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INTRODUCTION 

By administering large doses of vitamin A to pregnnnt rats 
and mice, it is possible to  induce in soiiie of the einbryos various 
iiialforniatioiis of the brain, face, oral cavity, and extremities. 
The nature, location, and degree of deformity are largely deter- 
mined by the stage of pregnancy chosen for the ~idiiiiIiistration 
of yitamin A and hy the size of the dose. The method was first 
employed by Cohlan (1953 and 1954) who induced, for example, 
exencephaly, hydrocephalus, cleft palate, and cleft lip in rats. 
Girorid h' Martinef (1956) induced facial deformities in ra t  em- 
bryos and also found tooth :inomalies in the form of ino1:tr 
aplasia or fusions of the ioolurs, in upper and lower j n w s .  
Deiischle, Geiger  h' Wtrrkrmy (1959) induced oculo-dental-facial 
anoilxilies in ra t  embryos. The iiiolars were either hypoplastic 
or absent. Kalter ( 1  960) observed supernumerary, absent or ec- 
topic teeth in mice, in association with various arioiiialies of the 
mouth and face. The iiiolnrs appear to be especially affected, but 
instances of uniktteral and bilateral supernumerary incisors anti 
one instance of fused upper incisors are recorded. Knltrr h' War-  

\carch Foundation. 
.'. This i\ estigarion \\ i t \  \upported hy a grant from The 1)anish Stntc He- 



1’. 4 .  K N U D S B N  5 2  

X u n ! j  i 1901 I discuss the occurrence o f  supernuinernry lower in- 
c isc 11’s i 11 in ou se enihryos in connection with other 11x1 I for ma tion >. 

in  the works referred to, the existence o f  various forms o1 

dentnl ;inoirialy has been established without further description 
:inti without invrstigation of the frequency with which they oc- 
cur. alone or in cotinection with developiiient:il disturbances i n  
other  organ systems. ‘I’he occurrence of dent:il anoiii:tlies in con- 
nection with developniental defects i n  the central iiervous \ysLeu~ 
has thus not been subject to experiinental study, whereas t h e  
prohleii i  h:is been dealt with in several clinic:tl ~ v o r l t s .  ‘L’liu\ Jlilri.s 
( 19.54) stre\ses the :issoci:ition of dental :inoiii:ilies with mental 
deficiency :ind mongolisni in p:irticul:ir. Forrestc~r. & JIilltJr 
( 1955 i found dentill changes :issociuted u itli Kerniltterus. l’irr 
L\: Chrrrchill ( 1957 ) found the incidence o f  enainel hypopl:\sia 
l o  he 68 ( (  i n  children with congenital cerehriil div)rcler\ 01 :ill 

pe s. 

l u  order to investigate the forin atid size of the choroid ple\u< 
i i i i i i a  If or  iiictl brains, the present ;i u t h or induced cerebr:~ I 11 1 :i 1- 
t’oriii:ition\ in mouse einbryos 1)y m e d o s i n g  pregnant inice X L i t h  

x ~ t i i i n i n  A. ‘I’tie iuoct frequent innlforiiiution \v:is ewwcep1i:ily 
( :iriencepli:ily). In this condition, which is also I t n o ~ n  in huir1: iu  

p.ithology, both hones ;ind soft t issues are lacking in the craiaial 
roof, ;ind the exposed surface of the brain is in direct contac l  
ui th  thc :iiiiniotic fluid (Fig. 1 ,  Plate 1 ,I. A s  various tlisturI):inw\ 
i n  the de~elopiiienl of the oral  cavity and teeth were observctl i n  
iiaany of’ the exencephalic eiiibryos, the inyestigation w:i\ estentletl 
t ( 1  iricludc :I study of  those dental changes which appear l o  O C ~ L I I ’  

ciui tc  frequently with this hrain deformity. l‘he pre\ent stud!  
\iiiuuiarizes the nature :irid frequency of  the tleinonstriitetl 
cliiinges i n  the upper incisors. A t2et:iiled description o f  the mo\f 
cliaixctcristic cleforinities and the report o f  :in investig:ition into 
lov\er incisow :ind I I I O I ~ I - S  are  in pre1):ir:ition. 



Table 1. 

Dosage vf Bittintin J ( I . l . . ) ,  siibriitctneoirslg injected or o r d l y  ridministered 
on days 7 to 9 of g e s l t r f i o r i ,  to  effect 272 e.rencephtc1ic enihryos incliided in 

the present  innestigrition. 

