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INTRODUCTION 

Several investigators have compared prism diameters on the inner and outer 
enamel surfaces, sometimes in unspecified zones of the enamel. They have 
arrived at different conclusions concerning the ratio between the mean prism 
diameters on the inner and outer surfaces in such zones. In  the literature 
there are also conflicting opinions concerning the ratio between the total 
number of prisms on the outer surface and the total number on the inner 
surface. 

Von Ebner (1899) maintained that every prism rod runs unbroken from 
the inner to the outer enamel surface. 

Pickerill (1913) tried to compare prism diameters on the inner and outer 
enamel surfaces with the areas of these surfaces. He stated that he had mea- 
sured prism diameters on both surfaces of a great number of teeth. The 
measurements were conducted on the buccal surface of human teeth. He 
fond a mean prism diameter of 3 . 1 , ~  at the dentinoenamel junction and 
a mean diameter of 5 . 7 ~  on the outer surface. The ratio between these two 
values was 1:1.83. 

He then measured the length of the ainelodentinal junction from the 
cemento-enameI junction to the apex of the dentinal cusp, and the corre- 
sponding length from the cemento-enamel junction to the apex of the enamel 
cusp on the outer surface. The ratio between these lengths was 1:1.76. 
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Pickerill stated further, that the difference between prism diameters on 
the inner and outer enamel surfaces was particularly great in the cuspal zone. 
In this zone his means were 2.5 ,~  on the inner and 6 . 5 , ~ ~  on the outer sur- 
face. Pickerill’s measurements were conducted on longitudinal tooth sec- 
tions. He concluded that the centrifugal growth of prism diameters is a 
sufficient compensation for tlie difference in area between the inner and 
outer enamel surfaces. 

Dewey (1914) was of the opinion that the total number of prisms on the 
outer surface is higher than the total number on the inner surface. 

Lewis and Stiihr (1914) believed that the difference in area between the 
inner and outer surface is partly compensated by a faint growth of the in- 
dividual prisms centrifugally, but also by supplementary prisms on the 
outer surface. 

Mummery (1919) had observed prism rods that furcated towards the 
outer surface. According to his opinion such furcations were the origins 
of supplementary prisms. 

Andreuis (1919) refuted Pickerill’s conclusions, since he himself had seen 
many supplementary prisms in developing enamel. He had counted 19 
prisms within a given area near the amelodentinal junction and 24 prisms 
within an area of the same extent near the outer enamel surface. He con- 
cluded from this experiment that supplementary prisms exist on the outer 
surface. 

Noyes and Thomas (1921) stated that the prism rods were of the same 
diameter at the outer and inner ends. Apart from the existence of supple- 
mentary prisms on the outer enamel surface, Noyes asserted that a surface 
expansion came into existence since the prism rods were seldom perpendic- 
ularly orientated to the outer surface. 

Broomell and Fischelis (1922) supported the theory of supplementary 
prisms. 

Chase (1924) stated that tlie prevailing contemporary belief was that the 
difference in area between outer and inner surfaces was compensated by 
supplementary prisms on the outer surface. In the same paper he published 
results that were contradictory to this view. In his investigations lie had used 
20p thick ground sections of human teeth which were cut in the transversal, 
labio-lingual and mesio-distal planes. In one experiment Chase applied a 
modification of Pickerill’s method. I Ie counted the number of prisms along 
a certain distance parallel to the outer and inner surfaces. From the resultant 
values he calculated a mean prism diameter for each surface. In  the same 
region where such countings had been carried out, he measured the lengths 
of the amelodentinal junction and of the outer enamel circumference. The 
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ratio between these lengths was then compared with the ratio hetween the 
mean prism diameters of the inner and outer enamel surfaces. The latter 
ratio equalled 1:1.23, while the ratio between tlie lengths of the inner and 
outer circumferences eqiiallecl 1 :1.27. Chase made it clear that the inter- 
prismatic substance had been included in the measurements of the prism 
diameters. 

Chase’s second method was a direct count of longitudinally sectioned 
prisms along the outer and iriner borders of the enamel in transversal ground 
sections where the enamel had been ))segmented)) by cracks parallel to the 
prism directions. In  each segment the prisms were counted along the inner 
and outer enamel borders. For each segment Chase found that the numbers 
were practically equal. He concluded that there are no supplementary prisms 
on the outer enamel surface, arid that the difference in area between the 
inner and outer surfaces is mainly compensated by the centrifugal growth 
of tlie prism diameters. 

His reservations was, however, that to a lesser degree the difference in 
area is caused by the angle between the prism rods and the outer surface, 
while the rods run pe rpd icu la r ly  from the inner surface. He concluded 
also that the interprismatic substance does not contribute to  tlie growth 
of the area. 

Hopewell-Smith (1926) contended that there are supplementary prisms 
on tlie outer surface. 

Yosida (1938) measured prisms diameters on a high number of human 
and animal teeth on both enamel surfaces. His measurements were con- 
ducted in a cervical and a cuspal zone. IIe concluded that the prism diame- 
ters in the cervical zone are generally greater than in the c u s p 1  zone. IIe 
concluded further that the prism diameters are generally greater on the outer 
than on the inner surface. 

