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The outer, very hard stratum on the crowns of the teeth of 
vertebrates is formed in two fundaiiientally different waysy. In 
fish and Aiiiphihia the organic foundation is laid down by the 
dental papilla. The outer stratum of these teeth is of iiiesoderiiial 
origin and has, therefore, been termed mesodermal enamel. In 
reptiles is, for the first tiiiie in phylogenesis, formed an ectoiier- 
m d  dentnl ennmel. The organic foundation for this enaniel, as 
for that of iiianinials, is laid down by the innermost cell layer 
in the ectodernial part of the tooth gerin, the so-called amelo- 
blast s. 

MATERIAL A N D  AIETHODS 

For this investigation were used teeth from adult animals liv- 
ing in captivity. The teeth were shed in the alligator pool and 
collected froin the mud at the bottoiii when the pool was cleaned. 
Most of the teeth had been kept dry for a varying length of time, 
but soiiie were taken directly froin the water when the work 
started. The teeth were fixed in 4 per cent neutral foriiialdehyd 
for two years or more. 

Teeth large enough to be handled without embedding were cut 
in slices of approxiiiiately 1.5 iiiiii thickness by moistened Joe 
Dandy discs in the hand piece of the dental engine. The slices 
were p o u n d  down to the desired thickness with carborunduni 
on a glass slab, dehydrated, and mounted in Canada balsain. 
-~ ~~ - 
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Siiialler teeth were dehydrated in :ibsolute :ilcohol and zylene 
:ind kept in Heetle Polyester Resin 41 10" for :I couple of d:iys. 
E:ich tooth was then embedded in the resin t o  which w:is :idded 
the prescribed qumt i ty  o f  acceler:itor and c:italyst. Siii:ill rec- 
1:ingul:ir boxes o f  thin aluiiiiiiuiii were used for this 1)rocedurc. 
'I'he speciiiiens were left for two days :it roo111 tei1iper:iIure : ind 
the li:irdeiiing o f  the  blocl<s w w  finished in :mother two tl:iys 
i n  :I therinostat at 50" (1. 

The polyester resin is easy to work with :ind :iir liubbles never 
occur. As the cured resin is very t r a m p r e n t  the tooth enibeddetl 
in it can clearly be seen, and the pl:ine o f  the section c;in eusily 
he deterniined. l'hin slices were cut with ;I diaiiiond iiiipregii;itcd 
disc :ind the further procedure was :IS described uneiiihetltletl 
teeth. 

For the staining W:IS used illoryrnstfJrn'sIi :iq LI eo ti s he iiiii  t ox y l i i i  

for ground sections, or the whole tooth w;is iiiiniersed in 2.5 1)cr 
cent silver nitrule lor :I week before sectioning. 

OBSI.:I~\'A'I'IONS 

The ennriiel forins :I very thin covering over that part o f  thc. 
tooth which projects from the gingiva. It is thickest a t  the tooth 
tip :\lid grndu:illy thins down to :I shwp edge :it the giiigiv:il 
horder. The ~ii:ixiiiiuiii thickness ~ne:isured in the present 1ii:i- 

teri:il wws 0.5 itiiii, but iii iiiost teeth the cn:tiiiel I:iyer WIS 
thinner. 

In :I loiigitudind section o f  a tooth studied with low migiii- 
licatioii light striae with dnrlter intern1edi:ite layers are seen in 
the en:iiiiel (Fig. 1) .  At the tip o f  the tooth p:ir:illel striae sur- 
round the suiiiiiiit o f  the dentin in larger :ind larger curvcs, :ill 
of  theiii beginning and ending at  the deiitino-en;iiiiel junction 
(Fig. 1 a ) .  These curved strine finally re:ich the tooth tip. 

Along the side of the tooth striae are likewise ohservctl ;IS 

p;ir;illel lines starting :it the dentino-en:iliiel junction. 'I'hey 1-1111 

obliquely through the en:iinel iiieetirig the en:iiiiel surf:ice ne:irer 
the tooth tip (Fig. 1 c ) .  

