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INTRODUCTION 

Mathematical  r e p r e s e n t a t i o n s  of humans one y e a r ,  f i v e  y e a r s ,  and 

twenty y e a r s  ( a d u l t )  of age have been modi f ied  and are d i s c u s s e d  i n  

d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s .  These modif icat i .ons i n c l u d e  t h e  

a d d i t i o n  of a mandible and s a l i v a r y  g lands  i n  t h e  head s e c t i o n  and t h e  

i n c l u s i o n  of t h e  g a l l  b l a d d e r  t o  t h e  t r u n k  r e g i o n .  O r i g i n a l l y ,  t h e s e  

phantoms c o n s i s t e d  of 22 i n t e r n a l  o rgans ,  a s k e l e t a l  system c o n s i s t i n g  

of t e n  i n d i v i d u a l  s e c t i o n s  and t h e  lungs  as r e p o r t e d  i n  ORNL-TM-5293 

for t h e  one y e a r  and f i v e  y e a r  o l d  phantoms and M I R D  Pamphlet # 5  f o r  

t h e  a d u l t .  These changes were i n c o r p o r a t e d  i n t o  t h e  newborn phantom 

dur ing  i t s  des ign  which are r e p o r t e d  i n  ORNL-TM-5453 and hence a r e  not  

i nc luded  i n  t h i s  r e p o r t .  

These mathemat ica l  phantoms a r e  undergoing cont inuous  re f inement  

i n  r e sponse  t o  t h e i r  i n c r e a s i n g  u s e f u l n e s s  i n  absorbed dose  c a l c u l a t i o n s  

for b o t h  e x t e r n a l  and i n t e r n a l  emitters and x-ray procedures .  The 

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

l i v e r  i s  u s e f u l  because  t h i s  organ i s  s t u d i e d  by bo th  d i a g n o s t i c  x-ray 

and n u c l e a r  medicine procedures .  C e r t a i n  r ad iopha rmaceu t i ca l s  concen- 

t r a t e  i n  t h e  g a l l  b l a d d e r  and t echn iques  a r e  needed t o  c a l c u l a t e  t h e  

absorbed dose t o  t h e  g a l l  b l a d d e r  w a l l  ( F i g .  1). 

The head s e c t i o n s  a r e  modi f ied  t o  i n c l u d e  t h e  f a c i a l  bones--a 

mandible and maxilla--and w i l l  be  r e f e r r e d  t o  as t h e  mandible f o r  

s i m p l i c i t y .  I n  t h e  p a s t ,  t h e  s k u l l  w a s  des igned  t o  be  t h i c k e r  a t  i t s  
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base  t o  compensate f o r  t h e  absence  o f  t h e  s k e l e t a l  mass o f  t h e  mandible.  

T h i s  p rec luded  t h e  a b i l i t y  o f  performing d e n t a l  dos imet ry  c a l c u l a t i o n s .  

The s k u l l  (cranium) i s  redes igned  t o  a s h e r o d i a l  s h e l l  of c o n s t a n t  

t h i c k n e s s  where t h e  o u t e r  sphe ro id  ma in ta ins  n e a r l y  t h e  same mathematical  

d e s c r i p t i o n  as t h e  upper  hemisphero ida l  geometry as b e f o r e .  The added 

mandible  i s  m a s k - l i k e  i n  shape  be ing  p l aced  i n  t h e  f r o n t  lower s e c t i o n  

o f  t h e  head and wi th  r a d i i  s l i g h t l y  less than  t h a t  o f  t h e  e l l i p t i c a l  

shape o f  t h e  head i n  o r d e r  t o  accommodate t h e  p a r o t i d  s a l i v a r y  g l ands  