Sij,ss (1939) developed a me.thod to determine the ratio between the areas 
of the inner and the outer enamel surfaces of one tooth. He applied his 
method to  a dog’s canine and found a ratio of 1:1.31. He did not, however, 
try to calculate the numher of prisms on these surfaces, but stated that he 
had not observed any difference in prism diameters. He contended that the 
curvature of prism rods sufficiently cornpensated for the difference in area. 

Wolf (1942) agreed with Siiss that there is no difference in prism diame- 
ter on the inner and outsr eriamol surfaces, but did not accept his theory 
of prism deflections as the cause of the centrifugal increase of surface area, 
pointing out that the course of the prism rods is quite perpendicular to the 
outer surface. Instead he presented his )AJmreihungstheorie)), which said 
that the centrifugal increase of the enamel surface is caused by a transversal 
shifting of prism layers during amelogenesis. 
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Quiglcy (1959) (lid not firitl any difference in diameter hetween prisms 
on the outer antl inner surfaces of developing enamel by his electron-niicro- 
scopical studies. 

FOSSL' (1964) tried to calculate the total number of prisms on the outer 
antl inner enamel surfaces of one tooth by ineasuririg the surface areas, ant1 
hy counting the linear number of prisms in numerous places. 'Hie results 
from two teeth were presented. The same method was later applied to a third 
specimen, a bicuspid, the data from which will be included in this survey. 
All specimens were human permanent teeth. 

The 1st was a peg-shaped incisor. The calculated mean number of prisms 
per unit area on the outer surface was 29,584/mm2 and on  the inner surface 
51,529/mm2. 

The 2nd specimen was a normal bicuspid. The mean number of prism:. 
on its outer surface was 21,904/nmP, antl on the inner 47,089/mm2. 

For the third specimen, also a normal bicuspid, was calculated 19,880/mni2 
on the outer surface, and 44.,520/mm2 on the inner surface. 

In each of these three experiments the author found that the calculated 
total numher of prisms on the inner surface exceeded the calculated number 
on the outer surface by approximately 10 yo. 

Among the authors quoted above only Pickerill, Chase and Fosse actually 
tried to define the ratio between tlie total number of prisms on the outer 
surface and the total number of prisms on the inner surface of me given 
tooth. The results of these three authors indicated that there are no sup1)le- 
mentary prisms on the outer surface, ant1 that the centrifugal increase of 
prism diameters is a sufficient compensation for the difference in area he- 
tween the outer a i d  inner enamel surfaces. 

In part IV the present author described the variation in the number of 
prisms per unit area, or prism density, on the outer enamel surface of one 
tooth, ancl compared the results for specific regions with other tectli of the 
catne type. The results indicated that the prism density varied with the 
thickness and curvature of the enanid. This might be expected if the num- 
ber of prisms on the outer surface equalled the number of prisms on the 
inner surface, ancl if the prism density on the iruier surface was fairly con 
stant. 

Since neither of the latter assumptions has been proven, it seemed tlesir- 
able to compare the derisities on the inner and outer surfaces of one tooth 
in definite zones of tlie enamel, antl to compare Iirism densities in tliffercnt 
regions on the inner surface of m e  and the same tooth. 

By means of the metliotl described in part 111, tlie author intended to 
establish if the numerical prism density were lower on the outer than on the 
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inner enamel surface of one tooth in places where there had been an actual 
local growth of enamel surface during amelogenesis and if, on the other 
hand, the prism densities were relatively equal on the two surfaces in places 
where no surface growth had occurred. 

It was also the object to find out if the vertical compression of the prism 
pattern demonstrated on the outer enamel surface (cf. part IV) were absent 
on the inner enamel surface. 

Furthermore it seemed desirable to know whether the local variation in 
prism size found on the outer enamel surface were greater or smaller on the 
inner enamel surface. 

The final aim was to establish if there were a significant difference between 
prism densities in different regions on the inner enamel surface. 

MATERIAL 

In  part IV t l i e  author descrihed the prism densities in specific regions on 
the outer enamel surface of 4 maxillary human permanent canines. These 
teeth were designated by the symbols C,, Cz, C3 and C4. 

For the study to be described in this paper C, and C4 were selected to- 
gether with a third seemingly normal human permanent maxillary canine 
not included in the study described in part IV. A young dog’s maxillary 
permanent canine was included in the present study. This latter specimen 
will henceforth be designated by Cc. 

METHODS 

The calculation of prism density, pattern und diameters 
In part I11 the author described his method of expressing the number of 

cross sectioned prisms per unit area, their distributional pattern and their 
diameters by measuring the central distances between pairs of adjacent 
prisms within photographed enamel regions of a given area. In  the present 
investigation the constant area of the regions was 26,817 ,u2. 

He demonstrated that the prism density could be represented by three 
slightly different expressions, each based upoii a particular method of cal- 
culation and symbolized by adyx, areg and (agr). In this paper only one 
of them will be used in graphs and in statistical comparisons betbeen re- 
gional prism densities. This expression is a mean value and is symbolized 
by (agr). The standard deviation is written Sagr. 

In the tables of this paper the prism density of each region is expressed 
by tlie (agr)-value and, as a control, also by the areg-value. The areg- 
values have been included since they are probably better estimates of the 
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triie regional prism densities, and sitwe they correspond more truly to tlir 
(Il)-values, or the mean regional central distances. 

