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INTRODL'CTION 

111 the last days before delivery, haeniorrhage and necroses oc- 
cur in the hrains of exencephalic mouse eiiihryos. l o  avoid thc 
consequent destruction nnd its effect on ;I projected inoryhologi- 
cal description of the brain, a number of embryos with exen- 
cephaly induced by vitamin A overdosage were removed froin 
the uterus on the 15th or 16th day of gestation. All histological 
sections engaging the oral cavity and adjacent regions were ex- 
a 111 in ed to ;t sc er t :I i 11 IT he t her the b r ain de f ec t i s accoiii p a n i ed by 
aiiotn:ilies in the om1 cavity and tooth geriiis. It IWS originally 
intended to include young exencephalic eiiihryos in an  earlier 
study of iiialforiiied incisor geriiis (Knzzdsen, 1965 [ I ]  ) .  The 
tooth geriiis of these embryos are a t  such n primitive stage of 
development, howeyer, that they :ire difficult to  compare with 
those of older eiiihryos. This, and various difficulties in inter- 
pretation described below, led to the young eiiihryos being set 
aside for a special investigation, the results of which are pre- 
sented here. The object has been to deteriiiine whether the fusion 

This investigation wn.; supported by g w n t s  from The 1)nnish State Re- 
search Foundation and Fondcn ti1 fremme at' \-idenskahelig og prnktisk 
odontologi. 
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of  he incisor germs o f  t he  iil)l)er ja\v, \vhich is found i n  1 ‘ (  
of I I I O I Y  i i i ; i t  tire exencep1i:ilic einhryos, c:in be recognized : I (  i i n  

c.:ii.lier st:ige of tooth tlevclopiiient ; furtheriiiore, whether i t  is 
1)ossihle to detertiiine :IS early :IS t he  bud stage whether :I fus ion  
\\.ill 1)rocceci to fusio partialis ,  subtotalis  or tota l is .  Fin:iIly, ; I  

iiiorl)liological description o f  the primitive gertns is given on the  
h s i s  o f  inodels. 

II 1.: s I‘ LT s 
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4 :I and b ) .  This appnrent seprntioii froin the oral epithelium 
is seen in several sections while the size of the germ is increasing. 
\$Then connection with the epitheliuin is established in the sec- 
tions, it first appears a s  a ii:irrow stallc (Fig. 4 c ) ,  the width of 
which increases only slowly in tlie lingual (posterior) direction, 
and as the tooth bud keeps its rounded shape, the whole germ 
reseiiibles a iiiushrootii. The lingual part of the geriu shows no 
sign of 'cleauage', even though it becoines broader and flatter. 
'The connection with the oral epitheliuiti is alinost as wide as  the 
entire gerin (Figs. 4 d and e ) .  

In fusio siibtotdis there is likewise fusion in the labid piirt 
of the geriii (Figs. 3 :I and b )  and not until :I varying distance 
in the lingual direction do two buds with :I connecting bridge of 
epithelium appear (Figs. 3 d and e 1. The fused labial part, which 
in frontal sections is sepnrnted froiii the oral epithelium by con- 
nective tissue, may be om1 or nearly circular and thereby strong- 
ly resemble fusio totalis. Although the geriii in fusio subtotalis 
iiiay have considerable lateral extent, the connection with the 
oral eyitheliuiii is narrow labially (Fig. 3 c).  