(F ig .  2 ) .  The submax i l l a ry  and s u b l i n g u a l  s a l i v a r y  g l ands  a r e  p laced  

i n  t h e  a p p r o p r i a t e  p o s i t i o n s  proximal  t o  t h e  mandible  wi th  t h e  t h y r o i d  

g land  b e i n g  moved s l i g h t l y  back towards t h e  cen ter  of t h e  lower head 

s e c t i o n  and i n  a more n a t u r a l  p o s i t i o n .  With t h e s e  head s e c t i o n  

m o d i f i c a t i o n s ,  absorbed doses  t o  t h e  mandible  and s a l i v a r y  g l ands  can 

be c a l c u l a t e d  f o r  x - r a y s .  The s a l i v a r y  g l a n d s  a r e  o f  i n t e r e s t  because 

of  t h e  m a n i f e s t a t i o n s  of cancers i n  t h e s e  g l ands  which have been 

a t t r i b u t e d  t o  x-ray exposures .  

Data f o r  g a l l  b l a d d e r  mandible ,  and s a l i v a r y  gland shapes ,  sizes 

and we igh t s  were ob ta ined  from t h e  ICKP T a s k  Group Report  on Reference 

y 3  The remaining s e c t i o n s  d e s c r i b e ,  blan and ana tomica l  r e f e r e n c e s .  

ma themat i ca l ly ,  t h e s e  changes t o  t h e  one  y e a r ,  f i v e  year ,  and twenty 

y e a r - o l d  phantoms r e s p e c t i v e l y .  

1 

?IODIFICATION OF THE ONE YEAR-OLD PHANTOM 

Modi f i ca t ion  of t h e  head s e c t i o n  and t h e  a d d i t i o n  of two neh 

o rgans - sa l iva ry  g l a n d s  and g a l l  b l adde r - to  t h e  one yea r -o ld  phantom 

a r e  d e s c r i b e d  below. 
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Mandible.  The mandible  i s  a p o r t i o n  of t h e  volume between two 

c o n c e n t r i c  e l l i p t i c a l  c y l i n d e r s .  The upper  rear p o r t i o n  of t h e s e  

c y l i n d e r s  i n t e r s e c t  t h e  cranium and b r a i n ,  and t h i s  volume i s  s u b t r a c t e d  

o f f .  The mandible  i s  d e s c r i b e d  by 

Y L O  - 

34.5  5 Z 5 42.3  - -  

and 

The t o t a l  volume of t h e  mandible  i s  196.71 cm3, and t h e  mass i s  135.4 g .  

Cranium. The cranium i s  t h e  volume between two c o n c e n t r i c  

e l  l i p s o i d s  d e f i n e d  by 

3 
The t o t a l  volume o f  t h e  cranium is 393.5 cm , and t h e  mass i s  550.8 g .  

The t o t a l  volume o f  t h e  s k e l e t a l  p a r t s  o f  t h e  head s e c t i o n  is  

490.16 cm , and t h e  mass i s  686.22 g .  3 
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Brain.  The b r a i n  i s  an e l l i p s o i d  g iven  by  

3 and t h e  volume i s  965 cm , arid t h e  mass i s  993 g .  

Thyroid.  The l o b e s  o f  t h e  t h y r o i d  l i e  between two c o n c e n t r i c  

c y l i n d e r s  and a r e  formed by  a c u t t i n g  s u r f a c e .  The e x p r e s s i o n s  f o r  

t h i s  organ a re  

X' + ( Y  + 2 .8 )  2 5 ( 1 . 6 ) 2  
- 

2 X 2  + ( Y  + 2.8)2 -_ ( 1 . 4 )  

Y + 2 . 8  5 0 

32 5 _. Z L  - 35.6 

- 

2 2 2  
- 2 [ X 2  + (Y + 2.8)  ] T  [ ( Y  + 2 .8 )  - ( X I ]  , 

i n  which 

T = - 5 (fi - 2 j ( Z  - 32) + 1 f o r  0 5 Z - 32 5 -  9 
-- 10 .. 9 

The volume i s  2 . 2 6  cm3 and t h e  mass i s  2.38 g.  