The rinrnbers of rneusureti triangles anti plotted prism g r w p  in each 
rrgion have been includetl in  the ta1)les. ‘The tables also present the mean 
regional cornpression ratio (K) and tlie slantlard deviation SK. Also in- 
clurled are the mean regional central distances (D) and tlie staridartl 
deviation SD. (n) means prism diameter under certain assumptions, 
(cf. part 111). 

Marking and orirn Lation of dryith serics 

111 the Gilliiigs sectioning machine a 600 ,u thick section in the median 
labio-lingual plane %-as cut from each liiiinaii tooth. Each section was em- 
hxlded in a plastic column with one of its cut  surfaces in tlie upper surface 
o f  the column (cf. parts I and 11). 

Fig. 1 is a pliotograpliic representation of tlie embedded median sectioii 
of C,. It is perhaps 1)ossilde to discern the four straight lines engraved in 
the enamel. Each of these lines follows the main prism direction in its area. 
This is better demonstrated by Fig. 2 wliicli represents the area of the gingivo- 
labia1 line in Fig. 1 with a liiglier magnification. 

Fig. 1. l h e  labio-lingual, median section of C,, a human permanent canine, embedded in a 
plastic column. In four positions defined in the text havc been ruled straight lines following 

the main prism course. These lines are called guide lines. 
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Fig. 2. The gingivolahial guide line in the median section of C,, with a higher magnification. 
This area is called position 2 in the text. 
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The lines engraved in the prism directions will henceforth he called guide 
lines. They cross the outer enamel surface in positions that approximately 
correspond to regions 2, 7, 13 and 15, whose sites have been defined by this 
author in part IV .  Consequently the 4 enamel areas will henceforth he called 
position 2, position 7 arid so forth. 

‘The permanent canine of a clog is rriorphologically quite different from 
a lininan canine. Its crown is curved distally so that tlie nearest approxima- 
tion to a plane of symmetry is orientated in a mesio-distal direction. Accortl- 
ingly C, has heen cut in this plane. For this reason the regions numbered 
2, 7, 13 and 15 are not situated or1 the labial arid palatirial surfaces of C,.. 
However, their positions relative to the cernento-enamel junction and tlir 
tip of the crown corresporicl to  the definition given for the hninan permanent 
canines (cf. part IV). 

Fig. 3 represents tlie section of Cc and may demonstrate that the lines 
which follow the 1)rism course are nearly perpendicular to the arnelotlentinal 
junction. 

t h i s  of C,, C, and Cc was engraved, 
across each guide line, a short line parallel I o the ainelodentinal junction 

In the plastic surrounding tlie 

Fig. 3 .  The mesio-distal section of Cc, :L dog’s permanent canine, ernlieclded in a plastic r d -  
umn.  The 4 guide lines following the main prism directions are nearly perpendicular to the 

;rmrlodentinal jiinction and the oiitrr rnarriel surface. 
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where the latter was crossed hy the guide line. These lines will he called 
tangent lines. 

From each position a series of planoparallel surfaces was to he ground 
towards the anielocientinal junction. The ground surfaces were to he per- 
pmclicular to the median section plane and parallel to the tangent line. The 
guide line was intended to serve as a reference point while photographing 
a section of each ground surface. 

The engraving of visihle reference 1inc.s in dental f~nc i rn f~ l  

Fig. 4 is a photographic representation of the 25 x ohjective of the micro- 
scope. The letter A designates a riffled brass ring fitted to the front tube of 
the t31wcopic ohjective. The brass ring carries a small pointed diarnonrl in 
its cylindrical setting, designated by the lttter B. The h a s  ring is provitietl 
with two small set screws, not visihlc in the photograph. Oiir of the set 

Fig. 4. The 2 5 ~  Leitz telescopic objective provided with a hrass ring designated by the let- 
ter -4. The letter B designates the cylindrical setting of a diamond point. The brass ring is 
locked to the front tube of the objective. When thc objective is lowered helow the focal plane, 
the diamond point is resting on the object with a pressure equal to the weight of thc front 
tube and the brass ring, since the intcrnal extension spring of the objective has been removed. 

A straight line is thus e n g r a d  in the object when the stage is shifted. 



screws serves to lock the ring t o  the front tuhe. The second set s r r e i i  serves 
to lock the cylindrical setting of the diairioiicl at tlie desired height over the 
ohject. ‘This height corresponds to a position where the point of the diatriontl 
is siisperidecl midway lwtweeii the upper siirface of the object and tlie front 
of the objective when in focus. 

To engrave a line in a given direction and positiori on the enamel burface, 
the plastic coluiriii was rotated on a stage so that the desired direction co- 
incided with one of the two rnairi tlirectioris of stage movement. The coliinin 
was tlieti loel<ed in this position on the slide hy Kerr resin. The stage was 
raised so that the diamond point was resting on I he object. The pressure was 
equal to the weight of the  front tube %-it11 tlie llrass ring, sirice the extension 
spring within the ohjective liatl been rernoved. The stage was shifted in the 
desired direction a distance iritlicotetl by tlie corresporiding stage microcator 
(see Fig. 1, 1w-t 11). Previously the h s s  ring had heen adjiisl.ec1 so that the 
eiigraved line woultl 1) throiigh the centcr of tlie optical field. The Iiori- 
eorital distance between the point of tlie rliarnoncl and the optical center 
was l a o w i  ant1 hat1 to  be takcn into consiileration. 