5000 

0 

3000 

Sutlcutaneou! 
Sumher of inject ion 

3000 

3000 

3000 

exencephalic 

8000 

embryos 

9000 

)ag of gestation : 

tay 7 

h y  8 

)ag 9 

’otal dose 
If Vitamin A 

-_ 

67 

5000 

0 

0 

‘1 

1000 

0 

0 

4000 

-~ 

109 

5500 

Oral ad rninist ra t ion  

45 ~ 8 

as the day on which the copulation plug is found in the v:igina 
of the mouse. The iiiales were then removed and the inipregnated 
feiiiales given froin 4,000 to 15,000 I.U. vitamin h on days 7 to 
9 of pregnancy. (For details see Table 1.) At the start of the 
experiment, a subcut:ineous injection of :in :tqueous preparation 
of vitamin A was administered. Later, \.itamin h in oil was ad- 
ministered orally by iiiems of :I blunt-ended needle and a syringe. 
The feniales were killed on days 16, 17,  18 or 19 of pregnancy, 
i .e.,  about 1 to 4 days before terni. The foetuses were removed, 
ex:miined iii:icroscoyically arid then fixed in Houin’s fluid. After 
2 to 3 days’ fixation and after photographing the foetus, its head 
was embedded in  paraffin was and cut in serial sections. Section 
thickness was 7 or 10 /[, and the sections were in most cases 
stained with liaeiii:itoxylin-eosi~i. I n  sonie cases m hole series o r  
parts of :I series were stained with pentachrome by the technique 
of Moimt (1955) or with \.:in Giesoii’s stain. A11 histological sec- 
tions with incisor gernis ve re  exuinined and all inlportant 
changes were registered on :i special f o r m .  The most important 
changes were studied in :I 1:irge nuinber of iiiicrophotoefrapli~. 
Reichert’s \’isop:in microscope w a s  used for exniiiiniiig sections. 



l 'he iiieasureiiients of the (1ist:iiice hetween the tooth geriiis :in(? 
of tlie angle between their long axes, presented below, were i11:itle 
with :I ruler and protr:ictor directly on the projection screen of 
the inicroscope. The distance 1iie:isureiiieiits are given in  1,eiigtIi 
"nits (L.V.  1 ,  corresponding to  the nuinher o f  inilliiiietres Iiir:is- 

I n  the  present study, 272 exencephalic einbryos were iiivesti- 
p i e d ,  73  being effected by injection :ind 199 by or:il :tdiiiiiiislr:i- 
tJon o f  yitaiiiin A ('l'nble 1 ) .  260 of the embryos \yere sectioned 
front:illy ant1 12 s:tgitt:iIly. A further 100 n o r i i i a l  einhryos a t  
coi~rcsponding sttiges o f  de\ elopiiwiit were ex:iiuined with the 
view o f  describing the nortiial forin and position of the incisors. 
30 of the nortii:il einhryos mere iiieasuretl a s  described :ibove. 

u r c ~ l  on the  projection screen n i t h  70 t ime\ linear enl:ir, ~~eIl lent .  



Table 2 .  

272 e.rencephnlic niozis~’ embryos ,  divided into fozir yrozzps,  arrording i o  fhe 
tcppecirance of their z ipper  incisors. 

Two incisors 
ieparated by 

tissue 
connective In contact 

Numbcr of 
emliryos 

Per cent 

~ __ 
FuCo 

dcntium 

Group I 1 Group 11 1 Group 1111 ~ r o u  

3 

0.5 51.3 1 1.1 

105 

39.3 

IV 

?O 

7.4 

Total 

272 

100 

Grozrp 1 

This large group exhibits nimy variations as to the distance 
between the incisor germs. In many exencephalic embryos, little 
or no difference from the normal is seen (cf. Figs. 2 and 3 ) ,  
while in other cases the distance is reinarkably small. Examples 
of small intervals between germs (froni 6 to 1 L.U.) are shown 
in Figs. 4-7. The layer of connective tissue separating the germs 
can be very thin, soiiietiiiies corresponding in thickness to an 
ameloblast layer (Fig. 7 ) .  

In order to obtain an exact expression for the variations in 
mesial displacenient of the incisor germs, the smallest distance 
between the germs was iiieasured in 30 normal and 104 exence- 
phalic embryos. The results are given in Length Units (L.U.) and 
Text Fig. I gives the distribution for each group. In the group 
with normal embryos, only values of 14-20 L.U. occur, whilst 
values from 0-20 L.U. are found among the exencephalic eni- 
bryos. In 45.2 % of the latter the distance is less than 14 L.U., 
which is the lower limit for the normal group. 