At higher m:ignific;ition the inipression o f  :I co;irse striatioil 

i, Maiiut'tlcturetl 1)y 13riti5li 1nclustri;rl 131;istic\ L l t l . ,  'I'nt Ikirik H o u w .  
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is conveyed by a much closer striation of fine, parallel lines going 
in the sniiie direction (Fig. 2 ) .  The dark fields in Fig. 1 are 
groups of pronouiiced lines (Fig. 2 a )  whereas in  the light fields 
tlie lines :ire much less distinctive (Fig. 2 I)). ?'he individu:il lines 
:ire str:iight or fointly curved and c:in often be followed for cpite 
n long dist:ince without interruption. 

In  :I tronsverse section o f  :I tooth, concentrically :irr:ingetl lines 
o f  r:irying distinctness are dividing the enainel into :ireas re- 
ininding of the dark :ind light fields seen in n longitudinal sec- 
tion (Fig. 3 ;I and I)) .  The individual lines :ire straight or fainlly 
undulated :ind can often he followed continually over ;I wide 

Other lines in the enninel go perpendicularly from the dentino- 
en:iniel junction to the surface of the tooth. In a tr:insverse sec- 
tion they cross tlie concentric*:il stripes at right angles (Fig. 3 d ) .  
They 1i;ive the s;iiiie genernl direction but :ire not absolutely 
p:ir:illel, siiinll deviations froin the str:iiglit course being often 

:iren. 
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observed. In most cases the individual line is visible only for ;I 

short distance. Soiiietitiies, however, one of theiii can he tr:tced 
through the whole thickness of the en:iiiiel (Fig. 3 el .  These lines 
:ire often iiiore distinct than the ordinary ones, and soinetiines 

Fig. 2. Lon#itutlinal g~ouiicl  
seelion. X 960. 21, dark field 
with ~ ~ r o ~ i o u n e e d  incremeiit;il 
lincs in  the enamel; b, light 
field with faint incremental 
lines in tile enamel; c, dcntin. 

two or inore are united in bundles. In iiiore extreme cases they 
reiiiind of the laiiiellae found in iiiaiiiiiialian enamel (Fig. 4 a ) .  
The lines usually end at the dentino-enamel junction. Some o f  
the laiiiellae-lil<e stripes, however, :ire traversing the junction 
:ind can be followed a short distance into the dentin (Fig. 5 :I). 

Lines going from the dentino-enamel junction to the tooth 
surface are also observed in longitudinal sections. Most of the 
stripes can be followed for n short distance only (Fig. 6 a ) ,  hut 
some of theiii run uninterrupted through the whole enamel layer 
(Fig. 7 a ) .  Also in longitudinal sections there are soiiietiiiies 
bundles of stripes reininding of laiiiellae (Fig. 8 a) .  
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Staining of the enaiiiel succeeded only to a small extent, but 
the structural details were in most cases satisfactorily discernible 
in unstained ground sections. Silver nitrate worked better than 
heinatoxylin. After prolonged immersion in the staining solution 
the outer third of the eiiaiiiel layer took a diffuse color (Fig. 9 a> .  

Fig. 3. Transverse ground section. X 360. a, dark field with pronounced 
incremental lines in the enamel ; t), light field with faint incrcinental lines; 
c, dentin; d, perpendicular fiber in the enamel; c, perpendicular fiber 

traceable through the whole enamel layer. 

The stain adv:inced along the lamellae-like stripes or followed 
cracks in  the enamel to the dentino-enamel junction and spread 
out along the junction, often over a wide area, and iuostly on the 
dentinal side of the junction (Fig. 9 b ) .  

From the dentino-ennniel junction the stain followed odd trans- 
versal stripes for a short distance toward the surface (Fig. 9 c) .  
These partially stained stripes are often found some distance 
froiii the entrance of the stain to the dentino-enamel junction 
(Fig. 10 b) ,  and in soiiie places they seem to be continuous with 
teriiiinal branches of dentinal fibers thus reminding of the den- 
tinal fibers in iiiaiiiiiialian enamel (Fig. 11 b) .  

