  
l a s s ,  a b o u t  one i a  a b i l l i o n .  So l e t s  lo o k  a t  o t h e r  t h in g s  
p e o p le  do i n  t h e i r  d a i l y  l i f e  t h a t  have an o rd e r  o f  m ag n itu d e  o f  
r i s k  s i m i l a r  t o  a  s e r i e s  o f d e n ta l  x - r a y s .

P a ra g ra p h  #5

Tahiti B ■ Sltuillon* la  which a pewon h»» o mu in a mil­
lion  r i d  o f dying.*____________________________________
Klik ilhmion G » u n  p ff t l l l l ly

B eing a  m an. »g* 80, for 20 n lim ta c

L I  r in g  In N r v  T o r i  for tw o d iy r  
U v Im j in  Denver fo r tw o nrohUu 
L iv in g  In  a Hot** V u tld lna for (w o m onth* 
D rin k in g  w .tv r  In M lw n lfa r o h e  y iw r 
L iv in g  tm tr  * p o ly v in y l ch lo rid e  p l .n l

f o r l f n y e w  •
R iding In a an ew  for t lx  m inute*
R iding ■ bleycla for lan t n l l n .
RJdlna In a car Tor 3DQ m ile i .
T ravel Ing by  a irp lane fo r  lyrdO mil** 
T raveling  by i b p l t n t  fp r 84)00 m lltc  
W orking In  » coal m ink for tm f h o u r 
W orking  In I  coal m ink for thr*e hou rs  
W orking | n  a typical frrlo ry  fa r ten  day* 
Sm oaJng d g a re tte i, J A

Drinking wine, 500 cc Drinking dial »pji, 33 u n i

C aid lov iK ular
d lw t t t .  cancer 

A ir pollution 
Cosm ic m d lillo a  
N atural radioactivity 
Catdnogans

D c tin o g tm  
A crid  m l 
Accident 
Accident 
A crid  ant 
Cosmic n d lu lo n  
Black lung 
Accident 
A ccident 
C krdfovtecolir

d lseiM . cancer i 
C lnho tle  
O ic ln o g tn t

•D»ll h u m  Pechtn" tad Wllaoirif

H ere D r. Nakamura i s  a g a in  l e s s  H/han a c c u r a te  when h e  d e s c r ib e s  
th e  m a in te n a n c e  c a p a b i l i t i e s  o f  t e c h n ic ia n s  t y p i c a l l y  h i r e d  to  
work on d e n ta l  equ ipm en t. Dan A nderson i s  th e  b io m e d ica l, e q u ip ­
m ent t e c h n i c i a n  I  r e f e r r e d  t o  e a r l i e r .  He ru n e  a  v e r y  s m a l l  
o p e r a t io n  com pared to  m ost b u t  h e  u s e s  a $3000 .00  m e te r  capab lo*  
o f  2% r e s o l u t i o n  on  kV m easu rem en ts  t h a t  he  u s s b  o n  o u r  x - r a y  
e q u ip m e n t. A cco rd in g  to  Dan, h e  d o e s n 't  know o f  a n y  e q u ip m e n t 
te c h n ic ia n  who d o e s n 't  have in s t ru m e n ta t io n  f o r  m ea su rin g  kVP a s  
D r. Nakamura s t a t e s .

r
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A l s o ,  D r .  N akam ura  l e a d s  o n e  t o  b e l i e v e  t h a t  a  d e n t i s t  w o u ld  
i n t e n t i o n a l l y  a l t e r  h i s  x - r a y  e q u ip m e n t t o  p e r f o r m  d i f f e r e n t l y  
t h a t  t h e  s t r i n g e n t  f e d e r a l  r e q u i r e m e n t s  I  e l u d e d  t o  e a r l i e r .  
T h is  s i m p ly  d o e s  n o t  h a p p e n . T h e re  i s  n o t  o n e  c a s e  t o  s u p p o r t  
t h i s  c l a i m .  A d e n t i s t  w o u ld  h a v e  n o  r e a s o n  t o  a l t e r  h i s  x - r a y  
e q u ip m e n t  n o r  w o u ld  m o s t  d e n t i s t s  b e  t e c h n i c a l l y  c a p a b l e  o f  
a l t e r i n g  x - r a y  e q u ip m e n t.

To a d d r e s s  q u a l i t y  a s s u r a n c e  f o r  x - r a y  f i l m  p r o c e s s i n g ,  t h e s e  
d a y s  i t s  a l l  a u to m a t i c  w i t h  e t a t e - o f  t h e  - a r t '  p r o c e s s o r s  t h a t  
m a i n t a i n  p r o p e r  te m p e r a tu re  a n d  r e p l e n i s h  s o l u t i o n s  a u t o m a t i c a l ­
l y .  T h e s e  p r o c e s s o r s  on  o c c a s i o n  r e q u i r e  som e s e r v i c e  i n  w h ic h  
c a s e  d e n t i s t s  t y p i c a l l y  r e l y  on  a  b io m e d ic a l  t e c h n i c i a n  n e v e r  a n  
e n v ir o n m e n ta l  s c i e n t i s t .

P a r a g r a p h  6

The f o l lo w in g  i s  a  d i r e c t  q u o te  fro m  t h e  c o n c lu s io n  o f  D r. N ak a­
m u r a 's  l e t t e r  w h ic h  th e  a u th o r  p r e s e n t s  t o  j u s t i f y  b u r e a u a r a t i c  
f e e s  f o r  x - r a y  i n s p e c t i o n .  H ow ever I  f e e l  t h a t  i t  s u p p o r t s  my 
c a s e  m uch b e t t e r  t h a n  i t  s u p p o r t s  h i s .

" P r e s u m ing  t h a t  one m i l l i o n  x - r a y  p r o c e d u r e s  a r e  p e r fo rm e d  
e a c h  y e a r  i n  A la s k a  a n d  a s  a  r e s u l t  o f  s t a t e  i n s p e c t i o n  
e a c h  e x p o s u re  i s  r e d u c e d  b y  10 m i l l i r e m  ( .0 1  rem ) : t h e n  
1 0 ,0 0 0  rem  a r e  s a v e d  e a c h  y e a r ,  t h e  e q u i v a l e n t  o f  o n e  
t h e o r e t i c a l  l i f e .  The q u e s t io n  becom es how m uch i s  i t  
w o r th  t o  s a v e  a  l i f e ?  F i f t y  d o l l a r s  p e r  t u b e  so o n  
b eco m es a  v e r y  i n s i g n i f i c a n t  i n v e s tm e n t ."

C e r t a i n l y  y o u  c a n  u n d e r s ta n d  d e n t i s t r y ' s  f r u s t r a t i o n  w hen we a r e  
d e a l i n g  w i t h  t h i s  >ype o f  r e a s o n in g .  B a s i c a l l y  w h a t h e  i s  s a y in g  
i s  t h a t  i f  1 0 ,0 0 0  m o sq u ito  b i t e s  c o u ld  k i l l  y o u , a n d  t h e  a v e r a g e  
p e r s o n  r e c e i v e s  s i x  m o s q u i to  b i t e s  o n  a n  a v e r a g e  e v e n i n g  i n  
A l a s k a ,  t h e n  we s h o u l d  h a v e  a  b u r e a u c r a t  f l y  a r o u n d  t h e  s t a t e  
p i c k i n g  o n e  m o s q u ito  o f f  o f  t h e  1 0 ,0 0 0  A la s k a n s  t o  s a v e  o n e

<*-
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" t h e o r e t i c a l  l i f e . "  A lso  th e  f i f t y  d o l l a r  c o s t  h e  r e f e r s  t o  
t r a n s l a t e s  i n t o  $ 2 7 5 0 .0 0  p e r  i n s p e c t i o n  f o r  o u r  o f f i c e ,  o r  
$ 2 ,2 5 0 .0 0  f o r  t h e  d e n ta l  p a t i e n t s  i n  A la sk a  t o  p a y  d u r in g  my 
p r a c t i c i n g  c a r e e r .

CONCLUSIONI

T here  h a s  g o t  to  be  a re a so n a b le  s o lu t io n  to  o u r p rob lem  -  th e r e  
i s .  C u r r e n t  f e d e r a l  g u i d e l i n e s  r e q u i r e  e a c h  x - r a y  m a c h in e  b e  
r e g i s t e r e d  by  t h e  s t a t e  i n  w h ich  i t  i s  u s e d .  I f  y o u  r e c a l l ,  
M ontana h a s  a  one tim e  $100 .00  on B i te  i n s p e c t io n  t o  r e g i s t e r  a  
new ly  i n s t a l l e d  x - r a y  m ach ine . T h is  w ould so lv e  b o th  d e n t i s t r y ' s  
p ro b lem  and  governm ents p rob lem  and ev ery o n e  w ould be  s a t i s f i e d .

I f  t h e  c o n c e p t  o f  p e r i o d i c  i n s p e c t i o n s  i s  to o  d i f f i c u l t  f o r  
governm ent to  g iv e  up , a  b io m e d ica l equ ipm ent t e c h n ic ia n  c o u ld  do 
i t  i n  a  f r a c t i o n  o f  th e  tim e and c o s t  e v e ry  f i v e  y e a r s  j u s t  a s  we 
re d o  o u r  CPR t r a i n i n g  ev e ry  two y e a r s .  The te c h n ic ia n  i s  on  s i t e  
from  tim e  to  tim e  anyway. He c o u ld  j u s t  f i l l  o u t  a  form  an d  m a il  
i t  t o  a  c l e r k .

I f  some f o l k s  i n  governm ent s t i l l  n e e d  "governm ent i n s p e c t io n "  
t h e r e  i s  a  th erm o lh u m in escen t d e v ic e  (TDL) w hich C a l i f o r n ia  m a i ls  
to  i t s  d e n t i s t s  e v e ry  5 y e a r s .  I t  i s  th e n  e x p o sed  and  r e t u r n e d  
to  th e  governm ent agency f o r  in s p e a t io n .

R e s p e c t f u l ly  Y ours,

M ich ae l J .  H e lm brech t, DUS
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R i s k s  F r o m  D e n t a l  R a d i a t i o n  

i n  1 9 9 5

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

h e n  a n  i n d i v i d u a l  I s  

e x p o s e d  t o  i o n i z i n g  r a d i a ­

t i o n  f r o m  a  d e n t a l  X - r a y  

n i l c h l n e ,  t h e  p o s t u l a t e d  

r i s k  f r o m  t h i s  p r o c e d u r e  I s  

t l i f e  i n d u c t i o n  o f  d a m a g e  

t o  e i t h e r  t h e  s o m a t i c  o r  

g e n b t t c  t i s s u e s  o f  t h e  e J k p b s c d  p e r s o n .  