Norinal incisor germs in the upper jaw are connected with 
the epithelium of the oral cavity by an ”epithelial lamina”, which 
includes part of the stellate reticuluiii and the outer dental epi- 
thelium of the enamel organ. In normal mouse embryos the two 
plates are entirely separated by connective tissue and are only 
indirectly connected by oral epithelium (Figs. 2 and 3) .  On the 
other hand, many of the exencephalic embryos exhibit a partial 
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Fig. 11. Size of the angle formed by the long  axes 01' the upper incisor germs. 
A ~ C J Z W :  30 normal embryos. B e l o l o :  104 exencephalic embryos. 
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fusion of  the stellate reticula in the two gernis. This is particu- 
larly the case when the distance hetween the germs is reduced. 
Fusion is seen in Figs. 4, 5, and 6. The extent of fusion froi i i  

fro111 to I):rck is apparent froiii Figs. 11 -15, which show f i le  
frontal  wctions froin the same foetus. Anteriorly there is i i o  

connection between the stellate reticula of the two sides Fig. 
11 1 .  Further back the two enamel organs :ire connected with 
the  epitheliuiii of the oral cavity, which together with an incipi- 
ent connection consisting o f  stellate reticulum and outer tient:il 
epithcliuin limits :I recess containing niesenchyine (Fig. 12 1 .  I n  
[ l i e  following section the bridge has grown in thickness, and thc 
recess is reduced (Fig. 18). In later sections, the skllate w t i -  
vtriu i i i  : r i d  the outer dental epithelium for111 :I Y-shaped connec- 
t ion with the oral epitheliuiii, :inti the recess has dis:rppe:ired 
i Fig. 14 1 .  At the posterior end, the connection with thc oral 
epithelirmi is V-shaped (Fig. 15 ) .  

&As is seen froin Text Fig. I, where the unshaded :ireas denote 
p:irtial fusion of the stellate reticula in the two enaniel organs. 
the 1)ossiibility of fusion is present even with :I geriii intcrv:rl ot' 

up to 1.5 L L J .  When this distance is under 12 L.U., fusion is d i -  
sent in only :I few cases. 

In severd exencephalic embryos the position of the incisor 
grrriir in frontd sections deviates considerably froni noriii:il. 
This w n  he wen by coinp:iring Figs. 6 and 7 with Fig. 3 .  13y 
rne:isuring the :tiigle between the long axes of the gerins on(' 
olit:iins :in in(1ic:ition of the considerable vnri:itions which occur. 
Thc distrihution o f  angle sizes in 30 nornial and 104 exence- 
pli:tlic e~iil)ryos is presented in Text Fig. 11. The niaxiiiiuin :ingle 
for the norm:il embryos ex:iinined is about GO" ,  while 23.1 c: of 
the cxeiiccph:ilic eiiibryos show nn angle of 60" or inore. 7'hr 
relation bctween the angle formed by the long axes :ind the 
shortest clislnnce between the germs is recorded iii Text Fig. 111, 
whcre fusion of the enamel organs is :ilso indicated. Fusion is 
rare with :ingles under 45" and is entirely absent with :inslea 
under 40". In three cases of angles between 15 and 35" and with 
distances between 1 and 6 L.U., fusion is absent, in  spite of thc 
short distances between the germs. These three cases correspond 
to three of the shaded columns to the left in Text Fig. 1. 
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Fig. 111. Relation between the angle formed hy  the long axes of the upper 
incisor germs and the shortest distance between the germs. Ordinate : Size 
of angle. Abscissn: Shortest distance ( L V .  = I.ength Units). 0, normal em- 

bryos ; @; exencephalic cmbryns with completely separated incisor germs ; b, 
cx cii ce ph a1 ic emh ry os w it  t i  i i  cn n n ec t in 11 he t wee 11 the en :i me1 org a 11s. 

Group I I  

This group is sparsely represented, but as i t  coriiprises ein- 
bryos with ’contact’ between the incisor germs, it forins a natural 
transition between group I, where the germs are separate, and 
group 111, where they are fused. An examination of all the sec- 
tions from the region of the incisors shows that nowhere in  the 
contact area is there a connection either between the dentine 
layers or between the pulps of the two sides. Moreover, the germs 
are not in contact in their whole length, but are  separated by 
connective tissue in quite larjie areas. Figs. 8 and 9 show that 
there is contact anteriorly as  well as  centrally, where the largest 
area of contact is found. Here the two germs lie so close that  
the nineloblast layers apparently touch, as no other layer of the 
enamel organ is c1e:irly seen. At the anterior end there seeins 
to be contact between the outer dental epithelia in the two germs, 
and the stellate reticulum is seen in both (Fig. 8) .  A t  the poste- 
rior end there is no cont:ict (Fig. 10) .  

