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T h e  surfaces  of t h e  faces of t he  e lec t rodes  which  are  in 
c o n t a c t  wi th  t he  l iquid  dielectr ic  should  be co r ruga t ed  
for t he  best  results.  The  tool  of a shape r  can  easi ly m a k e  
such  co r ruga t ions  if a ~ourse feed is used. A sa t i s f ac to ry  
spacing be tween  r idges on the  co r ruga t ed  surface  is one-  
s i x t een th  of an  inch.  Also, o t h e r  spacings  of o n e - t h i r t y  
second and  one-e igh th  of an inch  b e t w e e n  the  r idges on 
the  e lect r ica l  sur face  h a v e  been  s tud ied  and  found  to  
give the  shif t  p h e n o m e n o n .  H o w e v e r ,  i t  has  been found 
t h a t  a mechan i ca l l y  s m o o t h  e lec t rode  sur face  (electri-  
cal ly  c o n d u c t i n g  glass) can  also b r ing  a b o u t  a shift .  The  
degree of shi f t  w i th  t he  s m o o t h  surface  is n o t  as pro-  
nounced  for a g iven  l iqu id  d ie lec t r ic  as w i th  a r o u g h e n e d  
surface.  
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Topview of Electro-optical Shift Apparatus. I Source of white light 
producing beam I mm in diameter; 2 liquid dielectric in space be- 
tween electrodes; 3 and 4 electrodes; $ glass container; 6 5000 volt 
source ac or de; 7 path of light beam in absence of field; 8 path of 

light beam with field applied. 

A b e a m  of whi te  l igh t  1 m m  in d i a m e t e r  is passed 
th rough  the  l iquid  dfelectr ic  and  a long  the  face of t he  
co r ruga ted  e lect rode.  The  p a t h  of t h e  l igh t  is paraIIet  to  
the  e lec t rode  surface  and pe rpend icu l a r  to  the  shaper  
toot marks .  I t  should  j u s t  c o n t a c t  t h e  r idges of t he  
cor ruga ted  surface  as i t  passes a long  the  e lectrode.  Also, 
the  p a t h  of t h e  l ight  b e a m  is pe rpend i cu l a r  to t he  direc-  
t ion of t he  e lect r ica l  field. The  d i s t ance  of l iquid  t ra -  
versed  is a p p r o x i m a t e l y  4 cm. As far  as is known  at  t he  
p re sen t  t ime,  th is  d i s t ance  is no t  cr i t ical .  T h e  s t r e n g t h  
of the  electr ical  field used across t he  5 m m  spacing is of 
t h e  order  of 1000 vo l t s  pe r  mi l l imeter .  T h e  field can  be  
e i the r  d i rec t  cu r ren t  or  a l t e r n a t i n g  current .  I n  add i t i on  
to t he  whi te  l ight,  W r a t t e n  f i l ters  of 425, 525 and 650 
mi l l imicrons  were  used. The  l igh t  in all  t h ree  cases was 
shi f ted  as would  be expec ted .  

W i t h  t h e  l igh t  b e a m  pass ing  a long t h e  e lec t rode  as 
descr ibed  above,  t he  l igh t  b e a m  will  be sh i f ted  f rom its 
or iginal  p a t h  when  an electr ical  field is impressed  across 
t he  electrodes.  A shif t  of the  l igh t  b e a m  a p p r o x i m a t e l y  
one degree has been  recorded  wi th  some l iquids.  The  shif t  
is a lways  a w a y  f rom the  e lec t rode  surface.  