The least pronounced connection between ger.iiis at the bud 
stage is a thickening of tlie oral epitlieliuiii between the centrul 
parts of the geriiis, whilst the epithelium remains thin 1nbi:illy 
and lingually. A t  the beginning of this investigation, every thick- 
ening of tlie epitheli:iI bridge w:is considered an  early stage of 
fusio partialis. Only when an  exaniination of older eiiibryos 
showed 42.2 %, exhibiting :in incisal connection between the stel- 
late reticul:i of the enaiiiel organs in otherwise separate incisor 
germs did it becoine npparent that a connection between germs 
at  the bud stage is not always a sign of fusio partialis. A inod- 
erate epithelial thickening probably develops into :I connection 
between the stellate reticula of two otherwise isolated germs. In 
;i new exami1i:ition of the embryos with supposed fusio partialis, 
the ittajority were rejected, :IS by coinp:tring I'liotoitiicrogr.:1phs 
and studying wax iiiodels it has been possible to lay down various 
criteria, the most iinportant of which must be fulfilled, for the 
term fusio partialis to be correctly applied. A diagra1tiiii:itic rep- 
resentation of the criteria is given in Text Fig. I :  fusio epithelidis 
(111) and fusio partialis ( I \ ' ) .  The criteria are as follows, 
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1 I I i i  / ' ro r i / t r l  s c ~ / i r ~ r r s  tlic I i r l i i t c l  prrf  of (lie /'iis(>il yc'rrirs i s  s r l ~ r r I ( r / c ~ i l  f ro i i i  

11ic orti1 i ~ p i l l ~ i ~ l i r i r i ~ ,  irr / 'risio piirl i trl is  

O n  thc first ( I:ibial ) front:iI sections, the  geriti : t p p ~ a r s  ;IS t\vo 
distinctly sepirate  cell ~trruiitulatioiis, one on each side of  thc 
i~~id- l i t ie ,  showing that fusion is absent at the estrenie l:thi:tl e n d  
(F ig .  2 :I 1 .  A s  the non-fusctl 1)ortioti of the germ is short, ;I singlc 
1,ro:rd cell :tcc.uin~il~itioti, crossing the mid-line, is seen :tfter only  
:I fcn. scctions ( F i g .  2 1 )  1. l'he cell :tccuiriiilation is surrounded 
1)y iiicsetichyiiie :tnd i n  s e ~ e r a l  froiit:iI sections it is without con- 
nection with the or:il epitheliuiit. 

\2'hen the germs ~voult l  later form ii connection only I)et\vec~n 

t h e  incis:tl portions o f  the stel1:rte reticula, :I cel I :tccutnulation 
is swti on e:icIi side of  thr  inid-line, w i t h o u t  connection lvith the 
o i x l  epitheliutii, in :I larger nutiiber o f  frontal sectiotis t h t t n  is 
t h e  c:isc' with fusio partialis (Figs. 1 ;I ;ind h. Test Fig. 1 : Fiisio 
el)itheli:ilis). The :tbsetice ot' t he  unpaired isol:itctl cell :ic(:i~tii~~I:t- 

tion intlic:ttes th:tt t he  connection :icross the iriid-line between 
1 lie centr:rl parts of  the germs is short i n  the l:rhio-lin~u:~l t l i -  
rclclion. Connection ;tcross the mid-line is r i o t  seen it i i t i l  t h e  
geriits :ire connected to  the or:il epitheliutn (Fig.  1 c 1. 

3 I 7'111, rtislrrlrc~r* h l ~ l ~ f l c ~ e ~ l  / 1 1 ( ~  ri{ylrl < I l l t i  I c / /  / l l ~ r l s  o/' / h e  ! / t 'r~lrs  i s  sll l~r.lc,sl .  
b ( i f / i  l i i l i i r t / l ~ ~  i r r i t l  l i i i ~ ~ r t ~ i l / ~ ~ ,  iri /'icsir) p i f r t i i i l i s  f Figs. 2 a : i n t i  c ,  Figs. 1 ;I ; i i i t l  C I  

A s  i t  has been est:ihlishetl t h a t  in older embryos the t1ist:ttice 
is often short I-wtxveen germs that  :ire only coiinectetl : tc i~)ss  t h e  
ttiitl-line by thc stellate reticula, it  is necessary to inclutlt~ t h e  
first two tiiore cert:iin criteria i n  :in?. e\:tluatioii. 

A s  ;I Itwi certain criterion it can be sl;tted th:tt 
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4) T h p  sfnlli connectiiig the germs to  ilie oral epitlielium is ( I S  (7 rille 
iictrrofrwst in f i i s i o  pirtittlis (Figs. 2 c and ( I .  Fig.;. 1 c and d ) .  