G r o u p  111 

This is the largest group, and it exhibits so many variations 
that systeiiiatization is only broadly possible. 
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'I'hree degrees of fusio deiitiuin are distinSuishetl: 1 ) /ir.sio 
prr t i r r l i s ,  ( 2 )  f r i s io  s i i h t o f r r l i . ~ ,  :ind ( 3 )  f i r s io  to t r i l i s .  Text Fig. I \ '  
\Iiows the different degrees of fusio dentiuin. 

In f t r s i o  p r f i r d i s ,  the  fusion is ahsent both at the anter ior  
( incisal)  :ind the  posterior (b:isal or apical) end;  :ind only in 
IItc cen1r:il ~ m r t i o n  is  there :I connection over ilie rnid-line be- 
Iwcen pirIl)s, dentine mid all  1:iyers of  the enainel organs o f  the  
l w o  sides. In /irsio sirhtotcrlis ,  the fusion is ahsent only :it the  
posterior end, :Ind in  f i r s i o  totrrlis  only one tooth gt'riii ~ v i t h o u t  
signs o f  division is seen in :ill frontal sections. 'I':ihle 3 shows th:it  

l'usio totalis occiirs in ahout 79 %, o f  the  130  exencep1i:ilic ein- 
hryo\ with fused upper incisors exariiinetl in front:iI seri:rl s ~ -  
I ion\. 

k'rrsio prrrtitrlis forins mi even transition kwtween Group IT, 
with contact between the two gerins, :ind the  more developed 
form\ of fusio dentiuiii.  'I'he :interior end of  the tooth gemi  con- 



Tahle 3.  

Fused upper- iricisors it1 1.30 fronl(tll!i serfioried e.rencc.phtilir nioiise e m b r y o s .  

/Number of embryo: 
P e r  ceut  

sists of two parts, which are closely adposed. Further back (Fig. 
l 6 ) ,  the two ameloblnst layers near the iiiid-line are  still well 
defined, while under the nasal septum there is a connection be- 
tween the outer dental epithelia and the stellate reticula of the 
two sides. Further back still, the anieloblasts also continue across 
the mid-line corresponding to the nasal portion of the germ, and 
near the oral epitheliuiii two extensions of the enaiiiel organ can 
be seen separated froin each other and from the epithelium by 
highIy vascular tissue (Fig. 1 7 ) .  The following sections show 
an  incipient connection between the dentine layers of the right 
and left sides. Furtherinore there is established a connection be- 
tween the two extensions of the enamel organ, which forin a 
common stein which is connected with the oral epithelium. A 
recess full of connective tissue is thereby formed (Fig. 18) .  In 
the following frontal sections, the pulp with odontoblasts con- 
nects the two sides, the enamel organ forming a broad stein, 
connected to the oral epitheliuin, the recess having disappeared 
(Fig. 19). The 'pulp bridge' across the mid-line increases in 
height in the following sections, and the enamel organ has a 
larger connection with the oral epithelium. At the saine tiiiie the 
border facing the stellate reticuluiii becomes irregular, ainelo- 
blasts, dentine and odontoblasts foriiiing :in irregular line with 
four projections of pulp directed towards the oral epitheliuin 
(Fig. 20). In the following sections, the connection between the 
pulps of the right and left sides narrows. The enamel organ's 
connection with the oral epitheliuin again divides and is sepi- 
rated by a recess filled with connective tissue, which is much 
larger than the first-mentioned. Next, the connection between 
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tht. la) ~ r s  of the  cnariiel organ in  t h e  region h c ~ l o t l  thr n a u l  
w p t u t i i  is leal (Fig.  21 ) .  The pulp hridge hecoiiies i i w r o w c ~ r  still 
:rritl finally disappears. l'hr posterior end o f  the tooth geriir con- 
4ists o f  lwo coiiipletely sel):tr:rted parts, which in fo rm :I nd lo- 
c:itiori reserihle the  posterior ends of  n o r i ~ ~ a l  upper incisors 
(Fig.  2 2 ) .  

Frrsio srrbfotrriis is the second coiillnone\t type of fusion. I t  
i.ecpires no special description. It reseinhles fusio partialis cen- 
lr:iIly : t i i d  posteriorly, whilst t h e  iiiost anterior (inc-isal) 1):ii .t  

coiwsponds Lo the anterior p t r t  of fusio tot:tlis. The oral portion 
o f  the stellate reticuluiii ant1 t he  outer dental epitheliuin are c(*ii- 

t rnlly :inti posteriorly ;IS descril-led for fusio pirtialis. 
Frisio tottr2i.s is  the coininonest and most coiiipletc type of I'usio 

deiitiuiii. There :ire inuny iilorp1iologic:il variations, hut i n  :i l l  

cuses the pulp, dentine, and 2\11 the layers of the enaiuel organ 
cross the Inid-line. The incisor germ appears in a l l  f r o n l a l  sec- 
tions a s  one body, without any sign of division, :IS in Figs. 23 
29, which are froiii the same eitihryo. In  the most anterior SLY- 

l ion, where the incisor geriii is cut t:rngentially, the outer denl:il 
epitheliuin and the stell:tte reticuluin can he followed right 
:irountl the geriti (Fiss .  23 and 2 4 ) .  Tlie following sections sliom 
:I connect ion acr( the inid-line for d l  layers of  the gerin, and 
lhc or:rl portions of  the stellate reticulum and tlentul epitheliurii 
11:ive foriiietl :I c o i ~ i ~ i i o ~ i  stein, :tppro:iching the oral epitheliuiii 