DISCUSSION 

The striae seen in longitudinal sections of the enniiiel sur- 
rounding the tip of the dentin and running obliquely through 
the enamel at  the side of the tooth (Figs. 1 and 2)  hnve much 
in coiiiiiioii with the concentrical lines in the enamel in trans- 

4 - drtu otlonl. Scum!. I b l .  17 
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verse sections of the tooth (Fig. 3) .  Compared with the outline 
of the enamel matrix a t  different developmental stages$. 5 ,  it 
seeiiis obvious that each stria is a section through a layer of 
enamel which was deposited at  the same time. The striae are, 

a 

Fig. 4. 'I'ranbvcrse ground sec- b tion. x 360. a, lumella-like struc- 
ture in the enamel; b, dentin. 

therefore, incremental lines of the saiiie nature a s  the lines of 
Retzius in iiiaiiiiiialian enamel. 

The increiiiental lines were not observed in the enniiiel inntrix 
during the foriiiationl, they becoiiie visible only ;ifter decalcificn- 
tion. They most likely come into existence by variations in the 
degree of calcification. I t  was, however, iiiipossible to get the less 
calcified incremental lines stained. 

Po0Ze9 in Agnmri citricollis found the incremental lines already 
in the enmiel mntrix ;IS "wide zones with the typical staining 
properties of the matrix separated by lines which do  not stain 
so readily". In the inatrix immediately before the final culcifica- 
tion the striae could be seen clearly. 
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Schriltelo describes in crocodile both the concentrical lines in 
transverse sections and the longitudinal lines in longitudinal sec- 
tions :IS fibers. ErZer? found a ”Wachstuinsschichtung” in cro- 
codile en:nnel both in transverse and in longitudinal sections of 

a 

Fig. 5. Transverse ground sec- 
tion. X 180. a, lamella-like struc- 
ture in the enamel traversing 
the deiitino-enamel junction ; 11, 
dent in. 

b 

the tooth. She writes further: ”Ausser der Wachstumsschichtun~ 
bieten Langsschliffe eine Schriigstreifiing dar, die ani Querschliff 
nicht wahrnehinbar ist” (p.  595). These two kinds of stri a t’ ion 
could not be demonstrated in alligator where the incremental 
lines in longitudinal sections had an oblique direction along the 
side of the tooth (Fig. 1 c) .  Bradford’ in the enainel of 4ZZigator 
rnississippicnsis found an increiiiental pattern only near to the 
cervix. In the present inaterial the distinctness of the structures 
varied greatly, possibly due to sollie variation in calcification. 
The cervical part of the enamel is the last to be formed and. 
therefore, to be calcified, which iiiay account for Bradford’s1 
observation. In the en:imel of some extinct niamnial-like reptiles 
Pooles found very thin ”layer lines” running parallel with the 
surface. They were probably incremental lines. 

The lines running perpendicularly from the dentino-enamel 
junction to the surface in longitudinal as well as in transverse 
sections of the teeth (Figs. 3 d  and G a)  in most cases can be 
followed for a short distance only. A few of them, however, are 



52 THORVALU KVAM 

visible through the whole enaiiiel layer (Figs. 3 e and 7 3). This 
m:iy indicate that the lines are fibers going from the dentino- 
enaiiiel junction to tlie surface, but only in rare cases does the 
whole length of the fiber lie in the plane of the section. 

a 

b 

During the developnient of the alligator en:iiiielr fibers were 
deliionstrated starting :IS tonofibrils in the :inieloblasts :ind con- 
tinuing :is fibers in the enaiiiel iiiatrix running perpendicu1:irly 
to tlie longitudinal direction of the tooth. The fibers in the enaiiicl 
matrix very likely reiliain in the calcified enaiiiel :is the fihers 
denionstrated in this paper. 

A s  mentioned it was iiiipossible to get the en:iniel fibers slain- 
ed, except for an occnsioniil retrograde staining from the dentino- 
enaiiiel junction (Fig. 0 c ) .  This iiiay indicate that the fibers 
:ire too strongly calcified to be penetrated by the staining solu- 
tion. There is, however, :ilso the possibility that the right stain- 
ing method has  not been found. 