1;ig. 5. The incriiari srction of‘ C, in the plastic rdurnn after the sectioning along the tangent 
lines. ‘The tangent lincs arc  parallel \+ith the anielodentinal junction in the positions whew 
thc latter i s  crosscd by thr guidc lines. In addition to the tangential sectioning, the sperirnen 

is srctioned along threr wntral partitiiin lines to srparatc thc 4 positions. 
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Prtymation of the 4 depth series 

The rectangular plastic object carrier of tlie Gillings iectioning niachine w a s  
placed like an ordinary ilicle on tlie stage of the microscope. The plastic 
column was placed with its flat base 011 the carrier. ' lhe column was thcri 
rotated s o  that one of the four tangent lines was directed 90" to the laterdl 
Ytage rnoveinent. The  tangent line would thus coincide with the feetling 
direction of the iectioiiing machine. In thii  position the c olumii w d i  locket1 
I)y Kerr resin to  the carrier, arid srctioned along the tarigmt line perpm(lic - 
iilarly to tlie iipl)er siirfxe. This procedure was repe,,tecl for all 4 ar ' a s .  

Fig. 5 is a photogralihic representation of the median section of C,, J f t t  Y 

the iectioning along the tang-nt lines had 1~een carried out. The colutnn 
~ l s o  cut along tliree partition lines, separating the 4 iectors. ?'he deptli of 
all cuts was half the height of the column. 

By meails of the  stage iiiicrocators, tlie per1ieii(Iiciilar distance between 
ths tangential cut  atitl the point of intersection between the guide line antl 
the airielodeiitinal jiiIii*tiori was measured in each x e d .  

The final seliaration of tlie 4 sectors of eriariiel including positions 2, 7 ,  
13 and 15 was carried ou t  by sectioning tlie column along a plane T+hich w a i  
plmoparallel to the upper surface. The tlistancc hetween the upper si irfxe 
antl the latter section 1)laie va- 5 nini. 

 is enibetldetl in its o \+n  plastic column, the 
tangential section plane heing i r i  the upper siirface of the new column. 'I'liui 
tlic vertir'il distance from the upper su r fxe  to the point of intersection lw- 
tJ+eeii tlie guitle line antl the arnelotlentinal junctioii \+as bno~+n.  

Edch of the resultant pi 

Fig. 6. The enatncl scctor of position 7 separated from the median scction and embedded with 
the surfacc of thc tangent section in the upper smface of the new plastic column. The spheri- 
cal Lody is a steel ball used ti) weigh down thc scctor during the polymerization process. 
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Fig. 6 is a photographic reprcsentatioii of the piece with the enamel of 
position 7 in its plastic colui~~ii .  This photograph demonstriites t.he thickness 
of the original median section. The splierical body is a sinall iron hall serving 
t o  press down the section during the polymerization process. 

The depth series of ground siirfaces with an interproxirnate distance of 

100 ,LL was prepared in the lapping triachirie constructed by this author and 
ribed in part I. Each ground enarriel siirface was etched by 5.2 7" HNO, 

for 10 secs. arid stained in lIarris liaematosylin for 30 sew.  

Microp hotogrup h-y oj" rcgion .Y it li in t hr g-ro urid s iq f<Lcps 

The guide lines was seen as  a fairit indentation at the border of the groiiritl 
and stained enamel siirface. l o  f;icilitate recognition of the profile of the 
guide line in the first of a series of groiind siirfaces, its position on the outer 
enamel surface in relation t o  t h e  extreme ends of the enamel sector hctl hern 
determined prior to the final einlretltling. Lac11 pliotornicrograph in a stries 
was talceii with the 1)rofile in a fixed position i i i  the photograplied area. 

In Pigs. 7 antl 8 which represent the first antl the last ground snrfaces i n  
the series of position 2 that starts froin region 2 on C,, the profile has h e n  
indicated by an arrow. Each grountl surfwe was photographed with the Txitz 
Ultropak 22 x ohjective. 

RESULTS 

Thc rcJgion.tiI Iwisrti rlcrrsiiic~s r u i d  p t t ( w i s  it!, i& (IiJIith scvies 
'Hi? first siirface of each keries ~ v a s  groiiritl ap1)roxitnately 100 ,i( 1)etieatli 
tlie proper outer siirface. 

1"igs. 7 and 8 are i)liotogralhic representations of the first and last grountl 
siirfaces in the depth series in positioii 2 on C,. This series (:on 
siirfiices. 

Figs. 9 untl 10 rel)resent the first ant1 the lust of 12 ground surfaces in thc 
scriea in position 7 .  

In  the same iiianrier Figs. 11 and 12 represent the series in position 13, 
consisting of 10 surfaces, while Figs. 13 and 14 represent tlie series in p s i -  
tion 15, coiisistiiig of 7 surfaces. In each series the iiitcrproximate distance 
lwtwren tlie groiiiitl surfaces was constantly 100 ,u. 