Figs. 25 :ind 26) .  'l'he connection between the enaiiiel or+n 
and the oral epitheliuiii is  seen in the following sections, vIiei*c 
the width of the or:tl portion of the stellate reticuluiii i s  con- 
s idc~i*: thl t~  (Figs. 27 -29). 

( ; I  l l l l p  11, 

hlost eiribryos in this group kick 110th incisor geriiss in their 
iip1)er ,jaws ( T:ible 2 ) .  There are ;I few c:ises o f  unilateral agelie- 
sia, where the gei.in present does not cross the inid-line, Iherehy 
clearly tiil'feririg from fusio tfeiitiuiii (Figs. 30 :t i id  3 1  1. 'i'lie uni- 
1alcr:il location of the germ is einp1i:isized by thcl well develo1)cd 
hone I:iiiiin:t in  the ~nid-line,  which forins the  iiiesi:il :iIveolar. 
m i i l l .  The forin :ind size o f  the geriu v:iry considerably :ml differ 
esseritiully frotii those of norii1:il germs (cf.  Fig. 2 ) .  
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Fig. \'. Diagrammatic representat ion of frontal  sections. 

Thick hlaek line : amelohlasts 
Dotted area:  stellatc reticulum 
Black l ine surrounding dotted a rea :  outer dental  epitlicliurn 
Thin black line : oral epithelium. 

A : 

13-E : Ezencephulic embryos.  

13: 

A'omici l  ripper iricisor germs.  N o  connect ion between thc  euamel organs. 

Stellate reticula and  outer dental  epithelia a re  common for  the  oral 
par t s  of t he  enamel organs. Mesial displacement (small arro\vs) would 
lead t o  C. 

C: 'Contact' between the  incisor germs. All layers of t he  enamel organs 
are still represented mesially. 

L): Stellate reticula and  outer dental  epithelia a re  common to a greater 
extent than  in  U. Mesial tiisplaccmcnt (small ar rows)  would lend t o  E. 

1.: : 'Contact' between the  incisor germs. N o  intervening layers between thc 
amcloblast s mesial ly. 
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'I'he ~~roh le i i i s  touched o i i  i n  the following will he iitore thor-  
clughly discussed, when the results o f  current exlwrilrlents be- 
co~t i r  :twtii;thIe. 'I'hese cxperiuicnts aiin at  studying the condition 
of the incisor gerins with various forit is  of hydrocephalu\ ill 
iiioust' ciii1)ryos : ind with exencephaly induced in other aniiiinls 
hy vitainin A overtlosage. I t  is also heing investigaled whethcr 
cxciicephaly induced by other iuethotis th:m vitainin A ov(>r- 
tlos;tge is accoiiip;tnied 1)y dent:il :tnoinalies. 

l'he cause of  the aiioiiialies tlescrihed in the present [ ) : t p t *  i \  
I I O ~  l { i t o w i i .  'l'he possibility o f  ;I direct influencc of vitainin A on 
tiie l)ri i i ior(~\a of the  incisors cannot be excluded. 'I'Iie frequcBticy 
wilh which dental anoiiiulies occur in the exencep1i:ilic eiithrgo4 
rather seeins to indicate :I connection between brain defect :tnd 
dental anoii ialy,  without i t  being possible at  the uio~i ient  to es- 
I)l:tiri the nature  o f  this connection or to describe the processt~\ 
leading to the changes. It  itiiglit he th:it t he  dent:iI :tnotu:tlie\ arc 
results o f  the rruni:tl changes resulting f r o m  Ihe ahnorin:il hr:tiii 
tlevelopiiient. 'I'he neurocr;itiiiiiii, which is especially affected, 
11:is ; i n  intiillate connection Lliiwugh the curti1:iginons nasal cap- 
4ule with the facial cr:rniuiii and  especially the priniort1i:tl ul)per 
jaw.  A n  :tn:tlysis o f  cr:tni;il changes i n  mouse etnbryos will 1)o\- 

sihly yield in teresting informution. 
A iiiorc direct effect of  cerebral defects o n  tooth tlevelopiircnt 