S o u d a t i c  t i s s u e s  I n c l u d e  a l l  t i s s u e s  o f  t h e  

b o d y  e x f c e p t  t h e  S p e r m  a n d  o W m ,  w h i c h  

a r e  g e n e t i c  t i s s u e s  

( p o h s l b l e  f o r  t r i n s -  

A .  - t t i r i g  S p e c i f i c  t r a i t s  

f r o n i  o n e  g e n e r a t i o n  

the n d x t .  t h e

t o s t  r a d i o s e n s i t i v e  

m a t l c  t i s s u e s  e x ­

p o s e d  t o  d c i l t a l  

s o u r c e s  o f  r a d i a t i o n  

4 h d  t i l t  t y p e  o f  t l A r r i -  

a g e  l n d u c f e d ,  A r e :  

b o n e  n i a r i o w  a n d  

l t i u k e m l a ;  t h y r o i d  

g l a n d  a r i d  t h y r o i d  

c d h c e r ;  t h e  l e n S  o f  

t h e  e y e  a h d  c a t a r a c t  

f d f m a t l o n .  A c c o r d ­

i n g  t o  W h i t e ,  s a i l -  

v d r y  g l a n d s ,  e s p e c i a l ­

l y  t h f e  p a r o t i d  g l a n d ,  

a l s o  A r e  b t  U s k  l o t  

t h e  d f e v e l b p h l e n t  oi 
r r t a l l g h a h t  s a l i v a r y  

g l a n d  d i s e a s e . 1*3  I n  a  

r c v t e W  o f  t u i r e n t  m e t h o d s  o f  e s t i m a t i n g  

r i s k ,  W h i t e  f o u n d  t h a t  l o w  d o s e s  o f  r a d i ­

a t i o n ,  i n  t h e  r a n g e  o l  0 . 2  G y  o t  l e s s ,  c a r ­

r y  m o t e  r i s k  o r  c a u s i n g  c a n c e r  t h a n  w a s  

j p r c v l o u s l y  t h o u g h t *

T t t i  a g e n c i e s  m o s t  f r e q u e n t l y  c i t e d

f o r  e s t i m a t i n g  t h e  r i s k s  f r o m  r a d i a t i o n  

a r e  t h e  U n i t e d  N a t i o n s  S c i e n t i f i c  

C o m m i t t e e  o n  t h e  E f f e c t s  o f  A t o m i c  

R a d i a t i o n  ( U N S C E A R  ),* t p e  c o m m i t t e e  

o n  t h e  B i o l o g i c  E f f e c t s  o f  i o n i z i n g  

R a d i a t i o n  ( B E I R )  o f  t h e  U n i t e d  S t a t e s  

N a t i o n a l  R e s e a r c h  C o u n c i l s  a n d  t h e  

I n t e r n a t i o n a l  C o m m l s i o n  o n  

R a d i o l o g i c a l  P r o t e c t i o n  ( I C R P  ).6
W h e n  g e n e t i c  t i s s u e s  a x e  e x p o s e d  t o

r a d i a t i o n ,  t h e r e  i s  a  r i s k  o f  n  t o n g e n l t a l  

o r  h e r i t a b l e  d e f e c t .  T h e  g o r i a d n l  d o s e  

f o l l o w i n g  a  f u l l  m o n t h  s u r v e y  ( F M X )  i s  

l e s s  t h a n  O . O l p S v  I n  a n  a d u l t  f e i n a l e ;  

f o r  m a l e s ,  i t  | j  l O p S v  o r  l e s s . 1 

H i r o s h i m a  s u r v i v o r  d a t a  i n d i c a t e  t h a t

d a m a g e  t o  n e w b o r n s  d i d  n o t  o c c u r  I n  

d o s e s  b e l o w  2 0 0  r n S v .  ->  t h e  g e n e U c  t i s ­

s u e s . 7  W h i t e  c o n c l u d e d  t h a t  t h e  r i s k  o f  

h e r i t a b l e  d e f e c t s  f r o r  .  d e n t a l  r a d i o l o g y  

I s  n e g l i g i b l e . !  I t  I s  t h o u g n t  t h a t  e x p o ­

s u r e  t o  d e n i a l  r a d i a t i o n  o f  t h e  f e t u s  i n  

u t e r o  c o u l d  r e s u l t  i n  m e n t a l  r e t a r d a t i o n  

o f  t h e  n e w b o r n  a t  t h r e s h o l d  d o s e s  o f  

0 . 1 2 - 0 . 2  S v ;  h o w e v e r ,  s i n c e  t h e  u t e r i n e  

d o s e  f r o m  a n  F M X  I s  l e s s  t h a n  O . O l p  

S V ,  t h e  r i s k  o f  

m e n t a l  r e t a r d a t i o n  

f r o m  d e n t a l  r a d i o l ­

o g y  I s  c o n s i d e r e d  

n o n e x i s t e n t . 1

T h e r e f o r e ,  t h e  

r i s k s  f r o m  d e n t a l  

T A d t a t i o n  a r e  e s ­

s e n t i a l l y  t o  t h e  

somatic t i s s u e s ,  

r a t h e r  t h a n  t h e  

genetic t i s s u e s ,  a n d  

t h e  r i s k  m a y  b e  

h i g h e r  t h a n  p r e ­

v i o u s  e s t i m a t e s .  

R i s k s  a r e  d e f i n e d  

d i f f e r e n t l y  d e ­

p e n d i n g  u p o n  

w h e t h e r  t h e  p e r ­

s o n  I S  o c c u p a t i o n ­

a l l y  e x p o s e d ,  a s  

f o r  a  d e n t a l  

h e a l t h c a r e  w o r k e r  

( D H C W ) ,  o r  

w h e t h e r  t h e  e x p o s u r e  r e s u l t s  f r o m  

b e i n g  n  p a t i e n t  B e c a u s e  w e  w i l l  b e  

r e f e r r i n g  t o  q u a n t i t i e s  o f  r a d i a t i o n  I n  

s e v e r a l  d i f f e r e n t  r a d i a t i o n  u n i t s ,  t a b l e  

i  I s  i n c l u d e d  t o  I l l u s t r a t e  t h e  v a tjOVS 
e q u i v a l e n t  d o s e s .
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T ab le  1 . D o s e  C o n v e r s io n  T ab le

( i t i b MHII o r  1 , 0 0 0 t h )  
( 1 0 0  r e m  « 1  S v )
(1  r a d  =  1 r a m )

(p  *  m i c r o n  o r  1 .OOQ.OOOlh) 
( 1 0 0  r a d  =  1 G y )
(1  G y  =« 1 S v )

l e r a d / m r e m r a d / r a m G y / S v m G y p G y

•• • 1 0 .0 0 1 0 . 0 0 0 0 1 0 .0 1 1 0

1 0 0 0 " % : A .  V = Y ‘ 0 .0 1 1 0 1 0 0 0 0

.... 1.PRBW P ..... .  .  m 1 . 1 0 0 0 1 0 0 0 0 0 0

1 0 0 0 .1 0 . 0 0 0 1 1 0 0 0

0 .1 0 . 0 0 0 1 0 . 0 0 0 0 0 1 0 . 0 0 0 1 Y . r f-V'

r

Maximum Permissible Doses
T h e  N a t i o n a l  C o t u n d l  o n  R a d i a t i o n  

P r o t e c t i o n  a n d  M e a s u r e m e n t s  ( N C R P ) B  

a n d  t h e  I n t e r n a t i o h a l  C o m m i s s i o n  o n  

R a d i o l o g i c a l  P r o t e c t i o n  ( I C R P ) 6  h a v e  

d e f i n e d  M P D  a s  t h e  m a x i m u m  p e r m i s ­

s i b l e  d o s e  e q u i v a l e n t  t h a t  a n  o c c u p a ­

t i o n a l l y  e x p o s e d  p e r s o n  o r  p a r t s  t h e r e ­

o f  s h a l l  b e  a l l o w e d  t o  r e c e i v e  i n  a  s t a t ­

e d  p e t l o d  o f  t i m e .  T h e  d e f i n i t i o n  

f e m b o d l e s  t h e  p r i n t t p l e  t h a t  c e l l s  c a n  

r e p a i r  h l d l n t l o n  d a m a g e  a n d  t h a t  d i f ­

f e r e n t  t i s s u e s  h a v e  v a r y i n g  r a d l o s e n s i -  

’ i V l t i c s ,  S t a t e d  m o r e  s i m p l y ;  M P D  i s  t h e  

w t l m U m  d o s e  o f  r a d i a t i o n  s u s t a i n e d  

a  p e r i o d  o f  t i m e  t h a t  a  p e r s o n  t a n  

i i b s b r b  w i t h o u t  a p p r e c i a b l e  I n j u r y ,  t i r e  

M f b s  f o r  b o t h  O c c u p a t i o n a l l y  a n d  

" f t o n - o c c u p a t l o n a l l y  e x p o s e d  p e r s o n s  

e x c l u d e s  r a d i a t i o n  r e c e i v e d  f r o m  e n v l -  

r o n i t l e n t a l / r i A t u x a l  b a c k g r o u n d  s o u r c e s ,  

f o r  V v h l c h  t h f c  a r i n u a l  e f f e c t i v e  d o s e  I s  3  

I n S V ,  a n d  a r t i f i c i a l  r a d i a t i o n  ( s u c h  a s  

i n e d l c a l  a r i d  d e n t a l  e x p o s u r e s ) ,  f o r  

W h i c h  t h e  a n n u a l  e f f e c t i v e  d o s e  I s  0 . 6  

h I S V . *  T h e s e  e x p o s u r e s  a r e  e x c l u d e d  

b e c i U s e  t h e y  c a n h o t  b e  c o n t r o l l e d .

D i f f e r e n t  M P D s  h a v e  b e e n  d e v e l ­

o p e d  f o r  o t f c u p a t l o n a l l y  e x p o s e d  p e r -  

s o n i  t h a n  f b r  p a t i e n t s .  A c c o r d i n g  t o  

t h e  t n d s t  r e c e n t  g u i d e l i n e s  p r o v i d e d  b y  

t h e  N C R P , 9  t h e  m a x i m u m  p e r m i s s i b l e  

e f f e c t i v e  w h b l e  b o d y  d o s e  l o  a n  o c c u ­

p a t i o n a l l y  E x p o s e d  d e n t a l  h e a l t h c a r e  

p r o v i d e r  l s | 5 0  m S V ;  f o r  t h e  g e n e r a l  

p u b l i c ,  I t  i s l l  m S v »  H o w e v e r ,  b e c a u s e  

d i f f e r e n t  t l s s U e s  a n d  o r g a n s  h a v e  v a r y ­

i n g  S e n l l t l v l H e s  t o  t a d l a t l o n ,  t h e  e q u i v ­

a l e n t  d o s e  i l r h l t s  v a r y  a m o n g  t h e s e  t l s -  

l l i c s .  F o r  e x a m p l e ,  t h e  M P D  t o  t h e  l e n s  

bi t h e  e y e  f d r  o c c u p a t i o n a l l y  e x p o s e d  

p t r s o n i  i s  1 5 0  m S v ;  I t  i s  5 0 0  m S v  e a c h

M v o L  j j  n o .  s  hay i 9 v s

f o r  t h e  s k i n ,  h a n d s  a n d  f e e t .  F o r  t h e  

g e n e r a l  p u b l i c ,  t h e  M P D  i s  1 5  m S v  f o r  

t h e  l e n s  n n d  5 0  m S v  f o r  t h e  s k i n .