Description of one normal and three fused incisor buds in 15 day-old 
mouse embryos on the basis of wax plate reconstructions 

Incisor buds, a s  well as the part of the oral epithelium lying 
opposite the germs, :ire shown in the models and included in the 
description. 

S(JITII,I/ moiise enihr$go (Fig\.  3, 6, 1 3  and 1 7 ) .  

The oral epithelium forms :I trnpezial plate with its hase 1’0s- 
teriorly. The orrrZ (inferior) siirfrrce :is a whole is concaw. The 
posterior two thirds of the surface are without relief, whilst the 
anterior third has  :I iiiet1i:in rounded elevation, separated on  e:ich 
side hy a we:ilc groove froin a low lateral crest. 

The hnsd  surfnce of the epithelial plate, corresponding to the 
junction between epithelium and connective tissue, :is a whole 
is slightly convex (Fig. 13) .  Between the two buds is a n  anterior 
1)rond groove which is replaced closely to the centre of the plate 
by a siiiooth t r imgular  area, which continues posteriorly he- 
tween the huds. Laterally t o  ench bud is :I weak longitiidin:il 
groove. 

The tooth buds are hroad lahio-lingual (:intero-posterior) crests 
with an  apically (upward) and distally free edge (Figs. -5 :inti 6 ) .  
The edge has  a saddle-shaped depression in the iiiiddle and  1:ihi:iI 
and lingual proniinences. The Znbinl end or surface of the crest 
is flat and continues into :I short and narrow incisal (inferior) 
free surface, while the lingu:il end continues to the oral epithe- 
liuiu and forins :I right-angle with its basal surface. The distance 
hetween the two buds is almost twice :IS great lingu:rlly :IS l:ihi- 
ally. 

Fizsio d e n t i i i m  (Figs. 7-13, l4-1(i and  18-20). 

Coflectirie desr ipf ion 01 t h e  orut e j i i the l i i tm  irr the three ferns ( ~ j ’  frzsio 

The oral epithelium forms a trapezia1 plate with a posterior 
base. The surface relief is not pronounced and differs only slight- 
ly froin the relief in the norm:il embryo a t  the same stage. 

The ornl srirf/ice is conc:ive, and its anterior half hns n wide 





A 

velopinent of the mesoderinal portion of the germ has not yet 
begun. It is  hardly likelp that, apar t  from growth, there :we any 
i i n  p or t nn t I ~ i o r p  h 01 ogica I c hn n g es in the e pi t 11 e 1 i u i n  fro in the first 
thickening to  the bud stage studied. The size of the buds in the 
einbryos en ip lo~ed  nnakes the histological examination easier and  
interpretation more certain; seyer:rl of the results presented : ibo~e  
would not emerge froin an  investigation :rt :in earlier stage o f  de- 
velopiiient. With the object of studying the inductive role of the 
neural crest in tooth forinntion, i t  vmuld, however, be of great 
interest to study even younger ( 1 3  days nritl less) exencephalic 
embryos with fusio dentium, 011 the same principles : i s  those fol-  
lowed by Porzrtois ( 1 9 6 1  ant1 1 S(i4) . 
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Fig. 11'. Diagram showing two stages of thc dcvelopment of fusio subtotalis .  