I n  t he  p r e l i m i n a r y  s t u d y  on the  e lec t ro-opt ica l  shif t  
p h e n o m e n o n ,  severa l  o rgan ic  l iquids  h a v e  been  t e s t ed  in 

t he  cell. Typ i ca l  l iquids  which h a v e  been t e s t ed  and 
found  to  g ive  the  shif t  are  : e thy l  ace ta te ,  abso lu te  e thyl  
alcohol,  abso lu te  m e t h y l  alcohol ,  s econda ry  b u t y l  alcohol,  
t e r t i a r y  a m y l  alcohol,  ca rbon  disulfide,  n i t robenzene ,  
ch loroform,  and p- to ly l  ace ta te .  I t  is i m p o r t a n t  t h a t  the  
l iquids  used should  be of  a h igh  degree  of pu r i t y .  

S tudies  are  stil l  too  f r a g m e n t a r y  to  s t a t e  conc lus ive ly  
t h e  cause  of th is  e lec t ro -op t ica l  shift ,  b u t  i t  appea r s  t h a t  
the  shif t  of t he  l ight  b e a m  is due  to t he  molecu la r  as- 
socia t ions  in t he  l iqu id  die lect r ic  c o n c e n t r a t i n g  and 
o r i en t ing  in t h e  e lect r ica l  field of h ighes t  g r ad i en t  thus  
changing  the  r e f r ac t ive  index  of t he  l iquid  a t  the  elec- 
t r ode  surface.  

Resea rch  is con t inu ing  in our  l a b o r a t o r y  on the  ex- 
p e r i m e n t a l  and  t heo re t i c a l  i n t e r p r e t a t i o n  of this  
p h e n o m e n o n .  

G. H ,  BROWN, J. F .  DREYER, t{.  1~. LU- 
BOV:ITZ, and W. H. H.  MIDDENDORF 

Department o/ Chemistry and Electrical Engineering, 
University o~ Cincinnati, Cincinnati 21, Ohio, September 
5, 1955. 

Zusammen/assung 

E r z e u g t  m a n  in e inem fltissigen D ie l ek t r i kum,  wie 
wasser f re iem * t h a n o l ,  Schwefe lkohlens tof f ,  p -Toly l -  
a ze t a t  oder  Ni t robenzo l ,  zwischen spezielI ges t a l t e t en  
E l e k t r o d e n  ein e lekt r i sches  Fe ld  von  e t w a  l0  000 V/era, 
so wi rd  ein L ich t s t r ah l ,  de r  die im Fe ld  bef ind l iehen  
Tei le  der  Flf issigkei t  durchse tz t ,  gek r f immt .  Die Ab- 
l enkung  des S t rah ls  aus  der  ge raden  R i c h t u n g  betrXgt  
in m a n c h e n  FAllen 1% 

Variations in the Calcification of Cementum and 
Dentin as Seen by the Use of Microradiographic 

Technique 

R o e n t g e n  abso rp t ion  image s of smal l  biological  objects  
were first  publ i shed  b y  GoBYL He  inves t i ga t ed  Fora -  
min i fe ra  and  in t roduced  the  n a m e  mic ro rad iog raphy .  

The  pubI ica t ion  opened  new views  and  possibi l i t ies  to  
inves t iga te  d i f ferent  t issues on h is to logica l  basis. DAIy- 
V I L L I E R  2 t o o k  a g rea t  step fo rward  t o w a r d s  a b : t t e r  
t e c h n i q u e  b y  us ing the  so-cal led L i p p m a n n  f i lm wi th  its 
e x t r e m e l y  fine g ra ined  emuls ion.  

The  m e t h o d  has  been  fu r t he r  i m p r o v e d  by  LAMAR~2UI~ 
and  TURCIIINI 3. In  1936 SI[EWERT 4 a m o n g  o the r  th ings  
showed  the  poss ib i l i ty  of ge t t i ng  en la rged  roen tgen  
images  w o r k i n g  wi th  d i v e r g e n t  r ad ia t ion .  