F o r  o c c u p a t i o n a l l y  e x p o s e d  p r e g ­

n a n t  w o r k e r s ,  t h e  M P D  I s  l / 1 0 t h  t h e  

n o r m a l  r e c o m m e n d e d  M P D . 9

D e n t a l  H C W s  w h o  a r c  n o t  o c c u p a ­

t i o n a l l y  e x p o s e d  h a v e  t h e  s a m e  M P D  a s  

f o r  t h e  g e n e r a l  p u b l i c .  A t  d o s e S  e q u a l  

t o  t h e  M F D ,  t h e  r i s k  i s  n o t  z e r o ,  b u t  I t  

I s  s m a l l  a n d  c o n s i s t e n t  w i t h  r i s k s  

e n c o u n t e r e d  I n  o t h e r  o c c u p a t i o n s .  

T h u s ,  n o  m a t t e r  h o w  s m a l l  t h e  d o s e ,  

t h e r e  m a y  b e  s o m e  e f f e c t . ™

A c c o r d i n g  t o  I C R P ,  n o  111 e f f e c t s  o r  

I n j u r i e s  h a v e  b e e e n  e n c o u n t e r e d  a s  a  

r e s u l t  o f  e x p o s u r e s  w i t h i n  t h e  l i m i t s  

d e f i n e d  b y  t h e  M P D . S  I t  s h o u l d  b e  n o t ­

e d  t h a t  N C R P  a n d  I C R P  a r e  p r i v a t e  

n o n p r o f i t  o r g a n i z a t i o n s ;  t h e r e f o r e ,  

t h e i r  r e c o m m e n d a t i o n s  d o  n o t  c a r r y  

t h e  f o r c e  o f  l a w  H o w e v e r ,  m o s t  F e d e r a l  

a h d  s t a t e  r a d i a t i o n  r e g u l a t o r y  b o d i e s  

f o l l o w  t h e s e  r e c o m m e n d a t i o n s .

Risk From Dental Radiation
R i s k  f r o m  d e n t a l  r a d i a t i o n ,  o f t e n  

r e f e r r e d  t o  i n  t e r m s  o f  a b s o l u t e  r i s k ,  i s  

e x p r e s s e d  a s  t h e  n u m b e r  o f  c x j a  f a t a l  

c a n c e r s  i n  a  g i v e n  t i s s u e  o r  o r g a n i s m  

p e r  m i l l i o n  X - r a y  e x a m i n a t i o n s .  

A c c o r d i n g  t o  t h e  B E I R  V  a n d  t h e  1 9 9 0  

I C R P  r e p o r t s ,  t h e  r e l a t i v e  r i s k  m o d e l  I s  

t h e  m o s t  a p p r o p r i a t e  w a y  t o  e s t i m a t e  

r i s k .  I n  1 9 9 2 ,  W h i t e *  c o m p a r e d  t h e  r i s k  

o f  f a t a l  c a n c e r s  p e r  m i l l i o n  f u l l  m o u t h  

s u r v e y s  ( F M X )  t o  t h a t  o f  p a n o r a m i c  

r a d i o g r a p h s  ( P A N ) .  H i s  d a t a  w e r e  b a s e d  

o n  F M X s  e x p o s e d  a t  7 0  k V p ,  D  s p e e d  

f i l m  a n d  r o u n d  o p e n - e n d e d  c o n e s  

( P 1 D )  a n d  P A N s  U s i n g  r a r e  e a r t h  

s c r e e n s .  F o r  b o n e  m a r r o w ,  h e  r e p o r t e d  

0 . 7  e x t r a  c a n c e r s  p e r  m i l l i o n  F M X s  a n d  

0 . 0 6  e x t r a  c a n c e r s  p e r  m i l l i o n  P A N s .  

H e  a l s o  n o t e d  0 . 1  a n d  0 . 0 1  e x t r a  c a n ­

c e r s  o f  t h e  l u n g  r e s p e c t i v e l y  f o r  t h e  

F M X  a n d  P A N  e x a m i n a t i o n s ;  0 . 1  

( F M X )  a n d  0 . 0 2  ( P A N )  e x t r a  c a r l c e r s  o f  

t h e  e s o p h a g u s ;  0 . 8  ( F M X )  a n d  0 . 0 6  

( P A N )  e x t r a  c a n c e r s  o f  t h e  t h y r o i d .  

O v e r s Q I ,  w h e n  a l l  t i s s u e  s i t e s  w e r e  c o n ­

s i d e r e d ,  W h i t e  f o u n d  2 . 5  e x t r a  c a n c e r s  

p e r  m i l l i o n  F M X s  a n d  0 . 2 1  e x t r a  c a n ­

c e r s  p e r  m i l l i o n  p a n o r a m i c  e x a m i n a ­

t i o n s .  D a n f o r t h  a h d  G i b b s 1 1 h a v e  s t a t ­

e d  t h a t  d i e  r i s k s  f r o m  d e n t a l  r a d i a t i o n  

c o m p a r e  w i t h  s i m i l a r  o n e  I n  a  m i l l i o n  

r i s k s  t h a t  w e  t a k e  e v e r y  d a y ;  f o r  c o m ­

p a r i s o n ,  s e e  t a b l e  2 . 1 2

A c c o r d i n g  t o  s e v e r a l  r e p o r t s , 1 - *  t h e r e  

m a y  b e  a n  i n c r e a s e d  r i s k  o f  m a l i g n a n t  

p a r o t i d  s a l i v a r y  g l a n d  t u m o r s  a s s o c i a t ­

e d  w i t h  d e n t a l  r a d i a t i o n .  I n  h i s  r e v i e w .  

W h i t e 1  r e p o r t e d  a n  o v e r a l l  1 0 - f o l d

T ab le  2 : One In 1 m illio n  r i s k  of fa ta l o u tco m e

Risk Outcom e
20 minutes as BO-yenr-old mala natural death
2 months In Denver, CO cosmfo radiation
10 miles by cycle accident
300 mlleb by automobile accident
10 days typical factory work ncrident
1 cigarette chemical carcinogens
500 ml wine alcohol-related death
125 ml whiskey alcohol-relaled death
1600 ml beor alcohol-related death
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I n c r e a s e  I n  t h e  r i s k  o f  d e v e l o p i n g  c a n ­

c e r  f r o m  t h e  I n t r a o r a l  f u l l  m o u t h  s u r ­

v e y  a j  c o m p a r e d  t o  t h e  p a n o r a m i c  

e x a m i n a t i o n .  U n d e r h i l l  a n d  c o l ­

l e a g u e s 1 3  I n c l u d e d  t h e  s a l i v a r y  g l a n d  

d a t a  i n  t h e i r  s t u d y ,  a n d  f o u n d  a  1 5 - f o l d  

i n c r e a s e  I n  t h e  r i s k  o f  d e v e l o p i n g  a  

r a d i a t i o n - i n d u c e d  c a n c e r  u s i n g  F M X s  

a s  c o m p a r e d  P A N s .

T h e  r i s k  o f  r a d i a t i o n  d a m a g e  t o  t h e  

e y e  I s  c a t a r a c t  f o r m a t i o n .  T h e  l y p e  o f  

d o s e  r e s p o n s e  c u r v e  u s e d  I n  e s t i m a t i n g  

t h i s  r i s k  I s  t h e  t h r e s h o l d  t y p e  a s  

o p p o s e d  t o  t h e  l i n e a r  t y p e .  T h i s  m e a n s  

v e r y  l i t t l e  d a m a g e '  c a n  b e  d e t e c t e d  B t  

d o s e s  l e s s  t h a n  t h e  t h r e s h o l d  d o s e ,  

w h i c h  f o r  r a d i a t i o n - i n d u c e d  c a t a r a c t s  

o f  t i r e  e y e  l a  a b o u t  2  G y  w h e n  t h e  d o s e  

i s  r e c e i v e d  I n  a  s i n g l e  e x p o s u r e . 1 4 , 1 6  

A c c o r d i n g  t o  B E I R  V ,  i t  I s  m o r e  t h a n  5  

G Y  w h e n  t h e  d o s e  I s  r e c e i v e d  a s  m u l t i ­

p l e  e x p o s u r e s  o v e r  a  p e r i o d  o f  w e e k s . 5  

W h e n  l o n g  r o u n d  o p e n - e n d e d  c o n e s  

a r e  U s e d ,  t h e  s i n g l e  f i l m  d o s e  t o  t h e  e y e  

I s  0 . 5  m G y ,  w h e r e a s  f o r  t h e  p a n o r a m i c  

I t  1 $  0 . 0 9  r o G y  p e r  P A N . 1 4 * 1 5  T h u s ,  t i r e  

d s k  o f  p r o d u c i n g  d a m a g e  t o  t h e  e y e  i n  

L — - , - n t f l l  r a d i o l o g y  i s  r e m o t e .

T h e  r e p o r t e d  g o n a d a l  d o s e  f r o m  a n  

F M X  r a n g e s  f r o m  2  t o  2 0 p G y  w i t h  t h e  

p r o t e c t i v e  a p r o n  I n  p l a c e . 1 7  T h e  

g o n a d a l  d o s e  i n  p a n o r a m i c  r a d i o l o g y  i s  

m u c h  l d s s  t l i a r t / i h e  F M X  d o s e  w h e n  

t h e  p r o t e c t i v e  A p r o n  i s  I n  p l a c e ,  a s  t h e  

h a r r o w  s i l t  b e a m  o f  r a d i a t i o n  I s  d i r e c t ­

e d  f r o m  b e l o w  i t  a n  u p w a r d s  a n g l e  o f  

5 - 7  d e g r e e s . 1 8

Reducing Patient Dose
A d v a n c e s  I d  t e c h n o l o g y ,  g r e a t e r  

p a t i e n t  a w a r e n e s s  a n d  t h e  a p p l i c a t i o n  

b f  n e w  d e v i c e s  b y  d e n t i s t s  o i l e r  m a n y  

o p p o r t u n i t i e s  f o r  r e d u c i n g  t h e  d o s e  o f  

r a d l a t l o i t  t o  p a t i e n t s .

T h e  U s e  o f  h i g h e r  k V p  r e s u l t s  i n  l e s s  

r a d i a t i o n  a b s o r b e d  b y  t h e  p a t i e n t .  I n  

g e n e r a l ,  h i g h e r  k V p  r a d i a t i o n  I s  m o r e  

p e n e t r a t i n g ,  r e s u l t i n g  i n  l e s s  o f  t h e  

r a d t t t i o r i  b e i n g  a b s o r b e d  b y  t h e  s u p e r ­

f i c i a l  s o f t  t i s s u e s .  T h e r e f o r e ,  a  l e s s e r  

a m o u n t  o f  t h e  h i g h e r  k V p  r a d i a t i o n  I s  

n e e d e d  t o  e x p o s e  t h e  f i l m .  I n  o n e  

s l u d y ,  t h e r e  w a s  a  r e d u c t i o n  o f  u p  t o  

2 3  p e r c e n t  b e t w e e n  c o m p a r a b l e  t l e n s l -  

t y . r a d l o g r n p h s  ( o v e r a l l  d a r k n e s s  )  w i t h  

^ B p ^ n C T e a s e  I n  k V p  f r o m  7 0  t o  9 0 . 1 9  

^ T O d a ,  m o t t y  x - r a y  m a c h i n e s  h a v e  f i x e d
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k l l o v o l t a g e s  o f  7 0  k V p  o r  l e s s .  T h e s e  

d e v i c e s  a r e  l e s s  d e s i r a b l e  t h a n  t h o s e  

c a p a b l e  o f  s e t t i n g s  u p  t o  9 0 / 1 0 0  k V p .