On C, arid C:, was ~)hotogra~)hetl the first ground surface in each position. 
'Then thc enamel was ground directly down to thc amclodcntinal junction 
ant1 ptiotograplierl. On these specimens, therefore, only the oiitcr arid inricr 
enamel surfaces w r e  represented for each region. Figs. 15 and 16 represent 
the outer and inner surfaces in position 2 on C,;. Fig.. 17 a r i d  18 reprcsctit 
the outer and inner surfaces in position 13 on C,. 
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In Table I are listed the areg-, (agr)-, Sagr-, (K)- and (D)-values 
for the depth series in position 2 on C, arid the outer and inner enamel stir- 
faces in the location of the same number on C, and C,. The first column lists 
the depth from the outer enamel surface. 

In  Tables 11, I11 and IV are lisied the data of the series in positions 7, 13 
and 15 on C,, C, arid Cc. 

Figs. 19 ,20 ,21  and 22 are graphical representations of the (agr)-values 
and their double standard deviatioris added and subtracted in tlie depth 
reries in positions 2, 7, 13 arid 15 on C,. 

Fig. 23 is u graphical representation of the prism densities on tlie outer 
arid inner surfaces in the 4 positions on C,. 

In the same manner Fig. 24 represents the prism densities of C,. 
Tatin,g of (agr)-vnlues in the depth series of C,. Figs. 19, 20 and 22 

representing positions 2, 7 and 15, demonstrate a gradual increase of prism 
density towards the amelodentinal jiinction. 

According to Fig. 21 no such trend was demonstrable in the depth series 
in position 13. 

Table I. 
Theprism density, the r'ertirol cornpi-ession ojprismpntterra and the central distunces hetween 
adjacent prisms in series of ground surfaces towar& [he dentine in. position 2 an fu)o l~unurn 
permanent canines designated hy C, and C,. and one do,q'.s permanent canine designaled 
by C,. On C, the sui-faces constitute a continuous series towards the dentine. On C, trnd C ,  

the series are represented hy the oiiler and the inner enamel surfilces only. 

100 88 
200 08 
300 100 
400 126 

600 1.53 
700 160 
800 126 
900 64 

c, 500 130 

10 
11 
13 
15 
15 
17 
17 
15 
10 

C, 100 78 
600 84 

7 
14 

31520 
33167 
34800 
36-554 
39150 
40757 
42625 
47036 
44562 

32081 
53686 

31586 
32696 
35178 
37373 
39047 
41258 
42278 
47509 
42788 
-- 
,32247 
551 17 

1965 
3202 
3027 
4335 

3906 
4504 
5786 
5188 

1354 
5179 

3182 

1,26 
1.16 
1,24 
1,24 
1,13 
1,06 
1,07 
1.08 
0.99 

1,39 
1,Od 

- 

0,29 
0,21 
0,23 
0,22 
0,22 
0,25 
0,22 
0,21 
0,22 

0,20 
0,19 

6.03 0,40 
5.88 0,40 
5.74 0,40 
5,60 0,46 
5,41 0,41 
5,30 0.46 
5,17 0.53 
4,92 0,63 
5,07 0,43 

5.98 0,33 
4,Ol 0,40 

C, 100 73 10 20529 30778 4419 0,99 0,19 6.23 0,41 
300 69 10 32984 32070 2199 0,97 0,18 5,90 0,39 



Talile 11. 

Uzeprisrn density, / he  rwtiuil conipression (!/prism ptrttern crnrl the centrul distances between 
crtijjac~ent prisms in .series qf'grountl si~rfii~ces touicirtls th.e denline in posiiion 7 on ~ u i o  I~rmmn 
permcinent wnines  designcited hl: C ,  crnd C,, tind one  dog's yerniunent canine designcited 
11y C,. On C, the strrj;ice,s coii.sti/u/e t i  r,on/inrioris series towurtls the dentine. On C ,  and C ,  

h e  series  ( ire  represented h? the outer cznd the inner entarnel srrrjiaces only. 

Prisnis/nini' Vert. compr. Central dist. Spcc- Depth % 
irnen in ,u .f 2 (k) S K  (u) 51) !- areg ( q r )  Sagr i . :  

100 
200 
3110 
400 
500 

C, 600 
700 
1100 
900 

1000 

1200 
i i no  

99 
76 

100 
141 
166 
105 
77 

108 
144 
011 

1 .XI 
109 

10 
11 
9 

11 
14 
1 3 
9 

14 
14 
15 
14 
15 

24822 
25363 
27203 
28092 
29455 
211547 
29811 
32731 
36431 
355611 
38415 
33277 

24962 
25900 
26H82 
28238 
29801 
29407 
30438 
33424 
36214 
35892 
37733 
36500 

1336 
4028 
4123 

965 
:3024 
528.5 
41 77 
4404 
3366 
5002 
4975 
9185 

1,25 0,22 
1,27 0.38 
1,13 0.22 
1,10 0,21 
1,04 0,23 

1.06 0,23 
1,oo n,2i 

0,90 0,22 
1,03 0,30 

L,O? 0,3.3 
L,13 0,44 

1.05 0,35 

6,m 
6,72 
6,46 
6,30 
6,24 
6,31 
6,lO 
5,89 
5,60 
5.66 
5,45 
5,1Q 

0,45 
0.58 
0.7J 
0.45 
0,49 
0.71 
0.56 
0,68 
0,34 
0 5 8  
0.52 
0.w 

~ ~ ~~ ~~ 

c, 100 68 7 21814 21711 1007 1,OY 0.14 7,26 0,36 
1200 49 12 36606 37962 4361 1,06 0,37 5,58 0.56 