A a n d  13: LTpper incisor germ o f  :i 15 day-old exenceplialic mouse emhryo. 
C end  I ) :  I'pper incisor germ of n 1') day-old exencephalic mouse embryo. 
A arid C :  1,abial view. 
I3 and C :  Lingual view. 

three types of fusio dentiuni it is most likely that the definitive 
Inhial surface is developed from the labial surface of the bud, in 
connection with the labial (anterior) part of the so-called 1ingu:il 
surface, which on the model of fusio totalis is almost horizontal 
(Text Fig. V ) ,  whilst it declines lingually in the other two forms 
(Text Figs. 111 and I\'). Coniplete understanding of all the nior- 
phological changes can, however, only be acquired by reconstruct- 
ing some of the interiiiediate stages. This, in connection with 
studies of mitotic activity in the different parts of the bud, could 
show the relative growth of the various surfaces. 
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gree of histodifferenti:itioii. In those c:ises where the contour is 
rounded or slightly flattened, the teriii 'bud stage' is used. This 
is the case in all 15 day-old eiiibryos. When R distinct concavity 
arises on the geriii surface in frontal sections, the term 'cap 
stage' is used. This is the case in inost of the 16 day-old embryos. 

A s  stated in the earlier study of older eiiibryos, the expression 
fusio dentiuiii refers exclusively to the appearance of the incisor 
gerin a t  the end of prenatal life, without reference to the cause 
or iiiechanisiii of developinent. The present study shows that no 
fusion takes place during the investigated stages of the develop- 
ment, but that apparently right from the start a single gerin i s  
formed, ingrowth of epithelium in the niesenchyiiie only oc- 
curring at one place instead of the normal two places. The out- 
line of the area where epithelial proliferation takes place differs 
according to the type of fusio dentiuiii (Figs. 14, 15 and 16). 

The investigation further shows that it c:in he decided as  early 
a s  the bud stage whether fusio dentiuiii or two separate germs 
will develop. In 15 day-old eiiihryos it is possible to deteriiiine 
with certainty whether frrsio totcrlis or fusio srrbtottrlis will de- 
velop. There is uncertninty regarding frisio p i r f in l i s ,  but un- 
doubtedly application of the criteria mentioned considernbly re- 
duces the uncertainty. 

The definition of fusio dentiuiii established through study of 
older eiiibryos presupposes that all the layers in the enamel or- 
gan, as well as dentine and pulp with odoiitoblasts, cross the 
iiiid-line. The extent to which this occurs in an :inter()-posterior 
(labio-lingual) direction, deteriiiines whether the teriii fusio to- 
talis, subtotalis or partialis is to be applied. The considerable 
reseinblance between an early stage of fusio partialis and ;in 
early stage of germs where the only connection is between the 
incisal parts of the enamel organs iiiay speak for extending the 
fusio dentiuni conception to the latter, which, at :I later stage, 
can be considered :I single, strongly cleft incisor geriii. This pos- 
sibility has  been iiientioned earlier, without linowledge of the 
primitive stages. The considerable siiiiilarity which has  no\% been 
deiiionstrated between bud stages i1i:iltes the problem :I real one. 
It would, however, be unfortunate to alter the earlier definition 
of fusio dentiuin, as  this has proved very useful in study of ilia- 
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tui.e einbryos. A practical solutioti would be to introduce the  
conception f r i s i o  c.pitheli(tlis, thereby retaining the original tlefi- 
n i l i o n  and terins etiiployed for the various degrees of fusio den- 
l i u t i i ,  etiiphasizing the developtiiental siiiiilarity, and :it the same 
titrie indicating that  the connection ;tcross the iiiid-line consists 
of epitheliuiii only. 

'I'his study does not answer the question of the cause of fitsio 
driitiuiii i n  esencel~h:ilic eiiihryos, but it s h o w s  that the l)rocess 
le~iding t o  fusio dentiuin begins early, and that t h e  evolution of 
thc geritis follows a predetermined niorphologic:rl plan, wliich 
is iinliliely to he changed during developineiit. This  investigation 
thtis supports the inore i inportmt conclusions reached on the  
basis of the detailed iiior~~hologicnl study of fusio dentiititi i n  
older e111hryos. 