T h e  u s e  o f  t h e  l o n g  c o n e  ( P I D )  h a s  

a l w a y s  p r o d u c e d  a  l e s s e r  a b s o r b e d  r a d i ­

a t i o n  d o s e  t o  t h e  p a t i e n t  t h a n  t h e  

s h o r t  c o n e  ( P I D ) . 3 0  T h i s  1 -  b e c a u s e  t h e  

c o l l i m a t o r  o n  n n  e i g h t - i n c h  s h o r t  T I D  

I s  a b o u t  t h e  s i z e  o f  a  n J c k e i ,  w h i l e  d i e  

c o l l i m a t o r  f c t  a  l o n g  1 6 - I n c h  P I D  i s  

a b o u t  t h e  s i z e  o f  a  d i m e .  T h u s ,  w i t h  

t h e  s m a l l e r  c o l l l m n t o r ,  l e s s  o f  t h e  

p a t i e n t ' s  t i s s u e s  a r e  I r r a d i a t e d ,  r e d u c i n g  

i h e  s e c o n d a r y  r a d i a t i o n  d o s e s  t o  t h e  

p a t i e n t .  S e c o n d a r y  r a d i a t i o n  o c c u r s  

w h e n  p h o t o n s  o f  r a d i a t i o n  b o u n c e  o f f  

d e n s e  t i s s u e s  s u c h  a s  b o n e  a n d  a r e  r e d i ­

r e c t e d  t o  a n o t h e r  p a r t  o f  t h e  b o d y  t o  

p r o d u c e  e x p o s u r e s  a t  d i s t a n t  s i t e s ,  s u c h  

a s  t h e  g o n a d s .  B e c a u s e  t h i s  r e d i r e c t e d  

r a d i a t i o n  I s  i n t e r n a l ,  t h e  u s e  o f  p r o t e c ­

t i v e  a p r o n s  i s  o f  l i m i t e d  v a l u e  i n  

s h i e l d i n g  p a t i e n t s  a g a i n s t  t i l l s  t y p e  o f  

r a d i a t i o n .  B e c a u s e  o f  t h e  i n v e r s e  s q u a r e  

l a w , 2 1  t h e  e x p o s u r e  t i m e  f o r  t h e  l o n g  

c o n e  w i l l  b e  f o u r  t i m e s  l o n g e r  t h a n  f o r  

t h e  s h o r t  c o n e  t o  p r o d u c e  f i l m s  o f  t h e  

s a m e  d e n s i t y  I f  t h e  f i l m  s p e e d ,  k V p  a n d  

m A  a r e  k e p t  c o n s t a n t .  H o w e v e r ,  

t h o u g h  t h e  r a d i a t i o n  e x p o s u r e s  t o  l i r e  

f i l m  a r e  t h e  s a m e ,  a s  s t a t e d  p r e v i o u s l y ,  

m o r e  t i s s u e  I s  e x p o s e d  w i t h  t i r e  u s e  o f  

t h e  s h o r t  c o n e .

T h o u g h  t h e  s h o r t  c o n e  m a y  b e  m o r e  

c o n v e n i e n t ,  t h e  s e l e c t i o n  o f  a  m a c h i n e  

w i t h  a  r e c e s s e d  a n o d e  d e s i g n  h a s  t h e  

c o n v e n i e n c e  o f  a  s h o r t  c o n e  a n u  w i t  

d o s e  r e d u c t i o n  a d v a n t a g e s  o f  t h e  l o n g  

P f D .  T o  a s s e s s  t r u e  c o n e  l e n g t h ,  s t u d y  

t h e  m a c h i n e  s p e c i f i c a t i o n s  o r  m e a s u r e  

f r o m  t h e  d o t  r e p r e s e n t i n g  t h e  l o c a t i o n  

o f  t h e  f o c a l  s p o t  o n  t h e  h i b e h e a d  t o  

t h e  t i p  o f  t h e  c o n e .  H o w e v e r ,  r e c e s s e d  

a n o d e  t u b e h e a d s  a r e  d i f f i c u l t  t o  f i n d  a t  

t h e  p r e s e n t  t i m e .

U s i n g  d i e  l o n g  P I D  w i t h  r e c t a n g u l a r  

c o U l m a l l o n  w i l l  f u r t h e r  r e d u c e  p a t i e n t  

d o s e s  f r o m  t h o s e  r e c e i v e d  w i t h  t h e  

l o n g  r o u n d  P I D .  R e c t a n g u l a r  c o l l l m n -  

t l o n  c a n  b e  a c h i e v e d  b y  P r e c i s i o n  f i l m  

h o l d e r s ,  R l n n  o r  M a j g r a f  r e c t a n g u l a r  

P I D s  o r  d i e  R l n n  s t a i n l e s s  s t e e l  r e c t a n ­

g u l a r  c o l l i m a t o r  a t t a c h e d  t o  d i e  e n d  o f  

t i r e  r o u n d  P I D .  U n d e r h i l l  r e p o r t e d  t h e  

d o s e  t o  d i e  t h y r o i d  g l a n d  f o r  a  2 0 - f l l r n  

F M X  u s i n g  t h e  l o n g  r o u n d  t o n e  I s  G 2 8  

p G y ,  w h i l e  t h e  d o s e  u s i n g  t h e  l o n g

r e c t a n g u l a r  c o n e  w a s  2 7 0  p G y .  F o r  t h e  

p a r o t i d  g l a n d ,  t h e  d o s e  f o r  t h e  F M X  

w a s  5 , 2 3 6  p G y ,  a n d  f o r  t h e  r e c t a n g u l a r  

c o n e ,  8 5 9 p  G y ,  a  c o n s i d e r a b l e  s a v i n g s  -  

'  I n  d o s e . 2 2  U n d e r h i l l  r e p o r t e d  a  r i s k  o f  

7 . 1 - 1 7  e x t r a  c a n c e r s  f o r  t h e  F M X  u s i n g  

t h e  l o n g  r o u n d  c o n e ,  w h i l e  t h e  r i s k  

u s i n g  t h e  l o h g  r e c t a n g u l a r  c o n e  w a s  

2 . 5 - 6 . 6  e x t r a  c a n c e r s  p e r  m i l l i o n  

F M X s . 1 3

T h e  l e a d e d  a p r o n  i s  u s e f u l  I n  p r o ­

t e c t i n g  t h e  p a t i e n t  f r o m  s c a t t e r  r a d l n -  

t i o n .  S c a t t e r  r a d i a t i o n  o c c u r s  a f t e r  t h e  

p r i m a r y  b e a m  p a s s e s  t h r o u g h  t h e  

p a t i e n t  a n d  b o u n c e s  o f f  d e n s e  o b j e c t s  

I n  t h e  r o o m ,  r c e x p o s l n g  t h e  p a t i e n t .  

T h u s ,  t h e  l e a d e d  a p r o n  d e s i g n e d  f o r  

I n t r a o r a l  r a d i o g r a p h y  s h o u l d  c o v e r  t h e  

t h o r a x  a n d  a b d o m i n a l  a r e a .  I n  

p a n o r a m i c  r a d i o l o g y ,  t h e  p o n c h o  t y p e ,  

w h i c h  h a n g s  f r o m  t h e  s h o u l d e r s  a n d  

p r o t e c t s  b o t h  t h e  f r o n t  a n d  b a c k  s i d e s  

o f  t h e  p a t i e n t .  I s  p r e f e r r e d .  T h i s  I s  

b e c a u s e  b o t h  t h e  f r o n t  a n d  b a c k  o f  t h e  

p a t i e n t  a r e  e x p o s e d  i n  p a n o r a m i c  x - r a y  

p r o j e c t i o n s . 2 2

T i r e  t h y r o i d  s h i e l d  c a n  b e  u s e d  f o r  

i n t r a o r a l  r a d i o g r a p h y ,  b u t  s h o u l d  n o t  

b e  e m p l o y e d  I n  p a n o r a m i c  r a d i o l o g y  a s  

i t -  w i l l  a b s o r b  p o r t i o n s  o f  t h e  l o w e r  p a r t  

o f  t l i e  p r i m a r y  b e a m  a n d  p r o d u c e  v o i d s  

i n  t h e  i m a g e .  I t  I s  I n t e r e s t i n g  t o  n o t e  

t h a t  I n  s p i t e  o f  t h f e  t h y r o i d  s h i e l d  b e i n g  

I n  p l a c e  f o r  t i t e  F M X ,  U n d e r h i l l  t e p o r t -  

e d  d o s e s  o f  6 2 8  p G y  f o r  t h e  F M X  u s i n g  

t h e  l o n g  r o u n d  c o n e ,  2 7 0  p G y  f o r  t h e  

F M X  u s i n g  t h e  l o n g  r e c t a n g u l a r  c o n e  

n n d  o n l y  4 7  | i  G y  f o r  L i t e  p a n o r a m i c  

w i t h o u t  t h e  t l i y r o i d  s h i e l d . 2 2

U s i n g  f a s t e r  f i h n  c a n  r e d u c e  e x p o ­

s u r e  b y  a  f a c t o r  o f  4 0  p e r c e n t  t o  5 0  p e r ­

c e n t . 2 3  i n  t h e  U n i t e d  S t a t e s ,  t h i s  w i l l  

m e a n  u s i n g  t h e  n e w  K O D A K  

E K T A S P E E D  P l u s  f i l m  I n s t e a d  o f  

K O D A K  D  s p e e d  f i l m .  T h e  r e c o m m e n d ­

e d  p r o c e s s i n g  s o l u t i o n  f o r  t i l l s  f i l m  I s  

t h e  K O D A K  R e n d y m a t i c  c h e m i c a l s .  T h e  

r e c o m m e n d e d  d a r k r o o m  s a f c l l g h t  I s  a  7  

1 / 2  w a t t  b u l b  w i t h  t h e  K O D A K  G B X  I I  

f i l t e r  a t  t h e  u s u a l  f o u r  f e e l  f r o m  t h e  

c o u n t e r l o p .