C ,  100 49 8 27606 27888 1563 1,00 0,21 6,45 0,39 
400 57 t i  357.51 36378 2490 1,12 0 , M  5,66 0.42 

Iri each cleptli sttries of Cl the (agr)-v;ili1es froin the first ant1 the lust 
proiintl siirfaces were t-testccl against each other. If the coiifit1enc:e liriiiL was 
set at 5 'x,  t l ie  t-teat clcnicjnstrnted t liat there was a sigriificant difference 
1)ctwccii prism tlerisit ies o r 1  the outer a r i d  iriiier enamcl siirfaccs corrc~poiid- 
iiig to 1)ositioris 2, '7 ant1 15 on while tlic probalility al)proximat r t l  -LO (;{) 
t l i u t  t lie densities on thc outer arid inner sirrfacea i r i  posit ion 1 3  re-Itrweiit 
the saint' iiniverse. 

On the inner enamel siirface of C,, t lie regional variatioii of prism size 
seems particularly great. Proltably as a coIiscqueiice of this the (liffrrmcc 
I)etweeri areg and  (agr) for one region is considera1)le. ' lhe (agr)-value 

is greater tlian the areg-val1itX. On tlic other liaritl t l i ~  tliffer- 
etice I~ct~veen tlie tireg- and t h e  nC1yx-vnl[ie+ ~ v a s  iiot greater than an t h v  outer 
ciianirl surface where tlie Sagr-val\Ics werc small. 
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Ta lk  111. 
Theprism density, the aertical compression ofprism pattern and the central distances hetween 
adjacent prisms in series of ground surfaces towards the dentine in position 13 on two human 
permanent canhes designated by C, and C,, and one dog’s permanent canine designated 
hy C,. On C,  the surfaces constitute a continuous series towards the dentine. On, C, and C, 

the series (ire represented by the outer and the inner enamel surfaces only. 

v1 

Prisms/mrn2 Vert. compr. Central dist. 

6 areg (agr) Sagr (K) SK (D) S1) 

Spec- Depth % Lo 
iriicn in ,u .- s $  

100 
2 00 
300 
400 

C, 500 
600 
700 
800 
900 

1000 

75 9 
YO 13 

130 17 
83 12 

122 13 
97 15 

102 13 
44 12 
73 14 
33 8 

33721 
36651 
35039 
31829 
33163 
36823 
32572 
30425 
30091 
28244 

33667 
37332 
34908 
32392 
34501 
38140 
33353 
34349 
39069 
31057 

1665 
2234 
2840 
2268 
3 543 
5694 
5396 

12276 
16827 
7754 

0,99 0,14 
1,05 0,21 
0,93 0,29 
0,w 0,23 
0,90 0,30 
1,06 0,40 
0,89 0,26 
1,26 0,65 
1,04 0,35 
O,92 O,52 

5,84 
5.59 
5,72 
6,OO 
5,88 
5,56 
5,90 
6,07 
6,07 
6 3 2  

0,35 
0,44 
0,43 
0,42 
0,48 
0,66 
O,73 
1,03 
1,19 
0,91 

c, 100 68 9 33729 33861 3849 0,574 0,16 5,82 0,49 
900 80 11 32167 33984 6314 1,05 0,22 5,94 0,71 

C ,  100 46 10 26780 27569 3921 0,92 0,17 6,54 0,49 
300 62 11 51975 54470 7898 1,14 0,40 4,69 0,513 

Since areg corresponds to (U), t-tests have been carried out between 
the (D)-values of the outer and inner enamel surfaces in the four posi- 
tions on C,. The resultant P-intervals concerning positions 2, 7 antl 15 were 
identical to  those calculated for the (agr)-values. Even in position 13, 
however, the P-value was smaller than 0,l %. 

Testing ?f (K)-values in the depth series of C,. Tables I, I1 and I V  
tlernonstrate a gradual decrease of the (K)-values in positions, 2, 7 antl 15 
towards the amelodentinal junction. 

According to Table 111 no such trend was demonstrable in the depth series 
in position 13. It  seems, however, that the (K)-values approximate the 
value 1.00 and that they oscillate fairly symmetrically about this value. 

If the confidence limit is set at 5 yo, the t-test demonstrated that there 
was a significant difference between the compression ratios of the outer and 
inner surfaces in positions 2 and 7 (P < 2.5 yo), while the probaldity of 



516 GISI.E FOSSE 

Table IV. 
?'he prism density, the uertbccil compression ofprism pcttlern and the centml dislances between 
adjacent prisms in series qfground surfaces t o u w d s  the dentine in position 15,  on two human 
permanent canines designnted 6y C, and C,, nnd one dog's permanent canine designcited 
hy C,. On C ,  the surfaces constitute a i,on/inr~ous series toiuorcls /he dentine. O n  C ,  arid C, 

the series are representetl hy the outer and the inner erinmel s n ~ f i i c e s  on1.y. 