Histological studies were made of serial sections o f  15 ~~~ 1 6  (lay- 
old iiiouse embryos with esenceph:rly induced by vitainin A over- 
dosage. The ohject was to decide whether it is possible to recog- 
nize ;IS early :is the 1)ud stage the three degrees of fusion of the 
incisor gertiis in the upper jaw which have been deinonstr:itetl 
in  . i1  ( i  of older exencephalic enibryvos. I t  eiiierged that  fusio 
totalis :ind subtotalis can be identified without difficulty :it lhc 
1)ud stage, whilst fusio partialis can be confused with 21 fortii  

which it is suggested be called fusio epithelialis, having :I con- 
riectiori only between the incis:il parts o f  the enaiitel organs of 
otherwise separate incisor germs. Cri terh h:ive been est:il)lished 
for inore certain identification of the two forms. The investiga- 
t ion  s h o w s  that  there is no fusion during the developiiienl of 
fusio dentiutii, hut that  apparently right from the heginning only  
one germ is forined, epithelial ingrowth into the iiieserichyiiw 
occurring :it ;I single spot. The term fusio dentiuiii thus  refers 
to  the appearance of the germ late in prenatal life and not to  the  
developtiientul process itself. 

0 1 1  the hasis of XIS iiiodels :I morl)li~)logic~iI description of the 
hiid stage of :I norni:tl germ m d  ;I representative of each of the  
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three types of fusio deiitiuiii is given. Finirlly, the difficulties 
involved in a iiiore detailed morphological comparison of the 
tooth buds with mature geriiis is discussed. 

HriSry A f t ?  

FUSION DES INCISIVES SUPBRIEURES AU STADE DU BOURGEON OU AU 
STADE DE LA CUPULE DANS DES EMBRYONS DE SOURIS PHBSENTANT 

UNE EXENCBPHALIE PROVOQUBE PAR HYPERVITAMINOSE A 

Des Ctudes histolo~iques de coupes en sbrie d’embryons de sou- 
ris de 15-16 jours prdsentant une exenckplialie provoqube p : ~  
surdosage de vitainine A ont 6tb faites. Le but proposC ktait de 
d6cider s’il est possible de reconnaitre d6s le stade du bourgeon 
les trois degr6s de fusion des geriiies d’incisives supkrieures qui 
ont dtk inis en dvidence chez 51 % des enibryons exenckphaliques 
:I u n  stade plus avancb. 11 apparait que la fusion totale et 1:i fusion 
suhtotale peuvent Ctre identifiees sans difficult6 au stade du bour- 
gem, tandis que la fusion partielle peut pr&ter confusion avec 
m e  foriiie que l’auteur propose de noniiner fusion kpithkliale, oil 
une liaison n’existe qu’au niveau des parties incisives des orgenes 
de I’kiiiail de geriiies d’incisives sbparks par ailleurs. Des critkres 
ont Ctk 6tablis pour perinettre une identification plus sfire de ces 
deux forines. Cette 6tude niontre qu’il ii’y a pas de fusion pendant 
le dkveloppeiiient de la fusion dentaire, iiiais qu’il se foriiie ap- 
pareiiinient dks le d6but un seul germe, la pknktration 6pithCliale 
dans le inksenchyme se produisant en un seul endroit. Le teriiie 
fusion dentilire se rapporte ainsi B l’apparence du germe a un 
stade avnncd de la vie prknntnle, et non au mode de ddveloppe- 
iii en t 1 u i-in& ine . 

En se basaiit sur des nioddes de cire, I’auteur donne une des- 
cription iiiorphologique du stade d u  bourgeon d’un germe normal 
et d’un exeiiiple de chacun des trois types de fusion dentaire. 
Enfin l’auteur discute les difficultks soulevkes par une conipa- 
raison niorphologique plus d6t:iillke des bourgeoiis dentaires ayec 
les geriiies B iiiaturitb. 
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VEKSCHMELZUNG DER OBEREN SCHNEIDEZAHNE IN KNOSPEN. 1 ' N D  
KAI'PENSTADIEN BE1 MAUSEEMBRYONEN MIT EXEN(:EPHAI.IE. DIF: 