ErZerz is of opinion that  the striae perpendiculnr to the incrc- 
iiienlal lines :ire composed of very tiny, closed cavities cont:iining 
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air. The observation of fibers in the enainel iiintrix giving rise 
to these striae, however, makes the correctness of Erler’sz view 
dubious. 

Pool@ eximined in polarized light the enainel of extinct rep- 

a 

b 

tiles and found :I pattern described a s  alternating black and 
white lines perpendicular to the enaiiiel surface. According to 
his  pliotoinicroWraphs the dark lines iiiay well be very coarse 
fibers of the same kind as those found in dligntor. In the enaniel 
matrix of A yumn citricollis Pooleg distinguishes between alternat- 
ing light :inti clark stripes resulting from refraction and running 
vertic:illy to the tooth surface, and fibers running in  the smiie 
direction. 

The I:uiiellae-like structures often have a great resenib1:ince 
to the 1:iniellae of  inaiiimn1i:in teeth (Fig. 4 a) ,  but in contrast 
to the latter they :ippear as often in longitudinal a s  in trans- 
verse sections. They c m ,  therefore, not have the same extent :IS 
in:uiinialinn lariiellae which ”extend in :I longitudinal and r:idial 
direction of the tooth, froiu the tip of the crown toward the 
cervical region”: :ind are  usu:illy observed only in transverse 
sections of the tooth. 
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It  is possible that the laniellae-like striae :ire bundles of coarse 
fibers that are less calcified than the rest of the enamel fibers 
since the stain passes along thein so readily (Fig. 9 ) .  Scliitltel'l 
describes the lainellae-like striae a s  cracks containing co:irse 

a 

b 

fibers which he c l a i m  to have deiiionstr:itetl after h:iving dis- 
solved the rest o f  the enaiiiel in 5 per cent nitric acid. E'rler:! 
was of opinion that the I:imelIne-lilte striae were either artificinl 
cracks or airfilled tuhes foriiiing :in integral part o f  the enaiiiel. 
The Inniell:ie-lilte striae were not observed during enniiiel de- 
velopment in :dIigator4 and they do not, therefore, form :in in- 
tegral part o f  the developmental pattern in the saiiie way :IS 
Bradford1 found in the enaiiiel of Crocotliliis :ind \'armits. 

The laiiiellae-like striae were more numerous in sections from 
teeth which had been kept dry for a long time than from teeth 
which had been lying in water or fixation agent between shed- 
ding and sectioning. As dry enainel must be presumed to cr:icl< 
iiiore easily than enamel soaked with moisture, this indicates 
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that soiiie of the lamellae-like striae are  cracks formed after the 
shedding of the teeth. The laniellae-like structures which tra- 
verse the dentino-enamel junction and extend into the dentin 
(Fig. 5 )  are most prohably cracks. 

The teeth in the present iii:iteri:il often lacked enamel :it the 

Fig. D. Longitutlinal ground section stained with silver nitrate. X 360. i t ,  
outer third of tile enamel diffusely stained; I), stained lainelln-like structure 
and sprcatling out of stain o i l  the  t1entiii:il side of thc tleiitiiio-eii:imel 
junction; c, retrograde staining o f  perpendiculur fiber from tlentiiio-enamel 

junction ; ti, dentin. 

Fig. 10. 1,ongitudinal ground section 
stained with silver nitrate. X 360. a, 
stain from lamella-like structure 
spreading out along the dentiniil side 
of  the tlentiiio-enamel junction ; h, 
retrograde staining of perpendicular 
enamel fiber. 
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tip which indicates :I violent use of the functioning tooth. Such 
extreme force acting on :I tooth iiiay well produce cracks in the 
enaiiiel which will show in the sections. The grinding of the 
speciniens will also in most cases cause cracks even when care- 
fully performed. There :ire thus so ninny possibilities for cracks 

Fig. 1 1 .  I,oiigiludiiiul ground section 
staiiied with silver nitrate. X 360. ;I. 
stain from 1;iIiielI:i-like structure 
spre;idiiig out along both sit1c.s o f  the 
tlentiiio-eii~uiiel junetioii : 1). ret rogratlr 
staining of perpcntlicular cniimel fiber 
seemingly continuous witti dciitiii;il 
f ibers. 

in ground sections of alligator enamel that iii:iny of tlie 1:imellac.- 
like striae must be presuiiied to  lie :irtif:icts. 