should be considered in the light o f  the inductibe effect the  iie1-1- 

(1114 systeiu is believed to h:tve on tool11 forination.  Porrrtois 
( 1061 ) believes that  soiiie observations support the inductive role 
c ~ f  Ihe trigeitiin:tl neural crest at the first stage of tooth tlevel- 
( t p i t i e i i t  in the mouse. He places speci:il eiiiplxasis on an KNA- 
rich cell region ( ~iicsectoderiii:~l cells), extending from the neur:tl 
crcst to the portion of the oral epitheliuin where the tooth grriti\ 
:\re fornied. flrrlcq ( 1 9 5 3 )  has  deliionstrated in  rats and h:itnstrr.s 
siitiilai. dense hasophilic cell groups, which he helieves indiicc 
tooth fortiiation, without, however, mentioning their eoiinection 
with the neural crest. I f  the  inductive effect of the neural crest 
is decisive for tooth foriliation, it is  possible that the sevrrr 
cl imges in the exencephalic hr:tin cause the forination of :thnor- 
11i:il incisor geritis by ':tnoiit:iloiis action' on the oral epitbcliutii. 
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The designation 'fusio dentiuni' is appropriate to  the appear- 
ance of the unpaired incisor germs at  the end of foetal life. More- 
over, the impression of 'fusion' is conveyed by the peculiar tend- 
ency to mesial displacement of the incisor germs, which in the 
inaterial studied appears with an  even transition from the nor- 
inn1 distance between gernis, via contact, to increasing degrees 
of connection  cross the mid-line. Whether fusion of two origi- 
nally separate germs actually occurs or whether there is only 
one germ right froin the earliest stages of fusio dentium, cannot 
be decided on the basis of the embryos examined so far. 

In the definition of fusio dentiuin of the upper incisors it is 
eniphasized that all the layers of the enamel organ together with 
the dentine and the pulp continue across the mid-line. The degree 
of fusio dentiuiii is dependent on the antero-posterior extent of 
this connection. On the basis of these definitions, the inaterial 
described is divided into four groups, of which Groups I and I1 
coniprise all embryos with two independent incisor gerins in the 
upper jaw. A different conception of fusio dentiuiii is, however, 
possible on the basis of the conditions of the enamel organ in a 
series of einbryos belonging to Groups I and 11. While noriiial 
mouse embryos have two quite separate incisor germs (Text Fig. 
V A ) ,  Groups I and I1 include 46 (of 109 exencephalic) embryos, 
in which the regions of the stellate reticuluni (with stratum in- 
termediuiii) and the outer dental epitheliuni situated nearest the 
oral epithelium cross the mid-line. As soiiie of the layers of the 
enamel organ thereby fulfill the conditions of fusio, the two 
germs can be conceived as one - highly cleft -- incisor germ. 
The division of the incisor germ will be more or less pronounced, 
dependent on the height of the stellate reticulum at  the mid-line 
(Text Fig. V 13 and 1) j .  

Group I1 lacks, as does Group I, connection across the iiiid- 
line for the :iiiieloblast layer :IS well a s  for the pulp and dentine. 
The anieloblasts from the two sides follow inesially :in almost 
straight line and are  so close, that there is apparent contact (Fig. 
9 ) .  It cannot be determined with certainty, however, whether 
there are traces of outer dental epithelium and stellate reticulum, 
or of reticuluin alone, between the ameloblasts in the region of 
contact (Fig. 32 j .  If both layers are represented, stratification 
corresponds to that shown di:rgrammatically in Text Fig. V C. 
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This form could arise from the '1iiesi:il displ:icement' o f  the 
germs shown in Text Fig. V Ii. If Ihe outer dent:il epitheliutii 
h:is entirely dis:tppeared between the two :iiiielohl:ist I:iyers, 
strutificution must correspond t o  that  shown in Text Fig. Y E. 
This forin could arise from iiiesial disp1:iceiiient to c.ont:rc.t h h -  

tmwn the ;iiiielobl:ist layers in Text Fig. 1' I) with simul1:ineoac 
tlisl)l:icciiieiit in  the n:ts:il direction of the outer dental e~~i t l ie l iuin 
:md a n  entire or partial exclusion of the stellate reticuliitii. A s  
this possibility, on the  basis of Fig. 32 and other sections, seciiis 
t o  be the iiiost probable, it iiie;iiis that  'contact' in  Group I I  is  
c.sl:il)lished hetween p r t s  of  the en:iiiiel org:in i n  the sa~ i i e  tooth 
germ :in(! not I~etuveen enninel organs frorii t\vo tliffer(~nt grrins. 