In  the  n ine t een  fort ies,  i m p o r t a n t  i nves t iga t ions  were 
m a d e  in th is  sub jec t  by  CLARK and  BOHATYRTSCH[~K ~. 
The  l a t t e r  e.g. i nves t i ga t ed  the  d i s t r ibu t ion  of vessels. 
E~,'~SYR6~I 6 pub l i shed  a q u a n t i t a t i v e  m e t h o d  for the  
e s t i m a t i o n s  of smal l  a m o u n t s  of d i f fe ren t  e l emen t s  in bio- 
logical  ob jec t s  in areas  down  to 10 #. ENGS'rRO-~L ExG- 
FELl)T, and  AMPRINO 7 h a v e  pub l i shed  mos t  in te res t ing  
m i c r o r a d i o g r a m s  of bone  t issue showing  the  minera l  

1 p. GosY, J. roy. micr. Soc. ¢, 873 (1913). 
2 A. DAX~VILLIER, C. r. Acad. Sci. 190, 1287 (1980). 

P. LAMARQUE, Radiology °7, 563 (1936); Brit. J. Radiol. 1I, 
425 (1938). - J. T~meHtNI, Bull. histoL appl. physiol, patho[, tcchn. 
mieroseop. 14, 17 (1937). 

4 R. SIEWERT, Aeta radiol. 17, 2299 (1936). 
s F. BOUATYRXSCHUK, Aeta radiol. 22,5, 351 (1944). 

A. ENOSTR6M, Acta radiol. [Suppl.] 68 (1946). 
7 R. AMPRmO and A. ENGSTR6M, Acta anat. 15, 1 (1959@ 

A. ENGSTRf3M and B. ENGFELDT, Exper. 9, 19 (1953). 
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Fig. 1. 5 + ~ aged 51. c = cementum, d = dentin. Thickness about 
• l o i ~ .  a Microradiogram exposed 60 rain at 2.5---4 A. Noticc the dark 
line at the arrow point (sce text) ; (the dots in the dentin are artefacts). 

b Microphoto of the same section x 64. 

d i s t r i b u t i o n  o f  t h e  H a v e r s i a n  s y s t e m s .  ENGSTR6M a n d  
L]NDSTR6M s e l a b o r a t e d  a m e t h o d  for  e s t i m a t i o n  o f  t h e  
m a s s  o f  c y t o l o g i c a l  m a t e r i a l  b y  u s i n g  r o e n t g e n  a b s o r p -  
t i o n  t e c h n i q u e .  Q u a n t i t a t i v e  m e t h o d s  h a v e  b ~ e n  re-  
p o r t e d  b y  BRATTGARD a n d  H v D l ~ n  9 tOO. F i n a l l y ,  LIND- 
STROM l0 h a s  g i v e n  a d e t a i l e d  r e p o r t  o f  t h e  w h o l e  m i c r o -  
r a d i o g r a p h i c  f i e ld  a n d  o f  w h a t  h a s  b e e n  d o n e  fo r  i t s  
d e v e l o p m e n t .  

W i t h  s p e c i a l  a p p l i c a t i o n s  to  t e e t h  BODECKER a n d  
APPLEBAUM 11 m a d e  t h e  f i r s t  m i c r o r a d i o g r a p h i c  i n v e s t i -  
g a t i o n s .  HEIWINKEL a n d  APPLEBAU M l i  p u b l i s h e d  f u r t h e r  

8 i ' ,  ENGSTROM and B. LINDSTR~)M, Biochim. biophys. Acta 1, 
:~7,1 (1950). 

9 S.-O. BRATTGARD and H. Hvof.;N, Int. Rev. Cytol. 3, 455 (1954). 
l0 B. LIXDSTROM, Acta radiol. [Suppl.] 126 (1955). 
11 C. F. B(~DECKER and E. APPLEBAUM, Dental Cosmos 73, 995 

(1;~31). 
12 E. APPLEBAUM, J. dent. Res. 12,  619 (1932), - M. HEIWINKEL, 

Vjsclir. Zahnheilk. 48,247 (1932). 
Fig. 2. + 2~  aged 51. Thickness about 40t~, a Microphoto. b Mi- 
croradiogram of the same section exposed 60 rain at 2-5--4 A. × 64. 