S a l i v a r y  Glands.  The s a l i v a r y  g l a n d s  c o n s i s t  of t h r e e  p a i r s  of  

g l a n d s  l o c a t e d  proximal t o  t h e  mandible w i t h i n  t h e  head s e c t i o n .  These 

t h r e e  p a i r s  of g lands  are d e s c r i b e d  below: 

- P a r o t i d  Glands.  These g l a n d s  are t r i a n g u l a r  shaped and l i e  

between t h e  s k i n  and mandible on t h e  r i g h t  and l e f t  s i d e s  of t h e  head. 
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T h e i r  volumes a re  d e s c r i b e d  by s e c t i o n s  of  two c o n c e n t r i c  e l l i p t i c a l  

c y l i n d e r s  c u t  by an e l l i p t i c a l  s u r f a c e  i n  t h e  Y - Z  p l a n e .  These p a r o t i d  

g l a n d s  a r e  g iven  by t h e  e q u a t i o n s  

- 2 . 6  Y 5 0 _- - 

34.9 5 Z 5 3 8 , s  _ -  

3 The t o t a l  volume o f  p a r o t i d  g l a n d s  i s  14.7 cm and t h e  mass i s  1 5 . 3  g .  

-Submaxil lary Glands.  These g l a n d s  a r e  e l l i p t i c a l  d i s k s  which a r e  

l o c a t e d  immediately below and towards t h e  f r o n t  p a r t  o f  t h e  mandible .  

They l i e  symmetr ic , t l ly  on t h e  r i g h t  and l e f t  s i d e s  o f  X-axis .  They a r e  

d e s c r i b e d  a s  : 

X - 3.612 + [ Y  + "."I2 = < [ 1.1 1 . 2  

and 

3 3 . 5  5 z 5 3 4 . 3  ; _ -  

3 t h e  volume o f  both  s u b m a x i l l a r y  g l a n d s  i s  6.63 cm , and t h e  mass i s  6 . 9  g .  

-Subl ingual  Glands.  These g lands  a r e  e l l i p t i c a l  d i s k s  and a r e  

l o c a t e d  i n t e r i o r  t o  and n e a r  t h e  bottom of  t h e  mandible .  They  l i e  
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s y m m e t r i c a l l y  on t h e  l e f t  and r i g h t  s i d e s  o f  t h e  X-axis.  They a r e  

given by : 

x - 1 . 2 1 2  + I' + 4.712 - < [ ' 0 . 3  1 . 4  - 

and 

35.65 5 Z 5 3 6 . 3 5 .  _ _  

The volume of  b o t h  s u b l i n g u a l  g lands  i s  1.84 cm3 and t h e  mass i s  1.93 g .  

Gal l  Bladder .  The g a l l  b ladder  i s  d e f i n e d  by t h e  f r u s t r u m  o f  a - 
cone capped wi th  a hemisphere.  A r o t a t i o n  and t r a n s l a t i o n  are  then  

e f f e c t e d .  The g a l l  b l a d d e r  i s  r e p r e s e n t e d  by 

X1 = 0.8516(X - 0.1)  + 0.4226(Y + 1.8)  - 0.3099(2 - 12.7)  

y l  -0.39?1(X - 0.1)  + 0.9063(Y + 1.8)  + 0.1445(z - 12.7)  

Z 1  0.342(X - 0 . 1 )  + 0 . 9 3 9 6 ( Z  - 12.7) 

2 XT + Y: + Z2 < (1 .3)  1 -  

2 2 1.1 2 x1 + Y < ( 1 . 3  - - z ) 1 =  2 . 6  1 

2 2 1.1 2 
1 2 . 6  1 X + Y 1 2 ( l . 2 - - Z )  . 
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3 The volume i s  2 . 1  cm , and t h e  mass i s  2.16 g .  The c o n t e n t s  have a 

3 volume of  7 .9  cm and a mass o f  8 .1  g .  T h i s  r e p r e s e n t s  a moderately 

f u l l  g a l l  b l a d d e r .  