P A N  v s  F M X

S e l e c t i n g  a  p a n o r a m i c  r a d i o g r a p h  i n  

l i e u  o f  t h o  i n t i a o r a l  f u l l  m o u t h  s u r v e y  

w i l l  r e s u l t  I n  a  s i g n i f i c a n t  s a v i n g s  I n  

r a d i a t i o n  d o s e  t o  t h e  p a t i e n t  w i t h o u t
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n e c e s s a r i l y  c o m p r o m i s i n g  t h e  d i a g n o s ­

t i c  b e n e f i t  o f  t h e  r a d i o g r a p h s .  W h i l e  

e s t i m a t e d  t h a t  t h e r e  I s  a b o u t  1 0  t i m e s  

l e s s  r a d i a t i o n  d o s e  t o  t h e  p a t i e n t  f t o m  

t h e  p a n o r a m i c  r a d i o g r a p h  t h a n  t h e  

F M X . l

W h i t e  h a s  a d v o c a t e d  i n c l u d i n g  t h e  

s a l i v a r y  g l a n d s ,  p a r t i c u l a r l y  t l i e  

p a r o t i d ,  a s  t i s s u e s  a t  r i s k  f o r  t h e  d e v e l ­

o p m e n t  o f  e x t r a  c a n c e r s  a s  a  r e s u l t  o f  

d e n t a l  r a d i o g r a p h y .  I n  1 9 8 8 ,  U n d e r h i l l  

a r i d  c o l l e a g u e s  c o m p a r e d  d o s e s  t o  t h e  

s a l i v a r y  g l a n d s  f t o m  F M X s  t o  t h o s e  

f r o m  P A N s .  T h e y  u s e d  E  s p e e d  f i l m ,  9 0  

k V p  a n d  t h e  l o n g  r o u n d  o p e n - e n d e d  

P l D  f o r  t h e  F M X s  a n d  r a r e  e a r t h  

s c r e e n s  f o r  t h e  P A N s .  T h e y  r e p o r t e d  t h e  

f o l l o w i n g  d o s e s :  f o r  t h e  p a r o t i d  g l a n d ,  

t h e  F M X  d e l i v e r e d  a n  a v e i a g e  d o s e  o f  

5 , 2 3 6  p G y  v e r s u s  6 7 0  p G y  f o r  t h e  P A N ,  

n e a r l y  s e v e n  t i m e s  l e s s  r a d i a t i o n  f o r  

t h e  P A N .  F o r  t h e  s u b m a n d i b u l a r  g l a n d ,  

t h e  F M X  d e l i v e r e d  a n  a v e r a g e  d o s e  o f  

8 , 9 8 4  j i G y  v e r s u s  3 7 5  ( i G y  f o r  t h o  P A N ,  

2 4  t i m e s  l e s s  r a d i a t i o n  f o r  t h e  P A N .  F o r  

t l i f e  s r i b l l n g u a l  g l a n d ,  t h e  F M X  d e l i v ­

e r e d  A n  a v e r a g e  d o s e  o f  7 , 8 3 3  p G y  v e r -  

s i i S  1 3 4  p G y  f o r  t h e  P A N ,  h e a r l y  5 9  

l l i n e s  l e s s  r a d i a t i o n  f o r  t h e  P A N .  “

^  ' L a r t g l a i s  a n d  c o l l e A g u e s 2 4  h a v e  d l s -  

j r ?  c U i s c d  l r i  i o m e  d e t a i l  e v i d e n c e  w h i c h  

"  ' V i o r i l c a t e l  t h a t  a  p r o p e r l y  e x p o s e d  

— p d n o r A m l c  r a d i o g r a p h  m a y .  I n  m a n y  

I n s t a n c e s ,  b e  u s e d  t o  I n t e r p r e t  l n t r -  

c i p r o x h n a l  c a r l e s ,  e s p e c i a l l y  I n  t h e  p o s ­

t e r i o r  r e g i o n ;  t h e  l e v e l  o f  a l v e o l a r  b o n e  

‘ I n T t h c  a s s e s s m e n t  o f  p e r i o d o n t a l  d l s -  

e a i & p a n d  p e r i a p i c a l  d i s e a s e  o f  p u l p a l  o r  

p e r i o d o n t a l  o r i g i n .  D i a g n o s i s  o f  t h e s e  

d e n t a l  d i s e a s e s  p r e v i o u s l y  w a s  b e l i e v e d  

b y  t n o s t  l o  r e q u i r e  f u l l  m o u t h  s u r v e y  

u n d / o t  b l t e w l n g s ,  W h i l e  t h i s  r e c o m ­

m e n d a t i o n  m a y  n o t  b e  a p p r o p r i a t e  I n  

n i l  c o s e s ,  t h e r e  I s  m o u n t i n g  e v i d e n c e  

t h k t  s U c h  d i a g n o s e s  c a n  b e  m a d e  w i t h  

t h e  a i d  o f  p r o p e r l y  e x p o s e d  p a n o r a m i c  

r a d i o g r a p h s .  T h i s  p h e n o m e n o n  m a y  b e  

e x p l a i n e d  I n  p a r t  b y  t h e  r e p o r t s  o f  s e v ­

e r a l  I n v e s t i g a t o r s  w h o  c o m p a r e d  d i r e c t  

e x p o s u r e  I n t r a o r a l  f i l m  t o  I n t r a o r a l  

s c r e e n / f i l m  l i n a g e s .  T h e y  f o u n d  t h a t  

c l i n i c a l  I d d g e r r t c n t  s e e m e d  t o  b e  a f f e c t ­

e d  m o r e  b y  c o n t r a s t  t h a n  b y  

s h a r p n e s s 2 3  a n d  t h e  h i g h e r  c o n t r a s t  o E  

t h e  s c r e e n / f i l m  I m a g e  o v e r  E  s p e e d  f i l m  

s e e m e d  I n  c o m p e n s a t e  f o r  t h e  i n h e r e n t  

r e d u c t i o n  I n  s h a r p n e s s . 2 4  P a n o r a m i c

f i l m s  a n d  r a r e  e a r t h  s c r e e n s  a r e  c a p a b l e  

o f  p r o d u c i n g  s u f f i c i e n t  c o n t r a s t  t o  d i s ­

t i n g u i s h  b o t h  b o n y  a n d  s o f t  t i s s u e  

d e t a i l s ,  a s  w e l l  a s  t h e  d i f f e r e n c e  I n  d e n ­

s i t i e s  b e t w e e n  e n a m e l ,  d e n t i n  a n d  

p u l p .

T r a d i t i o n a l l y ,  r e s o l u t i o n ,  w h i c h  I s  a  

m e a s u r e m e n t  o f  s h a r p n e s s ,  h e s  b e e n  

u s e d  a s  t h e  p r i m a r y  c r i t e r i a  t o  a s s e s s  

t h e  e f f i c a c y  o f  a n  I m a g e ;  a d e q u a t e  r e s o ­

l u t i o n  h a s  b e e n  t h e  p r i n c i p a l  r e a s o n  

f o r  a d v o c a t i n g  I n t r a o r a l  r a d i o g r a p h s  

f o r  t h e  a f o r e m e n t i o n e d  d i a g n o s e s . 2 7  

S c a r f e  a n d  c o l l e a g u e s 2 8  c a l c u l a t e d  t h e  

h o r i z o n t a l  a n g l e  o f  i n c i d e n c e  o f  t h e  

p a n o r a m i c  b e a m  r e q u i r e d  t o  r o u t i n e l y  

a v o i d  i n t e r p r o x i m a l  o v e r l a p ,  e s p e c i a l l y  

a s  o f t e n  o c c u r s  I n  t h e  p r e m o l a r  a r e a .  

T h e y  s t a t e  t h a t  t h e r e  a r e  s e v e r a l  

m a c h i n e s  w i t h  I m p r o v e d  o r t h o g o n a l  

p r o j e c t i o n s  a v a i l a b l e ,  t h o u g h  n o n e  o f  

t h e s e  m a c h i n e s  w e r e  s p e c i f i c a l l y  

d e s i g n e d  o n  t h e  b a s i s  o f  n e w e r  p r o j e c ­

t i o n  g e o m e t r y  d a t a .  H o w e v e r ,  s i n c e  

m o s t  o f  t h e s e  n e w e r  m a c h i n e s  a r e  

b a s e d  o n  r o b o t i c  p r i n c i p l e s  a n d  c o n ­

t r o l l e d  b y  a  s p e c i f i c  c o m p u t e r  c h i p ,  

e v e n  o l d e r  m o d e l s  c a n  b e  u p d a t e d  

w h e n  n e w e r  p a n o r a m i c  p r o j e c t i o n  

b e a m  g e o m e t r y  b e c o m e s  a v a i l a b l e .  

W h e n  t h e r e  I s  a  r e d u c t i o n  o f  p o s t e r i o r  

I n t e r p r o x i m a l  o v e r l a p  a n d  s u f f i c i e n t  

c o n t r a s t ,  t h e n  c a r l e s  a n d  m a n y  o t h e r  

s u b t l e  d e n s i t y  c h a n g e s  w i l l  b e  r e a d i l y  

d e c t e c t e a b l d  I n  p a n o r a m i c  r a d i o ­

g r a p h s . 2 9

In a  r e c e n t  r e p o r t  u s i n g  n a r r o w  

b e a m  p a n o r a m i c  r a d i o l o g y  ( S c a n o r a /  

S o r e d e x ) ,  T a m m l s a l d  a n d  c o l l e a g u e s 3 0  

f o u n d  t h e  p a n o r a m i c  I m a g e  w a s  b e t t e r  

t h a n  l n t r a o r a l  r a d i o g r a p h s  f o r  d e t e c t ­

i n g  p e r i o d o n t a l  a n d  p e r i a p i c a l  p a t h o l ­

o g y .  L a n g l a l s  a n d  c o l l e a g u e s 2 *  r e p o r t -  

e d  t h a t  s o m e  I n v e s t i g a t o r s  h a v e  

o b s e r v e d  t h a t  p e r i a p i c a l  r a r c l a c t l d n  o f  

b o n e  I s  d e t e c t e d  m o r e  e a s i l y  o n  t h e  

p a n o r a m i c  r a d i o g r a p h  t h a n  I h e  c o r r e ­

s p o n d i n g  p e r i a p i c a l ,  t h o u g h  t h e  r e a ­

s o n  f o r  t h i s  s o  f a r  d e f i e s  f u l l  e x p l a n a ­

t i o n .

R a d i a t i o n  d o s e s  f r o m  p a n o r a m i c  x -  

r a y s  c a n  b e  f u r t h e r  r e d u c e d  b y  a p p r o x ­

i m a t e l y  4 0  p e r c e n t  b y  p l a c i n g  a  f i l t e r  

o f  t a r e  e a r t h  s c r e e n  m a t e r i a l  o v e r  t h e  

n a r r o w  s i l t  p a n o r a m i c  c o l l i m a t o r  

w i t h o u t  a p p r e c i a b l y  a f f e c t i n g  I m a g e  

q u a l i t y .

D i r e c t  D ig i t a l  I m a g in g
T h e  I n t e g r a t i o n  o f  d i r e c t  d i g i t a l  x -  

r a y  I m a g i n g  m a y  r e d u c e  t h e  r a d i a t i o n  

d o s e  t o  p a t i e n t s ,  f n t r a o r a l  d i r e c t  d i g i t a l  

s y s t e m s  a v e r a g e  a b o u t  5 0  p e r c e n t  l e s s  

r a d i a t i o n  t h a n  t h e  f a s t e s t  c u r r e n t  f i l m -  

b a s e d  I m a g e s .  N a r r o w  b e a m  d i g i t a l  

p a n o r a m i c  d e v i c e s  h a v e  t h e  p o t e n t i a l  

o f  r e d u c i n g  r a d i a t i o n  d o s e  b y  a t  l e a s t  

5 0  p e r c e n t  w h e n  t h e s e  n e w  m a c h i n e s  

a r e  I n t r o d u c e d  t o  t h e  m a r k e t ,  m o s t  

l i k e l y  I n  1 9 9 5 .