t-xper, 2 
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i n v e s t i g a t i o n s  of  t h e  s a m e  s u b j e c t .  H o w e v e r ,  t h e  
t e c h n i q u e  was  v e r y  i m p e r f e c t ,  b u t  in  1933 APPLEBAUM, 
HOLLANDER, a n d  B6DECKER xa m a n a g e d  to  ge t  r ad io -  
g r a m s  of  t h e  m i n u t e  s t r u c t u r e s  of  t h e  t e e t h .  N e x t  y e a r  
WARREN etal.  ~4 p u b l i s h e d  a s e m i - q u a n t i t a t i v e  m e t h o d  
for  e s t i m a t i n g  t h e  r e l a t i v e  c a l c i u m  c o n t e n t  in  d i f f e r en t  
p a r t s  of a t o o t h .  

O t h e r  i n v e s t i g a t o r s  a re  e.g. VAN HUYSEN, HODGE, 
THEWLIS, a n d  LEFKOWlTZ ~s w o r k i n g  w i t h  t h e  m i n e r a l  
d i s t r i b u t i o n  of i n t a c t  or ca r ious  t e e t h .  Seve ra l  i n t e r e s t -  
i ng  f i n d i n g s  h a v e  b e e n  p u b l i s h e d  b y  t h e s e  a u t h o r s ,  e.g. 
t h e  h i g h l y  a b s o r b i n g  Mack ie - l ine  in  t h e  super f i c i a l  l a y e r  
of t h e  e n a m e l .  T h e  m i n e r a l  d i s t r i b u t i o n  in  os t eogenes i s  
i m p e r f e c t a  a n d  in  cases  of o s t e o p e t r o s i s  is s t u d i e d  b y  
]~ERGMAN, ENGFELDT a n d  HAMMARLUND-ESSLER 16. 

T h e  m i c r o r a d i o g r a p h i c  t e c h n i q u e  m a k e s  i t  poss ib le  t o  
co r r e l a t e  t h e  c a l c i u m  d i s t r i b u t i o n  of t e e t h  d i r e c t l y  t o  
t h e  m o r p h o l o g i c a l  s t r u c t u r e s .  T h i s  is poss ib le  b y  ex-  
p o s i n g  g r o u n d  sec t ions  of t e e t h  (in t h i s  case  2 0 - 3 0  # 
th i ck )  to  r o e n t g e n  r a d i a t i o n  w i t h i n  a n a r r o w  w a v e  
l e n g t h  reg ion ,  h e r e  2 .5 -5  A. T h e  a b s o r p t i o n  c u r v e  of  
c a l c i u m  h a s  i t s  K - e d g e  a t  3.07 _~. A M a c h l e t  t y p e  A E G  
50 t u b e  (1 m m  Be  f i l ter)  h a s  b e e n  u s e d l L  

S o m e  p a r t s  of t h e  d e n t i n  a n d  t h e  c e m e n t u m  c o n t a i n  
g r e a t  a m o u n t s  of o rgan i c  c o m p o n e n t s ,  e.g. t h e  d e n t i n a l  
t u b u l e s  a n d  t h e  c e m e n t o c y t e s .  C o n s e q u e n t l y  in  t h e  r ad io -  
g r a m s  t h e s e  p a r t s  a p p e a r  as b l a c k  a r ea s  in  c o n t r a s t  t o  
t h e i r  s u r r o u n d i n g s .  H o w e v e r ,  t h e  more  ca lc i f ied  a reas  
s h o w  a d i s t i n c t  v a r i a t i o n  in  t h e  m i n e r a l i s a t i o n .  I n  t h e  
r a d i o g r a m s  close t o  t h e  p u l p  t h e  d e n t i n  o f t e n  shows  a 
zone  c o n t a i n i n g  more  c a l c i u m  t h a n  t h e  s u r r o u n d i n g s  
(Fig. 2b). I n  t h e  p e r i p h e r y  of t b e  d e n t i n  a t  t h e  d e n t i n -  
c e m e n t u m  j u n c t i o n ,  a h y p o c a l c i f i e d  zone  a p p e a r s  
p r a c t i c a l l y  c o n s t a n t  (Fig.  l a ) .  In deca lc i f ied  sect ions 
s t a i n e d  w i t h  S u d a n  B LORBER ls h a s  p u b l i s h e d  a s imi l i a r  
p i c t u r e  w i t h  a d a r k  zone  a t  t h e  s a m e  p lace  c o n t a i n i n g  a 
c o n c e n t r a t i o n  of l ip ids .  