MODIFICATION OF THE F I V E  YEAR-OLD PHANTOM 

M o d i f i c a t i o n  of  t h e  head s e c t i o n  and t h e  a d d i t i o n  o f  two new organs-  

s a l i v a r y  g l a n d s  and g a l l  b ladder - to  t h e  f i v e  y e a r - o l d  phantom a r e  

d e s c r i b e d  below: 

Mandible.  The mandible  i s  a p o r t i o n  o f  t h e  volume between two 

c o n c e n t r i c  e l l i p t i c a l  c y l i n d e r s .  The upper  r e a r  p o r t i o n  of t h e s e  

c y l i n d e r s  i n t e r s e c t  t h e  cranium and b r a i n  and t h i s  volume i s  s u b t r a c t e d  

o f f .  The mandible i s  d e s c r i b e d  by:  

2 2 [A] + [A] z 1  

and 

The t o t a l  volume of  t h e  mandible  i s  136.4 cm3, and t h e  mass i s  190.9 g .  

Cranium. The cranium i s  t h e  volume between two c o n c e n t r i c  

e l l i p s o i d s  d e f i n e d  by 
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2 x \ 2  Z - 54.6  
[ZXJ + [&I2 + [ 6 . 5  ] 2 ’  * 

The t o t a l  volume of  t h e  cranium i s  399.3 cm3, and t h e  mass i s  559 g .  

The t o t a l  volume of t h e  s k e l e t a l  p a r t s  o f  t h e  head s e c t i o n  i s  

3 535.76 cm , and t h e  mass i s  750 g .  

Brain.  The b r a i n  i s  an e l l i p s o i d  g iven  by 

3 and t h e  volume i s  1146 cm , and t h e  mass i s  1179 g .  

Thyroid.  The l o b e s  o f  t h e  t h y r o i d  l i e  between two c o n c e n t r i c  

c y l i n d e r s  and a r e  formed by a c u t t i n g  s u r f a c e .  

organ are  

The e x p r e s s i o n s  f o r  t h i s  

2 X 2  + (Y  + 3.3)’ 2 - (1 .6)  

i n  which 

10 
2 1  T = - (fi - 2)(Z - 4 2 )  + 1 f o r  0 5 Z - 42 5 1 . 0 5  - - 
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and 

- f o r  1.05 5 - Z - 42 5. - 4.2 . 3 ( 2  - & ) ( Z  - 42) + 10 
63 

T = -  

The volume i s  4.62  cm3 and t h e  mass i s  4.85 g.  

S a l i v a r y  Glands.  The s a l i v a r y  g l ands  c o n s i s t  o f  t h r e e  p a i r s  o f  

g l ands  l o c a t e d  proximal  t o  t h e  mandible  w i t h i n  t h e  head s e c t i o n .  These 

t h r e e  p a i r s  o f  g l ands  are  d e s c r i b e d  below. 

- P a r o t i d  Glands.  These g l a n d s  are  t r i a n g u l a r  shaped and l i e  between 

t h e  s k i n  and mandible  on t h e  r i g h t  and l e f t  s i d e s  of t h e  head.  T h e i r  

volumes are  d e s c r i b e d  by s e c t i o n s  o f  two c o n c e n t r i c  e l l i p t i c a l  c y l i n d e r s  

c u t  by an e l l i p t i c a l  s u r f a c e  i n  t h e  Y - Z  p l a n e .  These p a r o t i d  g l ands  a r e  

g iven  by t h e  e q u a t i o n s :  

- 3 . 2  <. Y 5 0 

45.4 5 z 5 49.8 

-- - 

_ _  

The to t . a l  volume o f  t h e  p a r o t i d  g l ands  i s  2 2 . 1  c m 3  and t h e  mass i s  23 g .  

-Submaxi l la ry  Glands.  These g l ands  a r e  e l l i p t i c a l  d i s k s  which a r e  

l o c a t e d  immediately below and towards t h e  f r o n t  p a r t  o f  t h e  mandib le .  