272 iiioiise einhryos in which exenceph:ily h:id heen induced 
t)y iiiateriinl overdosage o f  vit:iinin A were investigated with ref- 
c're~icc' to  (1ent:il ni:ilforin:ttioris. This p:iper reports ~ii:iIforiii:i- 

lions o f  upper incisors only. More than half o f  the  einbryos 
) show fusion of upper incisors. 'l'hrce drgrees ol' fu- 

sion :ire distinguished, /ns io  p r t i f 1 l i . s  (7.7 ),  firsir,  srrhtotriZis 
( 13.1 (,4 ),  :tilt1 frrsio totrrlis  (79.2 5h) .  

I n  40 % of Ihe einhryos, the incisor geriiis :ire t1escril)c.d :I% 

\ei):irxte, even though :I great nuinber of thein show fusioii ot 
the stell:ite reticula n e w  the oral epitheliuiii. I t  is discus\etl 
whether i t  is  pr'eferahle to consider the two incisors thus con- 
i i rc lcd  ;IS one sti*ongly cleft tooth germ. 

r .  1 he ctist:ince hetween right :ind left incisor\ w r i e s  con\itlci.- 
ably a n t i  is often reiiiarlinbly siiiall. I n  45.2 of the einhr>o\ 
i t  is srn:tller than the distance iiieasured in noriii:il eiiil~ryos. I n  
:I few cases  'contact' hetween incisor germs was observcxl (0.7 (; ).  

'I'ent:itive interpretation o f  this finding is presented. Ageiiesi:i 
tlentiurii soiiietiiiies occiirs on t)otli sides (7.4 ?{, ) I :irely on oiic 
side (1.1 "/: ) .  T h e  c:tus:il rel:itionship 1)etween the  et'fcct of \ i -  
tarnin A : i n d  dent:il iti:tlforiii:~tions is briefly discussc~tl. 
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nBsum2 
MALFORMATIONS CONGBNITALES DES INCISIVES SUPERIEURES CHEZ 

DES EMBRYONS DE SOURIS EXENCBPHALES PAR SUITE D’HYPER- 

I .  TYPES ET FRkQUENCE 

VITAMINOSE A- 

272 embryons de souris chez qui une exenckphalie avait 6th 
provoquke par surdosage inaternel de vitainine A ont 6th exaiii- 
inks en ce qui concerne les malformations dentaires. Le prbsent 
article ne rend compte que des malformations des incisives supd- 
rieures. Plus de la inoitiC des embryons (51,5 % >  prdsentaient 
une fusion des incisives supdrieures. On distingue trois degrbs : 
fusion partielle (7 ,7  %), f u s ion  subtotale (13,l  % )  et fusion fo- 
tale (79,2 7% 1. 

Chez 40 % des embryons, les gerines des incisives sont ddcrits 
coinme sdparCs, bien qu’un grand nombre d’entre eux ait prksentk 
une fusion du reticuluin CtoilC au voisinage de I’Cpithkliuni buc- 
cal. L’auteur discute le problkme de savoir s’il est prkfkrable de 
considbrer comine un seul gerine dentaire forteiiient divisd les 
deux incisives ainsi soudkes. 

La distance entre les incisives droite et gauche varie eonsiddr- 
ablenient et est souvent reiiiarquablement petite. Dam 4 5 2  % 
des embryons, elle est plus petite que la distance mesurbe sur 
les einbryons norniaux. Dans quelques cas, on observe un ”con- 
tact” entre les germes des incisives (0,7 %). L‘auteur prbsente 
une tentative d’interprktation de ces r6sultats. Une ag6nCsie den- 
taire est parfois observke des deux c6tds (7,4 %), rarement d’un 
seul cat6 (1,l %). Les relations de cause a effet entre l’action 
de la vitamine A et les malformations dentaires font l’objet d’une 
brkve discussion. 

ZUSAMMENFASSUNG 

ANGEBORENE MISSBILDUNGEN DER OBEREN SCHNEIDEZAHNE IN 
EXENCEPHALEN MAUSEMBRYONEN DURCH OBERDOSIERUNG 

MIT A-VITAMIN VERURSACHT 

272 exencephale Mluseenibryonen verursacht durch uberdo- 
sierung der Mutter niit A-Vitamin sind init Bezug auf dentale 
Missbildungen untersucht worden. Diese Arbeit berichtet nur von 
Missbildungen von oberen Schneidezahnen. Mehr als die Halfte 

7 - Acta odonf. scund. V o l .  23. 
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der Eiiibryonen (51,5 % ) zeigt Fusion der oberen Schneideziihnc. 
1)rei Stufen von Fusion sind zu erkennen: fusio partialis ( i , i  ‘4 ),  

fusio subtotalis (13 , l  % )  und fusio totalis (79,2 y‘ ). 
Kei 40 % der Euibryonen sind die Schneidezahnanlagen als 

getrenni heschrieben, obwohl eine grosse Anzahl dayon Fusion 
\on der Schnielz-Pulpa in  der NIhe des Mundepithels zeigen. €5 
wird diskutiert, ob es vorzuziehen ist, die zwei so verhundenen 
Schneideziihne nls eine stark gespaltene Zahrianlage zu betr:ich- 
ten. 