I)IlKCH {IREKDOSIERUNC, MIT VITAMIN A HERVORGERUFEN I S 1  

H is t ( ) I  og i sc li e LJ n t ers uc h 11 nge 11 wii rtlen :I 11 sge f ii h rt :in Serien - 
sclinitten voii 15- - - l 6  'I'age alten Mauseeiiihryoneii i i i i t  I 'sence- 
1) h : I I  i e,  he rv( )r ge r 11 fen d ii rc h ii be rd o si eru n g i t i i t  \'it ;I I i i  i i i  A. 1) vr 
Z\veclc w a r  zii entscheiden, ob es  schon in deui I<nosl)ensi:idiiiiii 
iiiiiglicli ist, die drei  Forinen der \'erschiiielzung der Sclt iieide- 
znhn:inl;igen des Oherkiefers, die in c:i. 51 % der iilteren esen- 
ce 1 ) h :i I e t i E i i i  1) ry o tie n n ac 11 gew i e se n wu L' d e 11, z u e r I< e n n (r n. I: s 
zeigt sicli, d a s s  fusio totalis und suhtot:ilis sic11 ohne Scliwicrig- 
1: ei t i n de I i i  I in ospen s t adiu 111 id en  t i f izieren 1 asse n , wiili rend f u si o 
1i:irti:iIis i i i i t  einer Forin verwccliselt wertien kann, die 1ii:in n:ich 
unsereiii \'orschlag fusio epithelialis benennen koiinte, und die 
: ius ciner \'erliindung allein z\visclien den incisulen l'eilen tlcr 
Scliiiielzorgme cler iihrigens getrennten Sclineitlez:ilin~inl:igeii I)?- 
steht. Es werden Kriterien aufgestellt u i i i  niit griissercr Sichet.- 
heit die zwei Foriiien zu itlentifizieren. Die Untersucliung zeigt, 
d:iss wiihrentl der Entwicltlung yon fusio tientium kein \.er- 
schiiielzuiigsprozess vor sich gelit, d a s s  aher voiii Anfang ; i n  n u r  
r i  n e ei nze I ne Z ah na n I:i ge gehi I det wird, i ntle i i i  El) it h el e i n\vu  c li s 
i n  d;is Mesenchyni :in einer einzeliien Stelle vorkoiiiiiit. I>ie Be- 
zeichnuiig fusio clentiuiii hezieht sich so auf d:ts Aussehcn dcr 
Zuhnanlage : t i n  Schluss des einbryonulen Lehens und nicht t i u l  

den Ent~vicklun~s i i iech~inis i i ius .  
A ti f (; r u 11 ti de I' \V :I c h sre I< on s t r u  I< t io ne n g i h t i ii:i n e i n e I i I (  ) r 1) I1 ( )- 

Iogisclir I3eselireibung der linospenstadien einer norinaleti Schiiei- 
dez:ihn:inl:ige uiid eine entsprechende 1Jeschreil)uiig eines \'ertre- 
ters jedcr der drei Foriiien yon fusio dentiuni. Schliesslich m ~ r -  
tien die Schwierigkeiten eriirtert,  die iiiit eiiieiii iiiorpliolo~ischeri 
\'crgleicli der priiiiitiven Anlngen ii i i t  den  Zuhnunlagen i n  iilteren 
Eiii1)ryoneii verbunden sind. 
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List of abbreviations 

A = apical end. 
C = crest (elevation). 
I = incisal end. 
L = labial surface. 
I,I = 1ingu:il surface. 
s = sulcus (depression). 
TR = tooth germ removed. 







Plate 2. 

I:iQ. I ( c o n l i n r i c t l ) .  
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Plate 4. 
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Plate 8. 

Fig. 1 (contiiiuctl) 





Plate 9. 
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Plate 13. 
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Plate 14. 

Fi!qs. 1.i 16. Dra\vitigs o f  the oval epithdiiiiri shown in 12igs. 9 10 and 11 12. 
R:ia:rl vie\\.  The  inciaor germ has hccn rciiiovcd along i ts  cotuncction \\it11 t tic 

q i t l i c l i u t i i .  
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