100 
200 
300 

C, 400 
500 
600 
700 

73 15 27552 28680 3264 
63 10 31978 32515 3466 
76 16 34115 34829 35.85 

87 16 36001 35925 3763 
30 8 54210 53660 6172 
22 7 60655 64975 10144 

1048 17 37228 37480 3842 

~ 

1,28 0,19 6,46 0,40 
1,28 0,19 5,98 0,50 
1,27 0,25 5,80 0,40 
1,15 0.39 5,54 0,50 
1,09 0,31 5,62 0.61 
1,03 0,28 4,60 0,35 
1,18 0,36 4 3  0,4,5 

C, 100 63 11 28800 28565 2182 1,30 0,28 6,31 0,49 
600 92 17 45812 46471 SO01 1 ,Ol  0,28 5,00 0,44 

C, 100 46 H 22788 22634 1878 1,04 0,22 7,09 0,51 
300 62 11 42135 43053 4678 0,99 0,20 .&21 0,47 

eqiiality was high in position 13 (P > 40 'XI). Neither was the difference 
Ixtween the ratios in position 15 statistically a 

Testing of (agr)-vulues on the outer and i enamel sutfucc~s of' (.'4. 

Fig. 23 demonstrates a marked difference I~etween prism densities on the 
outer and inner enamel surfaces in positions 2, 7 arid 15, whereas the rliffer- 
ence between the (agr-)-values in position 13 is little. 

A t-test. tlernoristrated that tlic diffcrcnccs in positions 2, 7 and  15 were 
stntisticaIly significant, P hring always less iliari 0.1 %. There was no sig- 
nificar't difference in position 13, P heing greater iliari 50 yo. A t-test was 
also carried out for the (D)-values of the outer and inner surfaces in the 

Tmting o f  (K)-vuluc~s on the  oi~ter a n d  inner sur juct '  ?f C,. l a h l e s  I, 
I1 and IV demonstrate marltetlly higher cornprcssicn rztios on tlie oi.trr 
tliari on the inner enatiiel surface in positions 2 and 15, whereas the tliffrr- 
eiices are smaller in positions 7 and 13. 111 position 13, the compression ratio 
is even higher on tlie inner tlian on the outer eriarnel surface. 

ptahle ( P z  10 TI). 

itions and gave the same result as for the (agr)-values. 
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A t-test derrionstrated that the differences were statistically significmit 
in positions 2 and 15, whereas the differences in positions 7 and 13 were not. 

Testing qf (agr)-values o n  the outer and inner surfaces o f  C,. Fig. 24 
demonstrates a marked difference between prisni densities on the inner arid 
outer surfzces in positions 7, 13 and 15, whereas the (agr)-values in Imsi- 
tion 2 show a smaller difference. A t-test denioiistratetl that the differences 
concerning positions 7, 13 and 15 were statistically significant. There was 
not a statistically significant difference in position 2. 

Testing of (fo-values on the outer and innrr surfaces of  Cc. Tal~les I 
and IV demonstrate a small difference between the compression ratios in 
positions 2 and 15. The difference is greater in positions 7 and 13, but here 
the ratios on the inner surface are higher than the ratios on the outer. 

There was no significant difference in positions 2 and 15. The difference 
was significant in positions 7 and 13. 

Testing of difference between (agr)-values on the inner surfaces of 

C,, C, and Cc. The 4 (agr)-values on the inner surface of each tootli are 
different. On C, they increase through the 4 positions in this sequence: 
13, 7, 2 and 15. On C, they increase in this sequence: 13, 7, 15 and 2. On 
Cc they increase in this sequence: 2, 7,  15 and 13. 

In  Table V are presented the results of the testing of the difference be- 
tween the densities in positions 2 and 7, while in Table VI are presented the  
results of a t-test between the positions 13 and 15 for all three specimens. 

On C, there is no significant difference between the (agr)-values of 
positions 2 and 7. The difference is significant for C, and C,. 

Talllr v. 
t-test of dgyerence between prism densities in positions 2 and 7 on the inner surfare of C,, 

C, and C,, designating two human ond one dog’s permanent canine. 

Specimen Positions Groups Prism*/mm2 Probahility 

(agr) S a g  i n  9 ,  

Cl 2 10 42788 5188 l O > P > S  
7 15 36500 9185 

c4 2 14 55117 5179 0,l > P 

c c  2 10 32870 2199 1 > P > 0,s 

7 12 37962 4361 

7 8 36378 2490 
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Tal~le V1. 
i-teat ofdgference hetuieen prism denscties in position3 1.5 and 13 on the inner surface of C,, 

C, and C,, designating two human and one dug’s permanent nmine. 

Specimen Positions Croups I’rismi/mm2 Probability 
( agr ) Sagr in 0o  

c, 1 5 7 64975 10144 0,l > P 
1 3 8 31057 7754 

c 15 17 4647 1 5901 0,l > 1’ 

c, 1 3 11 43053 4678 0,l > P 

13 11 33984 6314 

1 3 11 54470 7898 

Table VII. 
Theprism density, the vertical compression ofprismpattern und the central distances between 
adjacent prisms on the outer and inner enamel surfiices in positions 13 and 15 on a third 

human permanent canine. 

13 Oiiter 72 7 31049 31511 1965 1,11 0,27 6,06 0,60 
Inner 60 1 3  29994 33547 6772 0,93 0,25 6,16 0,68 

15 Outer 150 16 28970 29176 2242 1,28 033  6,29 0,44 
Inner 83 17 35851 39007 6186 1,02 0,24 5,65 0,53 

For all three specimcns the difference is significant between regions 13 

The (agr)- und (K)-values on the outrr and inner enurnel siLrfu2crs 
in, positions 13 and 1.5 on, a third hzrman perrrmnent ccminc. During the 
first stages of this investigation the present author prepared series of surface 
grindings towards the dentine in position 13  arid 15 on a human maxillary 
permanent canine not included in the material presented in part IV. 