Die Entfernung zwischen den rechten und den linlcen Schnei- 
tleziihnen variiert betriichtlich und ist oft beachtlich klein. lsei 
45,2 ist sie kleiner d s  die Entfernung bei norrnalen Emhryo- 
nen geiaessen. In  einigen weiiigen Fallen hat inan ”Kontakt” 
zwischen der Schneidezahnanlagen observiert ( 0 , 7  7; ). Die iiiiig- 
liche Erkliirung dieses Fundes ist in Erwagung gezogen. Agene- 
sia dentiuui koiiiiiit zuweilen bilateral vor (7,4 $% ) selten unila- 
teral ( 1 , l  % 1. Die kausnle Verbindung zwischen der Wirkung 
ties A-\’itamins und der Z:thniiiissbildung wird kurz eriirtert. 
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Plate 2. 

F ig .  .;. lipiIIiclia1 laminae in a normal nloiise emhryo (29 t l  1 4 ) .  Frontal scclior~. 
The  portion nearest the too th  comprises stellate reliculuni and  outer  tlciiI:11 e p -  
1 I i (L l iu i i i ,  whilst the reiriainder has the  same appearance a s  t h e  epilhcliiuii i i i  I l l ?  

or;il cavity ( a r row show (he  Iransilion). ( x  63) .  

l;bq. 1 .  t~scnccplialic, inoiisc erribryo (150 t l  1/3). Frontal section. The sllorlcsl 
distance I )clwecn t l i c  incisor gcrnis is 6 L.U. There is a connection hcIwcc.n 11iv 
oral parts of t Iic c~nanirl organs (arrow). ( x 63). 













Figs. X 10 (continued) 

1. t g .  0. Contact t)elwccn t h c  incisor gel ins ccntrally. The stcllale reticula and 
o i i l e r  dcntal c~pilliclia are common for thc oral parts of the enamel organs. 

F i g .  10. I’osteriorly the germs are wparated by connectivc tissuc. The stellate 
rcttccila and outer dental epithrlia arc common for t h e  oral parts of the enamel 
organs. 





I ‘ i ( / .  17 .  l’hc t w o  germs are cwlirely separatr. 





Plate 7. 

big\. 11 1.5 (conlinned) 

b'iq. / 1. The \tellatc~ icticulutn aiid t h c  outer dcntal cpitlieliuin forin a T-shapctl 
coiintclion h e l a r c n  t h e   taw^ germs and the oral epitheliuiii. 





Plate 8. 

Fig\. 11 15 (continued) 

I ,  ig. 1 i T h e  atcllate reticulum and the  outer dental epithellurn forrri a \'-shapeti 
ci)nnectioii betw.cen t h e  two germs arid the oral epithelium. 

l'IlS10 PARTIALIS 

Pig. I / ; .  ' h e  stellate reticulum arid t h t b  outer dental epitheliunl cross the  mid-  
line (wen nasally) (arrow). The two amelo1,last layers are in 'contact'. 





Plate 9. 

big\. l ( i  22 (continued) 

F i y .  I h .  'I'hc cirntinc. laycr crosses thc, mid-line. R e c w  (arrow). 





Plate 10. 

l,‘ig\ 1 ti 22 (cottlinuc.tl) 





Plate 11 .  

V ' i p .  I ( i  22 (contii iuctl)  

/,'icq. 27.  The ainelohlasl layer is lacking in the niiddlr portion of lhe gcrni on  
(Ire nawl side. (:onnc.rtive lissue rwess olally. 









Plate 13. 

laic\. Xi  2!) (continiictl) 

l;i9. :'C, Incipicnl apical opcning. 









Plate 15. 

1;igs. Z - 2 9  (continuetl) 

Pi(/. 2!/ .  ‘1angenli:il scction through lhc posterior par1 of t h e  incisor gcrnl. 

P’ig. 30. lxenccphalic m o u s e  crnbryo (93 d 1/2). Frontal seclion. ( x 63). Unilatvial 
agonvsia. Nesial bone lamina (arrow). 





Frq. IZ. E\encephalic mouse etnhryo (180 d 112). IQwntal aeclion. l'art oi 11ic' 

contael arc'a 1)clnet.n l l ic inciwr germs, shown in Fig. 9. ( >  160). 
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