S e v e r a l  r e v i e w s  o n  d i g i t a l  I m a g i n g  

h a v e  b e e n  p r e s e n t e d . 3 1 - 3 3  T w o  t y p e s  o f  

l n t r a o r a l  d i g i t a l  s y s t e m s  c u r r e n t l y  a r e  

a v a i l a b l e .  T h e  f i r s t  I n v o l v e s  a  s c r e e n -  

p r o d u c i n g  f l u o r e s c e n c e  t r a n s m i t t e d  b y  

a  f i b e r o p t i c  b u n d l e  t o  a  c h a r g e  c o u p l e d  

d e v i c e  C C D  a n d  t h e n  t o  t h e  c o m p u t e r  

o r  a  d i r e c t  e x p o s u r e  C C D  t y p e  o f  d e t e c ­

t o r .  C C D s  t r a n s m i t  t h e  I m a g e  I n f o r m a ­

t i o n  t o  t h e  c o m p u t e r  b y  a  l i n e  s i m i l a r  

t o  a  t e l e p h o n e  w i r e ,  t h u s  a l l o w i n g  

I n s t a n t a n e o u s  v i e w i n g  o f  t h e  I m a g e .  

T h e s e  C C D  d e t e c t o t s  a r e  n a r r o + v e r  t h a n  

n u m b e r  2  p e r i a p i c a l  f i l m ,  s o  m o r e  

e x p o s u r e s  m a y  b e  r e q u i r e d  f o r  t h e  f u l l  

m o u t h  s u r v e y .  T h e r e f o r e ,  t h e  r e d u c t i o n  

I n  r a d i a t i o n  f r o m  t a k i n g  a n  F M X  w i t h  

a  C D D  d i g i t a l  d e v i c e  m a y  b e  m i s l e a d ­

i n g .

T h e  s e c o n d  t y p e  o f  d e t e c t o r  i s  a n  

I m a g e  s t o r a g e  p h o s p h o r  p l a t e .  T h i s  

t y p e  o f  d e t e c t o r  h a s  n o  w i r e ,  b u t  m u s t  

b e  p l a c e d  I n t o  t h e  c o m p u t e r  v i a  a  r e a d ­

o u t  d e v i c e  w h i c h  p r o c e s s e s  t h e  s t o r e d  

i m a g e  e l e c t r o n i c a l l y  i n t o  a  d i g i t a l  

I m a g e  f o r m a t .

E a c h  o f  t h e s e  d i g i t a l  i n b a o i a l  s y s ­

t e m s  h a s  a d v a n t a g e s  a n d  d i s a d v a n ­

t a g e s ,  b u t  b o t h  h a v e  t h e  f o l l o w i n g  f e a ­

t u r e s  I n  c o m m o n :  l e s s  p r i m a r y  r a d i a ­

t i o n  a n d  d i m i n i s h e d  s c a t t e r  p e r  I m a g e ;  

n o  f i l m  o r  c h e m i c a l  p r o c e s s i n g  a n d  

a s s o c i a t e d  d e v i c e s ,  c h e m i c a l s ,  m a i n t e ­

n a n c e  a n d  s p a c e  n e e d e d ;  l o n g - t e r m  

s a v i n g s  a s  t h e t c  I s  n o  n e e d  f o r  m a t e r i ­

a l s  a r . d  s u p p l i e s  s u c h  a s  f i l m ,  m o u n t s ,  

c h e m i c a l s  f o r  p r o c e s s i n g ,  p r o c e s s o r  

m a i n t e n a n c e  a n d  I n f e c t i o n  c o n t r o l ;  

s i m p l i f i e d  I n f e c t i o n  c o n t r o l  p r o c e d u r e  

r e q u i r e m e n t s ;  m p l d  I m a g e  a c q u i s i t i o n ;  

i m p r o v e d  c o n v e n i e n c e  a n d  l a b o r  c o s t  

s a v i n g s ;  f e w e r  r e t a k e s  b e c a u s e  t h e  d e n ­

s i t y  o r  c o n t r a s t  c a n  b e  a l t e r e d  b y  d i g i t a l  

I m a g e  a d j u s t m e n t s  i n  t h e  c o m p u t e r ;  

e x p a n d e d  d i a g n o s t i c  y i e l d  b y  I m a g e
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s u b t r a c t i o n  t o  d e t e c t  e a r l y  c a r i e s  o r  

p e r i o d o n t a l  d i s e a s e ;  t e p i d  c o n s u l t a t i o n  

b y  a  f a x i l k e  t r a n s m i s s i o n  t o  o n e  o r  s e v ­

e r a l  c o l l e a g u e s  W i t h  c o m p a t i b l e  e q u i p ­

m e n t ;  a n d  b e t t e r  p a t i e n t  p a t i e n t  c o m ­

m u n i c a t i o n !  b y  u s e  bt t e l e v i s i o n  m o n i ­

t o r s  t b  e x p l a i n  t h e  p a t i e n t ' s  o r a l  c o n d i ­

t i o n .  S e v e r a l  p a n o r a m i c  s y s t e m s  a l s o  

a r e  a v a i l a b l e  O r  a r e  u n d e r  d e v e l o p m e n t  

a n d  W i l l  h a v e  d i g i t a l  f e a t u r e s  s i m i l a r  t o  

t h o s e  o i  t h e  d i r e c t  d i g i t a l  s y s t e m s  

d e s c r i b e d .

W h a t e v e r  s y s t e m  I s  I n  u s e ,  r e t a k i n g  

a n y  r a d i o g r a p h  d o u b l e s  t h e  r a d i a t i o n  

d o s e  t o  t h e  p a t i e n t  f o r  t i i a t  i m a g e .  T h e  

o b v i o u s  a n s w e r  t o  t h i s  p r o b l e m  I s  l o  

s t r i v e  f o r  p e r f e c t i o n  I n  t e c h n i q u e s  b y  

c o n t i n u e d  l e a r n i n g .  D e n t a l  h e a l t h c a r e  

w o r k e r s  h a v e  b e c o m e  a d e p t  a t  L n t r a o r a l  

r a d i o g r a p h y  o v e r  t h e  c e n t h r y  s i n c e  

R o e n t g e n ' s  d i s c o v e r y  o f  X - r a y s  I h  

G e r m  l i n y  i n  1 8 9 5 .  l n t r a o r a l  f l l m - p o s l -  

d B h l r t g  a n d  b e a m - i n d i c a t i n g  d e v i c e s  

a r i  h e l p f u l ,  a s  i s  s t r i c t  a d h e r e n c e  t o  t h e  

H l & n U f a c t u r e t ' s  i n s t r u c t i o n s  w i t h  

r e g a r d  t o  a u t o m a t i c  p r o c e s s o r  o p e r a ­

t i o n  a n d  m a i n t e n a n c e .  

i  I t  I s  t h e  a u t h o r s ’  b e l i e f  t h a t  

p a H o r t i m l c  r a d i o l o g y  e q u i p m e n t ,  f i r s t  

i n t r o d u c e d  3 5  y e a r s  a g o ,  a l t h o u g h  v e r y  

p o p u l i t ,  I s  l e s s  w e l l  u n d e r s t o o d  t h a n  

c o n v e n t i o n a l  l n t r a o r a l  r a d i o g r a p h y .  

T h e  j l f c n o r a m l c  s y s t e m  i s  g e n e r a l l y  

u n f o r g i v i n g  o f  p a t i e n t  p o s i t l o h l n g  a n d  

o t h e r '  t e c h n i c a l  e r r o r s ,  y f c t  t r o u ­

b l e s h o o t i n g  t h e  i r i i a g c  I s  v e r y  S i m p l e  t o  

l e i t r i .  T h e  f i r s t  s t e p  I n  U s i n g  p a n o r a m i c  

r a d i o g r a p h y  p r o p f e t l y  t s  t o  r e c o g n i s e  

d e f i c i e n c i e s  I n  I m a g e  q u a l i t y  a n d  p r o ­

j e c t i o n  g e o m e t r y .  O n c e  t h a t  I s  a c c o m ­

p l i s h e d *  t r a i n i n g  o f  d e n t a l  x - r a y  t e c h ­

n o l o g i s t s  b e o b m e s  t t  r a t h e r  s i m p l e  p r o ­

c e d u r e . ' A s  a  r e s u l t ,  t h e  d i a g n o s t i c  q u a l ­

i t y  O f  y o u r  p a n o r a m i c  t a d J o g r a p h s  w i l l  

i m p r o v e  I m m e n s e l y .

ttcdudhg Operator Risk
" The following rieconimendntions, as 
Iterated by Precce,3* haVe been In prac­
tice for tmuiy decades.

ri Stand at least 6 feet away from 
the patient and Irt tire safe quadrant, 
Whltll IS a pOstUon beWfecn 90 ahd 135 
degthes to the primiry bfcam.
! d 'W heri dirfdhce and p o sitio n  

ifqiiJfem eftts c&nnot he m et, stand 
- ^ i i f h l t i d  k n  Itnpctmcable b a r r i e r ,  such a s

'OL U  HO. i  MAY IWS

a  l e a d e d  w a l l  o r  o t h e r  s i m i l a r l y  e f f e c ­

t i v e  m a t e r i a l  s u c h  a s  c o n c r e t e ,  c l n -  

d e r b l o c k  o r  a  d o u b l e  t h i c k n e s s  o f  

s h e c t r o c k .

■  D o  n o t  h o l d  t h e  f i l m  o r  o t h e r  

d e v i c e s ,  s u c h  a s  t h e  t u b e h e a d ,  d u r i n g  

e x p o s u r e .  j

F o r  p e r s o n n e l  w h o  a r c  w o n t e d  

a b o u t  b e i n g  e x p o s e d  I n  a  d e n t a l  o f f i c e ,  

m o n i t o r i n g  d e v i c e s  n r e  a v a i l a b l e  w h i c h  

a c c u r a t e l y  m e a s u r e  t h e  e x p o s u r e .  

M o n i t o r i n g  d e v i c e s  s h o u l d  n o t  b e  

w o r n  w h e n  d e n t a l  p e r s o n n e l  h a v e  

r a d i o g r a p h s  t a k e n  o n  t h e m s e l v e s  a s  

p a t i e n t s .  U n d e r  n o r m a l  c i r c u m s t a n c e s ,  

p e r s o n n e l  r a d i a t i o n  m o n i t o r i n g  I s  n e i ­

t h e r  r e c o m m e n d e d  b y  t h e  a u t h o r s  n o r  

I s  I t  r e q u i r e d  b y  m o s t  s t a t e s .

T h e  r i s k  f r o m  e x p o s u r e  t o  r a d i a t i o n  

l i a s  a l w a y s  b e e n  a  c o n s i d e r a t i o n  I n  

w h a t  w e  d o  f o r  o u r  p a t i e n t s  a n d  S t a f f .  