A m o r e  i n c o n s t a n t  a p p e a r a n c e  b u t  b y  n o  m e a n s  
u n u s u a l  is t h e  p r e s e n c e  of  b a n d s  in  t h e  c e m e n t u m  d u e  
to  r h y t h m i c a l  m i n e r a l i s a t i o n .  T h e  m i c r o r a d i o g r a m s  s h o w  
t h a t  t h e  c e m e n t o c y t e s  a re  s o m e t i m e s  s i t u a t e d  b e t w e e n  
t h e  b a n d s .  T h e s e  a re  p r e s e n t  m o s t l y  in  t e e t h  w i t h  
b r a n c h i n g  roo t s  a n d  t h e y  a p p e a r  m o s t  d i s t i n c t l y  in  
c ross  s ec t i ons  f r o m  t h e  b i f u r c a t i o n  of  t h e  roo t .  I n  t h i s  
case  t h e  a b s o r p t i o n  of  t h e  l i g h t  b a n d s  is 1 .5-2  t i m e s  
b igge r  t h a n  t h a t  of t h e  d a r k e s t  b a n d .  (The  a b s o r p t i o n  is 
r e g i s t e r e d  b y  a m i c r o p h o t o m e t e r  c o n s t r u c t e d  b y  
BOURGHARDT, :BRATTGARD, HYDI~N, JIEWERTZ, a n d  
LARSSONI~.) 

I t  is  e v i d e n t  t h a t  in  t h e  c e m e n t u m  a r h y t h m i c a l  
m i n e r a / i s a t i o n  is p r e s e n t  a l t h o u g h  i t s  a p p e a r a n c e  he re  
is a l i t t l e  m o r e  d i f f i cu l t  t o  show.  T h e  b a n d s  m i g h t  

13 E. APPLEBAUM, F. HOLLANDER, and C. F. B'6DECKER, Dental 
Cosmos 75, 1097 (1933). 

14 S.L. WARREN~ F. W. BIStIOP~ H. C. HODGE~ and G. VAN HUYSEN, 
Amer. J. Roentgenol. 31, 663 (1934). 

15 G. VAN HUVSEN, H. G. HODQE, S. L. WARREU, and F. W. BI- 
sHop, Dental Cosmos 75, 71~9 (1933). - G.VAN HUYSEN, H. G. HODGE, 
and S. "WARRE~¢, J. dent. Res. 16, 243 (1937). - J. THEWLXS, Brit. 
Dent. J. 57, 457 (1934); 6z, 303 (1937). - W. LEFKOWITZ, J. dent. 
Res. 19, 47 (1940). - F. HOLLANDER and E. SAPER, Dental Cosmos 77, 
1187 (1935). 