SchiiZtc~1u is of opinion that dentinal fibers yery frequently 
cross tlie dentino-enoiiiel junction :ind end just inside the enaiiiel. 
AII a p p r e n t  continu:ition of dentinal fibers into the enamel w:is 
often observed in the present material. Upon closer examination 
it :ilways turned out to he teriiiiiial br:inclies of dentinal fibers 
ending near the dentino-enamel junction which happened to  bc 
continuous with tr:insvers:il fibers of the enainel retrogradely 
sh ined  for :I short distance (Fig. 11 1)). 

Schirlteln cl:ii ins to have deiiionstr:~ tetl t u f  I s  (, Schnielzfnscr- 



biischel ) in the innermost, frequently very transparent layer of 
the ensmel. These structures are  easily observed in polarized 
light, bu t  c:in also be seen in ordinary light (Fig. 12 a) .  A close 
examinntion reveals that whut Schrilte1') describes :IS tufts are  
the innermost part of the trunsverse fibers of the enniiiel which 

Fig. 12. Longitudinal grouiitl 
section. S 360. ii, transparent 
enamel close to  dcntiiio-eii- 
amel juiictioii with faint pcr- 
pentlieulor fibers ; b, dentin. 

are  less distinct in the tr:insp:irent inner layer, but which can 
be traced continually into the tr:insverse fibers in the outer part 
of the enamel. 

All earlier investigators :igree that reptilian enaiiiel is devoid 
of the prisiiis seen in  iii:iiniii;ilian en:imel. The study of the pre- 
sent 1iinteri;il corroborates this view. 

srlI1lARY 

In the dental enamel of ,lZligntor nzississiypic~nsis Daud. in- 
cremental lines surround the tip of the dentin, beginning and 
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ending at the dentino-enamel junction. Along the side o f  the 
tooth the increiiiental lines run obliquely from the dentino- 
enamel junction to  the enanicl surface nearer the tooth tip. 

The enamel is traversed by fibers running perpendicularly 
froni the dentino-enaniel junction to the surface. In the saiiie 
direction :ire seen lamellae-like striae. 

LES DENTS DE L’ALLIGATOR MISSISSIPPI ENSLS DAUD. 
V. LA MORPHOLOGIE DE L’EMAIL 

Dans I’dinail dentaire de 1’A lligutor rnississippiensis Daud., dcs 
lignes de croissmce entouren t I’extrdaiitd de I:i dentine, coiii- 

1iienq:int et se terminant h I:i jonction dentine-din:iil. Le long du 
cOtC tie I:I dent, les lignes de croissance vont obliqueiiient de I:\ 
jonction dentine-diiinil h 1:i surface de I’dniail 1:i plus proche dc 
I’extrdiiiiti. de hi dent. 

L’diiiail est traversd de fibres :illant perpendicu1:iireiiient tic 
la jonction dentine4m:iil h I:I surf:rce. Suivant I:i i i i h e  direction 
on observe des stries resseniblant h des lamelles. 

Z lr S A $1 BI EN FA S S I’ N G 

DIE ZAHNE VON ALLIGATOR MISSISSIPPIENSIS DAIJD. 
V. DIE MORPHOLOGIE DES SCHMELZES 

Den Schmelz :iuf dem Denlinhiicker der Ziihne von d Zlignfor 
missi.s.siPpiensis Daud. durchziehen W:ichstuiiislinien, die a n  der 
Sclinielz-1)entingrenze beginnen und enden. Entlang der Kro- 
nenseite laufen die Wachstuiiislinien schriig von der Schinelz- 
llentingrenze nnch der freien Scliiiielzol~erfliiclic niiher die Zahn- 
spitze. 

Der Schmelz ist von Fasern durchzogen, die senlirecht \’on rlcr 
Srhmelz-Dentingrenze nuch der Schmelzoberfliiche gehen. I n  der- 
selben Richtung verlaufen Iniiielleniilinliclie Streifen. 
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