T h e  r i s k  t o  p a t i e n t s  f o r  t h e  v e r y  s m a l t  

d o s e s  r e c e i v e d  t n  d e n t a l  r a d i o l o g y ,  

a l t h o u g h  s t i l l  a c k n o w l e d g e d  a s  s l i g h t ,  I s  

b e l i e v e d  t o  b e  g r e a t e r  ( U N S C E A R  1 9 8 8 ,  

B E I R  V  1 9 9 0  a n d  I C R P  1 9 9 0 )  t h a n  I n d i ­

c a t e d  i n  p r e v i o u s  r e p o r t s .  W i t h  c u r r e n t ­

l y  a v a i l a b l e  d e v i c e s  a n d  m a t e r i a * . ,  f u r ­

t h e r  d e c r e a s e s  I n  p a t i e n t  e x p o s u r e  a r e  

p o s s i b l e .  T h e  r i s k  o f  o c c u p a t i o n a l  e x p o ­

s u r e  I n  d e n t a l  r a d i o l o g y  I s  v i r t u a l l y  

n o n e x i s t e n t  w h e n  a p p r o p r i a t e  r a d i a ­

t i o n  h y g i e n e  p r a c t i c e s  a r e  I n  f o r c e .  1(219A u t h o r s  —Both at tlit University ol Texas Ilu lth  Science Center et S in  Antonio, Department Of Dental Diagnostic Science. Dr. Langlals it ■ professor and D r. Langtand a professor and head of the Radiology Division.
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Learning Ob jectives
After reading this article the reader should b : able to:
•  define and list the m axim um  perm issible dose for occupationally  

and nonoccupadonally exposed individuals.
•  list four sources o f naturally occurring background radiation.
• d iscuss the d o se  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.
•  d escribe h ow  co llim a tio n  a ffects p a tien t ex p o su re  to d en ta l 

x-radiation.

T a b le  1— A n n u a l M a x im u m  P erm issib le  R adiation  D o s e s 1

Occupationally exposed 5 ,000  mRcm (50  mSv)
(includes dental workers
w ho take x-rays)

Nonoccupationally exposed 500 mRem (5 mSv)
(the general public)

Kenneth Abmmovitch, DDS, MS  
Associate Professor

Lisa P. Thomas, RDH, DDS 
Clinical Assistant Professor

Section of Radiology 
Department of Oral Diagnostic 

Sciences 
Denial Branch
University of Texas Health Science 

Center al Houston 
Houston, Texas

N early  a cen tu ry  a fter its 
discovery in 1895, x-radia- 
tion remains a controver­

sia l d ia g n o stic  m o d a lity . It h as  
been associated w ith  several risks 
and side effects, som e o f which are 
difficu lt to substantiate. D esp ite  
the controversy, rad iography is a 
reliable and convenient diagnostic  
aid for the dental profession. This 
article will discuss relative risks as­
sociated w ith dental x-rays and the 
m echanism s availab le to red u ce  
those risks.

Rad iob io log ic Risks 
B io log ic Risks and  the 
M ax im um  Perm issible Dose

X-radiation is an ion iz in g  form  
o f e lec tro m a g n etic  rad ia tion . 
W hen absorbed in hum an tissues,

642 Compwid Contln Woe Dttit, Vo(. XIV, No. S

energy levels of this m agnitude al­
ter the electrostatic ch a rg es  and  
m olecu lar b o n d in g  o f  c o m p lex  
structural and regulatory proteins. 
Such changes can affect the basic  
conform ation of cytop lasm ic and  
nuclear organ elles. T h ese  a lter ­
ations increase the risk o f  perm a­
nent, demonstrable dam age to the 
tissues by slowing, accelerating, al­
tering, or stop p in g  their norm al 
biologic function.

Because of these risks, the Inter­
national Commission o f Radiologi­
cal Protection (ICRP) has defined a 
safety limit for tissue exp osu re to

ionizing radiation below  which the 
risks are considered m inim al. The 
sa fe ty  lim it is referred  to  as the  
m axim u m  p erm iss ib le  d o se  
(MPD). More specifically, this dose  
can be summarized as the am ount 
of radiation received chronically or 
acutely over a lifetim e, w h ich , in  
light o f present know ledge, is not 
exp ected  to ca u se  ap p reciab le  
body injury.1 The annual M PD val­
ues are listed in Table 1.

The MPD? for individuals work-
in
exposuM^jvhjch includes deniar 
personnel) is lfrHmcs higlrtftfatn

7 * ^  .• V y .7
£ «  c( c 4 \\oar \̂ >cxor r’/o
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fjl-tiie  general population (ie, non- 
occupationaf expOsurel.'Dccupa- 
Honajjy exposed personnel are as- 
s u m |d  to be wllHfcg to  accept a 
higher risk o f radiation exposure for 
the lifestyle attained by their em ­
ployment. Yet, if all radiation work­
ers w ere 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.

T he ICRP has a low er M PD for 
o ccu p a tio n a lly  ex p o sed  w om en  
w h o  are pregnant. They have the 
sam e M PD as the lay population. 
This is to protect the fetus, w hich  
should  not be considered occupa­
tionally exposed.

The ICRP has recently suggested  
lo w er in g  the M PD v a lu es  to 200 
m R e m (2 m S v )/y .1 T h is lim it is  
presently being review ed  by sev ­
eral organizations.

Env ironm enta l and 
D iagnostic Radiation

M PD values w ere estab lished  
because p eop le  are regularly ex­
posed to naturally occurring envi­
ronmental sources of ion izing ra­
d iation  (Table 2). C on seq uently , 
biologic system s are constantly ex­
posed to these sources of radiation, 
w hich m ust be considered w ithin  
the range o f tolerance. Radon and

its d ecay  products are 
th e  m ajor sou rces o f  
n a tu ra lly  occurring  
background radiation. 
Mote: the average whole- 
b o d y  ex p o su re  lim its  
are below  the MPD val­
u es  for occu p ation al 
an d  n on occu p ation a l 
Individuals.

/^ M e d ic a l  and dental 
d ia g n o stic  x-radiation  
exposures can also con­
tr ib u te  to the annual 
w hole-body exposures. 
H ow ever, these values 
are n o t con sid ered  in • 
M PD ca lcu la tion s'b e­
cause diagnostic x-rays-  
are assum ed to be berf-
eiicial to the li/e span of 
an individual. N ote the 
r e la tiv e ly  lo w  d o se  
equivalent for diagnos­
tic radiation compared  
to  the naturally occur­
r in g  so u rces o f back­
g ro u n d  radiation. The 
su m  o f all of these pro­
cedures remains below  
M PD values.

Tab le 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
Internal 39 0 .39

Artificial
Medical

*

X-ray diagnosis 39 0.39
Nuclear medicine 14 0 .14

Consumer products
%

10 0.1

Tab le 3— Critical Organs and Their 
Potential Risks

O rgan Risk
Skin Carcinoma
Bone Leukemia
Gonads Mutation
Eye lens Cataracts
Thyroid gland Carcinoma
Embryo/Fetus Congenital defects

Critica l Organs
Critical organs affected by d en ­

tal x-radiation are d efined  a s the 
tissues that, by virtue of their radi-

o se n s it iv lty  or p rox im ity  to  the  
dental beam , are possibly vulner­
able to pathologic or life-threaten­
ing sequelae.1 These critical organs 
and their potential risks are listed

r
Gingnritis shouldn't operate while you do...
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Tabic 4— Q u a lity -A ssu ra n ce  M e a su r es

• x-ray  eq u ip m en t te st in g  an d  m a in ten an ce

• good  radiographic technique (k*. film p lacem ent, reversed film , etc)
• u s in g  film  ho lders

• p roper expo su re p aram ete rs
• p roper film  h an d lin g  be fo re  a n d  a fte r e xp o su re

• p roper tim e/temperafaure film  p ro ce ssin g

• darkroom  m a in ten an ce  to  p reven t f ilm  fo g g in g  (le , ch ed d n g  for 
lig h t leaks, stem  tg film  a t  proper tem pera tu re , e tc )

in  Table 3. T he d ose  and risk con­
siderations for each of the critical 
organs are discussed separately.

Skin
D en ta l ex p o su res  for a fu ll 

m outh series o f x-rays vary consid­
era b ly , d e p e n d in g  on  the tech ­
nique used. The type of film speed, 
kiiovoltage, filtration, collimation, 
etc, all affect the am ount of expo­
su re. S ev era l do9im etry s tu d ie s  
h ave sh o w n  that a trend for d e­
creasing exposures is ev id en t4 Ac­
cording to current ICRP data, a full 
m outh x-ray series using 70 kV, D- 
speed film , and round collimation  
yields an average effective dose o f  
840 m R em s (8.4 m Sv).5 A  fu ll 
m ou th  x -ra y  ser ie s  p rocedu re  
taken w ith  D -sp eed  film , round  
collim ation, 80 to 90 kV, and a 16- 
inch long-cone focal distance, has a 
m axim um  cum ulative skin dose at 
a n y  o n e  s ite  o f  ap p rox im ately  
1,250 m R em  (12.5 mSv).6 The ap­
proxim ate sk in  dose from the in­
traoral exposure of one diagnostic- 
quality  radiographic im age w ith  
D -sp ee d  film  is 200 m R em s 
<2 mSv).4 Increased risk to the ear- 
Iiest type oTskin cancer is  not evi- 
d^TTBelowuioa^eyels^oT^OOO 
mKimjT(25Q>m Sv).8 K eep ing the 
proper risk perspective (according 
to th ese num bers), carcinoma in­
duction from dental radiographic 
exposures that are approxim ately  
1% to 5% o f  acute threshold doses 
seem s very low.

Bone Marrow
Leukemia induction is the major 

risk  a sso c ia ted  w ith  x-ray ex p o ­
sures o f b o n e m arrow. A pproxi­
mately 5% of the b o d /s  bone mar­
r o w  g e ts  e x p o se d  from  d en ta l 
rad iographic procedures. The bone 
m arrow  d o sa g e  ranges from 1 to 
3 inF em s (.01 to .03 mSv) for 1 ex­
p osure and  9 to 14 mRems (.09 to 
.14 cnSv) for a full m outh x-ray se­
r ies  6 W h o le -b o d y  ex p o su res  o f
5,000 m R em s (50 m Sv) are re­
ported to increase the risk of leuke-

6M  Cwnpertd Coo tin Siluc Own, Vot. XJV. No. 5

m ia induction. LLnus? sh o w ed  no  
sign ifican t increase in  leu k em ia  
risk from long-term (chronic) frac­
tio n a ted  d o ses  o f u p  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 
m ou th  x-ray ser ie s  is  a b o u t 0.5  
mRems (0.005 mSv).ft T im  dose can 
be reduced by 95% by using a lead 
apron. The average daily  gonadal 
radiation  exposure from  natural 
background radiation is 0.15 to 0 3  
m Rem s (.0015 to .003 m Sv).6 T he  
full mouth x-ray series gonad expo­
sure w ith  lead apron protection is 
about seven times less than the av­
erage daily gonadal exposure of the 
US population from background ra­
diation. At h igher e leva tion s (ie, 
Denver, Colo), these doses double  
because of the earth's proximity to 
the cosm ic sources o f background  
radiation.*1 Radiation d oses o f this 
low  m agnitude have very little ef­
fect on  the genetically significant 
d o se  o f the TJS population, ie, the 
dose o f radiation required to affect 
genetic mutation rates.