1 2  

They l i e  symmet r i ca l ly  on t h e  r i g h t  and l e f t  s i d e s  o f  t h e  X-axis .  They 

are d e s c r i b e d  a s :  

and 

44 .1  5 z 44 .9  . - -  

The volume o f  b o t h  submax i l l a ry  g l ands  i s  7.18 c m 3 ,  and t h e  mass i s  7 . 5  g .  

-Subl ingual  Glands.  These g l ands  a r e  e l l i p t i c a l  d i s k s  and a r e  

l o c a t e d  i n t e r i o r  t o  and n e a r  t h e  bottom of t h e  mandible .  They l i e  

symmet r i ca l ly  on t h e  l e f t  and r i g h t  s i d e s  o f  t h e  X-axis .  They are  g iven  

by : 

X - 1 . 3 j 2  + [Y + 5.11- 7 < 
- - [ 0.4  1 .6  

and 

46.3 5 Z 47 . _ -  

The volume o f  bo th  s u b l i n g u a l  g l ands  is  2.81 cm3 and t h e  mass i s  2.95 g .  

Gall  Bladder .  The g a l l  b l a d d e r  i s  d e f i n e d  by t h e  f r u s t r u m  o f  a 

cone capped wi th  a hemisphere.  

e f f e c t e d .  The g a l l  b l a d d e r  i s  r e p r e s e n t e d  by 

A r o t a t i o n  and t r a n s l a t i o n  a re  t h e n  

XI = 
0.8516(X + 0.3)  + 0.4226(Y + 2.3)  - 0.3099(2  - 17.5) 

Y1 = -0.3971(X + 0.3)  + 0.9063(Y + 2 . 3 )  + 0.1445(2 - 17.5)  

Z1 = 0.342(X + 0 . 3 )  +. 0.9336(2 - 17.5)  
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i f  Z1 < 0 

1 =  

2 > ( 1 . 7 )  

i f  0 5 Z1 5 2.6 - 

2 
X: + Y 2  1 =  < (1.8 - 0.31 Z1) 

* + y 2  (1.7 - 0.31 Z1) 2 . 1 I =  x 

3 The volume i s  4.98 cm , and t h e  mass i s  5.13 g .  The c o n t e n t s  have a 

volume o f  26.87 cm3 and a mass of 27.56 g .  

f u l l  g a l l  b l a d d e r .  

T h i s  r e p r e s e n t s  a moderately 

MODIFICATION OF THE ADULT PHANTOM 

M o d i f i c a t i o n  o f  t h e  head s e c t i o n  and t h e  a d d i t i o n  o f  two new organs-  

s a l i v a r y  g l a n d s  and g a l l  b ladder - to  t h e  a d u l t  phantom a r e  d e s c r i b e d  

below. 

Mandible. The mandible  i s  a p o r t i o n  of t h e  volume between two 

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

c y l i n d e r s  i n t e r s e c t  t h e  cranium and b r a i n  and t h i s  volume i s  s u b t r a c t e d  

o f f .  The mandible i s  d e s c r i b e d  by: 

The upper  r e a r  p o r t i o n  o f  t h e s e  



1 4  

and 

The t o t a l  volume o f  t h e  rrandible  i s  162.4 cm3y and t h e  mass is  227.4 g .  

Cranium. The cranium i s  t h e  volume between two c o n c e n t r i c  

e l l i p s o i d s  d e f i n e d  by 

3 The t o t a l  volume o f  t h e  cranium i s  608 cm and t h e  mass i.s 952 g .  

Brain.  The b r a i n  i s  an e l l i p s o i d  g iven  by 

and t h e  volume is  1469.28 cm3y and t h e  mass i s  1450.29 g .  

Thyroid.  The lobes  of t h e  t h y r o i d  l i e  between two c o n c e n t r i c  

c y l i n d e r s  and are  formed by a c u t t i n g  s u r f a c e .  

o rgan  a r e  

The e x p r e s s i o n s  f o r  t h i s  
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2 x2 + (Y + 4 p  - 1. (2.2) 

x2 + ( Y  + 4 ) 2  - l 2  

2 2  [(Y + 4 )  - J X 1 I 2  L - 2[X2 + u + 4)  1-r 
i n  which 

5 
- 2, (2  - 70) + 1 f o r  0 Z - 70 - - 4  - 5 T =  

i n  which 

The volume i s  19.89 cm3 and t h e  mass i s  19.63 g .  