16 G. BERGMAN and B. ENGFELDT, Aeta odont. Scand. 12, 99 
(1954) ; 2, 133 (1954) ; Acta pathol, microbiol. Seand. 35, 537 (1954). - 
B. EhrGEELDT, G. BERGMAN, and E. HAMMARLUI~D-ESSLER, Exper, 
Cell Res. 7, 381 (1954). 

z7 A. ENGSTR6M and S. WELIN, Aeta radioL 31, 483 (1949). 
is M. LORBER, Anat. Rec. 111, 129 (1951). 
19 S. BOURGIIARDT, S.-O. BRATTG2~RD, H, HYDI~:N, B. JIE~VERTZ, 

add S. LARSSON, J. Sci. Instr. SO, 464 (1953). 

o r i g i n a t e  b e c a u s e  of  n u t r i t i o n a l  f ac to r s ,  e.g. i l lness,  
s t a r v a t i o n  a n d  so on,  l ike  t h e  t r a n s v e r s e  l ines  of  c h i l d r e n s '  
l ong  b o n e s  de sc r ibed  b y  ASADA, ELIOT etal.  ~°. I n  b o t h  
cases  (see F i g u r e s  t e x t s )  t h e  e n a m e l  shows  n o  H u n t e r -  
S c h r e g e r  b a n d s  a n d  o n l y  a few l ines  of R e t z i u s .  H o w -  
ever ,  t h e  l a t t e r  a p p e a r  v e r y  d i s t i n c t l y .  

H. I~OCKERT 

Histological Insti tute,  Universi ty  o /Gothenbury ,  Sep- 
tember 1, 7955. 

Zusammen /as sung  

N a c h  e ine r  U b e r s i c h t  f iber  die L i t e r a t u r  w e r d e n  die 
f o l g e n d e n  B e f u n d e  a n g e f i i h r t :  

1. E i n e  h y p e r k a l z i f i z i e r t e  Zone  i m  D e n t i n  n a h e  der  
P u l p a .  

2. E i n e  h y p o k a l z i f i z i e r t e  Zone  a n  d e r  G r e n z e  zwischen  
D e n t i n  u n d  Z e m e n t .  

3. B a n d e n  i m  Z c m e n t ,  v e r u r s a c h t  d u t c h  r h y t h m i s c h e  
M i n e r a l i s a t i o n .  

M i k r o r a d i o g r a m m e  u n d  M i k r o p h o t o g r a p h i e n  derscI-  
b e n  Z a h n s c h n i t t e  w e r d e n  m i t e i n a n d e r  v e r g l i c h e n  u n d  
so die z y t o c h e m i s c h e n  B e f u n d e  in  Z u s a m m e n h a n g  ge- 
b r a c h t  m i t  d e m  z y t o l o g i s c h e n  Bi ld .  

2o T. ASADA, Zbl. Kind. 18, 705 (1925). - M. M. ELIOT, S. •. 
SOOTHER, and E. A. PARK, Mull. Johns Hopkins Hosp. 41, 364 (1927). 

A S y n t h e s i s  o f  a - B r a z a n  a n d  t h e  R e l a t e d  Q u i n o n e  

KRUBER and OBERKOBUSCH x h a v e  i so l a t ed  ~ - b r a z a n  ~ 
(I, m.  p. 103-104  °) f rom coal  t a r  d i s t i l l a t i o n  p r o d u c t s .  
On  o x i d a t i o n  w i t h  c h r o m i c  acid ,  t h i s  c o m p o u n d  gave,  
a l o n g  w i t h  o t h e r  p r o d u c t s ,  ~ - b r a z a n q u i n o n e  w h i c h  was 
i so l a t ed  as t h e  q u i n o x a l i n  d e r i v a t i v e  (II,  m.p .  252-253°) .  
A s i m p l e  s y n t h e s i s  of b o t h  t h e s e  c o m p o u n d s  is n o w  re- 
p o r t ed .  
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T h e  k e t o - n i t r i l e  ( I I I ,  R = CN, m .p .  88 -89  °) o b t a i n e d  
b y  t h e  c o n d e n s a t i o n  of e t h y l  b e n z o a t e  w i t h  o - m e t h o x y -  
p h e n y l a c e t o n i t r i l e  9 g a v e  t h e  r e l a t e d  e s t e r  {II I ,  R 
COOEr ,  m.p .  71-72  °) o n  t r e a t m e n t  w i t h  a lcohol ic  h y d r o -  
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