Eye Lens
Cataract formation is very  de­

bilitating and can eventually cause 
b lin d n ess. E xposures of greater  
than 200,000 m Rem s (2,000 mSv) 
axe required to Induce cataract for- 
mation.'' The standard full m outh  
x-ray series yields a lens dosage of

60 m R em s (0 .6  m Sv). A g a in , it  
seem s h igh ly  unlikely that dental 
ex p o su res, w h ich  are 0-0003% o f  
th e  th resh o ld , contribute to  th is  
problem . T hey do contribute to a 
cu m u la tive  d ose  for cataract for­
m a tio n . H o w ev er , fractionating  
the d o se  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 
T h e th yro id  ex p o su re  d u r in g  a 
stan d ard  fu ll m outh  x-ray ser ies  
is  a b o u t 23 m R em s (0 .23 m S v). 
Again, carcinoma induction from a 
dental x-ray beam is very unlikely. 
It is also significant to note that o f  
a ll th e n eo p la s ia s  a ffec tin g  h u ­
m an s, thyroid cancer has o n ly  a 
10% incidence o f mortality.10

H arm ful effects to the thyroid  
gland in children may be more sig­
nificant because grow ing children  
have m ore active m etabolic rates. 
The u se  o f  the lead thyroid collar  
dim inishes the exposure to a negli­
gible am ount

Embryo/Fetus
Dental x-ray exposure o f  preg­

nant patients is not recom m ended  
ex c ep t in an  acu te  em erg en cy  
w here the benefit o f the diagnostic 
information far exceeds the radia­
tion risk to the fetus. The National 
Council o f Radiation Protection and 
M easu rem en ts (N C R P) h as re­
ported that the production of con­
gen ital d efects is neglig ib le from  
gonadal exposures of 5,000 mRems
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(50 m Sv) or-less."  D anforth  and  
Gibbs''1 calculation of relative risks 
has show n that the chances of hav­
ing a first-generation defect from a 
dental x-ray exam ination  is 9 in I 
billion (le, 0-000,000,9% or 9.0 x 107%).

T h e  A L A R A  P r i n c i p l e

It is ev ident from  the preceding 
d iscussion  that risks o f long-term  
biologic dam age from dental x-ray 
exposures are extrem ely low.

H ow ever, it rem ains very diffi­
cult to scientifically docum ent the 
long-term  (30 to 50 years) cumula­
tive effects o f  law -d ose chronic ex­
posure. R ecently, it  w as reported  
that dental x-ray exposures m aybe  
causing h igh er incidences o f  sali­
vary gland  an d  brain tum ors.13-14 
T his risk  e s t im a te  w a s  based on  
several a ssu m p tio n s and  estim a­
tions o f the n u m b er o f d en ta l ra­
d iation  exp osu res and the type of 
equipm ent u sed  on  the patients in 
their past d en ta l treatm ent, ail of 
w h ich  are d ifficu lt to prove. Con­
sequently , a direct cause-effect re­
lationship  b etw een  previous den­
tal radiation exp osu re and  future 
canoei- could not be made.

R eg a rd less  o f  the accuracy of 
th e se  r isk  a sso c ia tio n s , rad io ­
b iologic d am age d o es occur from  
e x p o su r e  to  x -ra d ia tio n , b o  the  
A LA R A  (as lo w  as reason ab ly

achievable) princip le15 should  be 
followed. This principle recognizes 
that k now ledge of the cum ulative  
lon g-term  effects of exp osu re to 
lo w  levels  o f d iagnostic radiation  
m ay be m in im a l, b ut it still re ­
m ains a risk entity. Scientific data 
is not a va ilab le  that can d em o n ­
strate a threshold  radiation d ose  
below w hich  no harmful effect will 
ever occur. It Is therefore prudent 
that w e  a d h ere  to  th e ALARA  
principle, w hereby all d iagnostic  
radiographic procedures u se  the 
m axim um  am ount o f  d o se  reduc­
tion possible. This w ou ld  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 w ill have a profound effect on 
patient dose reduction.

Techniques for Reducing 
Radiation Exposure

The NCRP is a private organiza­
tion com posed  o f experts in  vari­
ous aspects o f radiation. T hey op­
erate under a congressional charter 
as an  advisory  grou p  that m akes 
recom m endations govern in g  the  
use o f x-radiation. it is the respon­
sibility o f each individual state to 
make its ow n rules and regulations

reg a rd in g  rad ia tion  ex p o su re  
based on these recom m endations.
The Texas R adiation Control Act, 
enforced by the Texas Department 
of Health, is based or\ m any o f the 
NCRP recom m endations. Som e o f  
these regulations w ill be alluded to 
In the follow ing discussion.

Beam C o llim ation  
Based t,'n i n  NCR P recom m en­

d a tio n , it is m a n d a ted  In m o st  
states that the d en ta l x-ray beam  
be no  larger than 7.0 cm  in d iam ­
eter (2.75 in ch es) a t the patien t's  
skin surface. M ost dental units are 
so ld  w ith  a 2 .75-inch , lead -lin ed  
cylindrical co n e  (ie, BID or beam  
in d ica tin g  d e v ic e )  c o llim a tio n .  
H o w e v e r , sm a ller  recta n g u la r­
shaped  collim ators are a lso  avail­
able that further restrict the size o f  
the beam . T his kind o f  enhanced  
collim ation can reduce the scatter 
radiation b y  45% to 95%, dep en d ­
ing on  the site  in  question.* Scatter 
radiation is so  dramatically dim in­
ished that the gonadal scatter from  
a 20-expos lire full m outh x-ray se ­
ries w ith  rectangular collimation Is 
the sam e as the scatter from 4 bite- 
w ing exposures w ith the s ize  2.75- 
Lnch-diameter, round collimation.4 
A n earlier  s tu d y 14 sh o w e d  that 
rectangular co llim ation  reduced  
the b o n e  m a rro w  d o s e  by 60%.

':i>i ■ ‘ .* *. •’**' * • »* H.‘—1‘.’ • /in,-*'--
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W ood et a I’7 w ent so  far as to rec- 
( om m end tliat the scatter to the go ­

nads is so m inim al with rectangu­
lar collimation that a lead apron is 
not needed when rectangular colli­
m ators are u sed . U s in g  the 
sm aller-size beam  from rectangu­
lar collim ation m ay be m ore tech­
n ica lly  d e m a n d in g , b u t Parks'9 
concluded that radiography w ith  
rectangular collim ation is no more 
difficult a technical skill for novice 
d en ta l h y g ien e  stu d en ts to learn 
than d en ta l ra d io g ra p h y  w ith  
round collimation.

MFilm Speed
E-speed film  is the fastest, most 

sensitive, com m ercially available  
film  sp eed . T his film  sp eed  re­
duces dental radiation exposures  
by up  to 50% w h en  com pared  
with D -speed film ”  These are the 
o n ly  tw o  film  sp e e d s  ava ilab le  
commercially for lntraoral radiog­
raphy. Exposure parameters for di­
agnostic dental films deliver a skin 
en trance d o sa g e  o f 100 to 200

f  m R em s (1 to  2 m S v ) /  T he su g -
V  ■' gested  exposure lim it set by N a ­

tional Evaluation o f X-Ray Trends 
(NEXT) is 400 m R em s (4 m Sv), 
w hich  is a v ery  len ien t lim it. A l­
th ou gh  im ages o n  E -sp eed  film  
have less contrast than regular D- 
sp eed lllm  Images, there is no loss 
o f diagnostic detail for caries and  
periodontal evaluations and end­
odontic procedures.21̂22

The American A cadem y o f Oral 
and  M axillo facia l R a d io lo g y  
strongly recommends that the den­
tal profession use E-speed Instead 
o f  the s lo w er  D -sp eed  film . E- 
sp ced  film  red u ces  ex p o su re  to  
both the patien t and  operator by  
redu cin g  the n um ber o f retakes  
necessary as a result o f  patient or 
machine m ovem ent23

Constant Po ten tia l X -Ray 
Generators

In the last 10 years, several new  
dental units have becom e available 
that produce x -rad la tion  w ith  a
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stead ier  stream  o f h ig h er  k ilo -  
voltage x-ray photons. Because the 
x-ray beam from this m achine has 
a greater proportion  o f  h ig h -  
energy photons, shorter exposure  
cy c les  can be u sed . In a d d itio n ,  
fewer o f the low er k ilovoltage (ie, 
low er energy) x-ray p h o to n s are 
produced. Tire low er energy x-ray 
photons are those in the beam  that 
are too low  in energy to contribute 
to the x-ray image, but are o f su ffi­
c ien t en ergy to contribute to the  
patient's radiation dose. Constant 
p oten tia l dental x-ray m a ch in es  
can reduce radiation d ose by up  to  
30%. Infcrex®'*, Castle® HDX**, and  
Heliodent®-* M D are exam p les o f  
com m ercially available m achines  
with this capacity. The on ly  draw ­
back to these units is that they are 
m ore expensive, costing approxi­
mately twice the amount of a regu­
lar d en ta l unit. F ortun ately , the  
price is not a major deterrent for  
m any dental offices.

High-Energy Beams 
Com m ercially available dental 

units range in their kilovoltage ca­
pacity from 60 to 100 kV. Machines 
w ith higher range k ilovoltage p o­
ten tia ls, ie, 80 to 90 k ilo v o lta g e , 
have larger generators w ith  clin i­
ca lly  larger tube h ead s. T h ese  
larger units also have a higher pur­
ch ase  price. H o w ev er , h ig h e r  
kilovoltage beams w ith the appro­
priate filtration and increased focal 
distances (16 Inches) reduce the ra­
d iation  fxp osu re to the patien t.2' 
Higher kilovoltage beams produce  
lo n g  sca le contrast im a g es w ith  
m any shades of gray that d em o n ­
strate more information on tissue  
density. This is extrem ely helpfu l 
for the early detection of caries and  
crestal bone changes in periodon­
tal d isea se . H igher k ilo v o lta g e

* K E Y S T O N E  X - R A Y ,  I n c ,  D e n t a l  D I v .  
N e p t u n e ,  N J  077 5 3

B MDT Diagnostic Co, North Charleston, 
SC 24411
* Pclton i t Crane, A Siemens Co. Char­
lotte, NC 28224

beam s are a lso  better for produc­
ing images for skull cephalometry.

Filtration
Filtration rem oves low -en ergy  

x-ray p h o to n s  from  the x-ray  
beam. The low  energy photons do  
not contribute to the image but still 
affect the radiation d o se . R adio- 
grap h ic u n its are m anufactured  
with built-in filtration, w hich is de­
pendent on  the tube voltage. The  
greater the tube voltage the m ore 
the filtration. A dding extra filters 
m ade with rare earth m etals to the 
x-ray unit has been sh o w n  to re- 
duce radiation from 25% to 71%.M 
A dded filtration with niobium  de­
creases radiation exposure by  up  
to 47%.26 In each study, diagnostic  
im ages w ere produced with mini­
m al lo ss  o f im age in fo rm a tio n . 
However, the benefits of a M ed fil­
tration have yet to be determ ined  
because use of added filtration also 
increases the exp osu re tim e, and  
hence, the tube load.

Lead Aprons
Lead aprons are g en era lly  re­

quired for all patients exp osed  to  
dental radiation. For example, It is a 
regulation of the Texas State Board 
o f  D ental E xam iners (C h ap ter  
U 3.2) that all patients w ear a lead  
apron during d irect ex p o su re  to 
dental radiation. Scatter radiation to 
the thoracic, abdom inal, and g o ­
nadal areas Is reduced by up to 94% 
with a lead apron.27 The apron also 
lias a positive psychological or com­
forting effect on the patient

Thyroid collars similarly reduce 
radiation exposure to the th3Toid  
gland. These collars are liighly rec­
om m ended, provided they d o  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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