S a l i v a r y  Glands.  - The s a l i v a r y  g l a n d s  c o n s i s t  of  t h r e e  p a i r s  o f  

g l a n d s  l o c a t e d  proximal  t o  t h e  mandible  w i t h i n  t h e  head s e c t i o n .  These 

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

- P a r o t i d  Glands.  These g l a n d s  are  t r i a n g u l a r  shaped and l i e  between 

t h e  s k i n  and mandible  on t h e  r i g h t  and l e f t  s i d e s  o f  t h e  head. 

volumes are  d e s c r i b e d  by s e c t i o n s  o f  two c o n c e n t r i c  e l l i p t i c a l  c y l i n d e r s  

c u t  by an e l l i p t i c a l  s u r f a c e  i n  t h e  Y - Z  p l a n e .  ‘These p a r o t i d  g l a n d s  a r e  

T h e i r  

g iven  by :  

( Y  + 4.”’ + [ Z  8 2 j 2  - - < 
( 4 . 5  
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5.7 9.8)  = 

6.8  

The t o t a l  volume of p a r o t i d  g l a n d s  i s  46 .65  cm3 and t h e  mass i s  4 8 . 5  g .  

-Submaxil lary Glands.  These g l a n d s  are  e l l i p t i c a l  d i s k s  which a r e  

l o c a t e d  immediately below and towards t h e  f r o n t  p a r t  of t h e  mandib le .  

They l i e  symmetrica l y  on t h e  r i g h t  and l e f t  s i d e s  of  X-axis .  

d e s c r i b e d  a s  

They are  

and 

7 4 . 1  5 Z 5 75.4 ; __ - 

3 t h e  volume of b o t h  submax i l l a ry  g l a n d s  i s  21.44 cm , and t h e  mass i s  

22.38 g .  

-Sub l ingua l  Glands.  These g l a n d s  a re  e l l i p t i c a l  d i s k s  and l o c a t e d  

i n t e r i o r  t o  and n e a r  t h e  bottom of t h e  mandible.  

on t h e  l e f t  and r i g h t  s i d e s  o f  t h e  X-axis .  They are g iven  by 

They l i e  symmetr ical ly  

2 2 
+ 5 5  < ]  x - 1 4  [?.e] + [’ 2 - ] = 

and 
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The volume o f  b o t h  s u b l i n g u a l  g l a n d s  i s  6.28 cm3 and t h e  mass i s  6.58 g .  

Gall Bladder .  The g a l l  b l a d d e r  i s  d e f i n e d  by t h e  f r u s t r u m  o f  a cone 

capped w i t h  a hemisphere.  A r o t a t i o n  and t r a n s l a t i o n  a r e  t h e n  e f f e c t e d .  

The g a l l  b l a d d e r  i s  r e p r e s e n t e d  by 

X1 = 
0.64085(X + 3) + 0.4226(Y + 3)  - 0.6408(2 - 32.2) 

Y1 = -0.2988(X + 3) + 0.9063(Y + 3) + 0.29SS(Z - 32.2) 

Z1 = 
0.7071(X + 3 )  + 0.7071(2 - 32.2) 

i f Z < O  

x2  1 + Y; + z 2  1 =  < (2 .12)*  

2 + z2 1 =  > (2 .0)  2 x1 + y1 

2 
X: + Y 2  < (2.12 - 0.2275 Z1) 1 =  

2 x2 + y 2  > ( 2  - 0.225 Z1> . 
1 1 =  

The volume i s  9.74 cm3, and t h e  mass i s  9.61 g .  

volume of 54 cm3 and a mass o f  53.3 g .  

f u l l  g a l l  b l a d d e r .  

The c o n t e n t s  have a 

T h i s  r e p r e s e n t s  a moderately 
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