In position 13 on this tooth the prism density was 31 ,51l /mm~ on the 
outer surface and 33,547/nim2 on the inner surface. I n  position 15 the prism 
density was 29,176/mm2 on the outer siirface and 39,007/mm2 on the inner 
surface. 

and 15 on the inner enamel surface. 
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The results from this tooth t h i s  corroborated those from C ,  arid C, con- 
cerning these two positions. Moreover, t-tests hetween the densities on the 
outer and inner surfaces resulted in 50 > P > 40 for position 13 and 
0.1 > P for position 15. t-tests carried out for the (D)-values instead 
of the (agr)-values in these positions gave the same results. 

In position 13 (K) eqiiallerl 1.11 on the outer surface and 0.93 on the 
inner surface. In  position 15 the ratios were 1.28 and 1.02 on the outer ant1 
inner surfaces respectively. Tlie differences were statistically significant iri 
lmth positions. Table VII presents the data from the outer and inner enamel 
surfaces in the two positions on this specimen. 

DISCUSSION 

Own findings 
Prism density. It will be noticed that the riiimber of groups arid triangles 
varies from region to region. The pattern of group distributiori was sub- 
jectively chosen for each region. Rut  the ohject was always to cover tlie region 
evenly by numerous small groups of plotted prisms in a dense but rantlorn 
pattern rather than by a constant niimher in a given pattern. 

On the inner enamel surfice prism contours may not he discernible in 
smaller areas within the region. In some areas prism rods may lie in the 
ground plane for sliortcr distances. The presence of such areas disturbs the 
even distribution of the groups and thus also the number of them. When 
this occurs on the inner sur fxe ,  where t.he variation of prism size is obviously 
greatest, the accuracy of the calculated regional prism density will probably 
suffer. Rut sirice only a fraction of the prisrns uTithin a region is plotted, the 
calculated density will always be hut a n  estimate of tlie true regional density. 
I t  is probable that these estimates are better on the outer than on  the inner 
enamel surface, however (cf. part 111). 

On C, the three depth series in positions 2, 7 and 15 denionstrated a 
gradual increase of prism density towards the amelodentinal jiinction, see 
Figs. 17, 18 and 20. Statistically, there was also a significant difference be- 
tween the first and the last surfaces of these three series. 

The depth series in position 13, however, showed neither a decrease nor 
an incrcssc of density, see Fig. 19. A t-test hetween the (agr)-vd1ies of the 
first and the last surfaces denionstrated 110 significant difference, whereas 
a t-test hetween the (D)-values of the same surfaces demonstrated a 
significant difference. 

The data gained from the outer and inner surfaces of C, generally seemed 
t o  corroborate the results concerning C,, see Fig. 21. There was a signifi- 



catitly higher prism density UII tl-ic itincr surface in  positions 2, 7 ant1 15, 
while 110 significant difference was clerncmstral~le bctweeii the two sur fxes  
in positioii 13. 

The prism tlensities calculatetl for t lie oiiter arid inner eiianiel surfaces 
in positions 13 and 15 on a third liuman maxillary permanent canine iilso 
corroborated the results concerning these psitioris on C, a i i d  C,. 

1 he data gained from the dog’s caiiirie clt~moristratetl significantly higher 
Iirisrn rieiisities on tlie inner surface in positions 7, 13 arid 15, see Fig. 22, 
wlicreas the difference was not statistically acceptable in position 2. 

I lie results concerning C,, C:,  ant1 the third human canine sccmetl t o  
ciciriotistrate tliat the prism density is lower on the outer than on the iniier 
cnaniel surface in positions w-herc there is a coiivex eiiamel curvature, uric1  

where cotisecpently there lias I~eeri a c:rritrifugal growth of the enamel sur- 
face during amelogeriesis. Position L3, however, was located in the flat por- 
tion of the palatinal surface, which might explain tlie lack of tiiffererice in 
Iirism density on tlie outer arid inner enamel surfaces. 

Ori the dog’s canine, tlie erianiel layer is generally far thinner tliari oil 
human permanent canines. Tliere is iio flat portion of I lie enaniel mantle. 
The enamel curvature is geiierally equal in all regions of the crown, except 
at the tip of the cusp. 

In spite of the tliiniier enamel, the presctit investigation derrioristratetl ii 

higher prism density o n  the inner enamt:l siirfiice than on thc outer surfacc 
of cc;. 

Variation of prism ciensity and diuruetc>r.s. ‘I’ahles I, 11, 111 and IV dc- 
monstrated tliat the variation of prism density witliiri one region symbolized 
by Sagr generally increased towards the arnelodentinal junction of C,. ‘llie 
same trend seemed to be demonstrated hy the Su values. 7‘he Sag- and  
S ~ - v a l u e s  on the iriiier surface of C, were also higher than on tlic outer 
surface of the same tooth. 

Tahles V and VI demonstrated that there was a marltetl difference lxtweeti 
the (agr)-values for the 4 Imsiitions o n  the iririer surface of C,, C, and C,. 
Thus there was a total surface variation of prism density on the inner sur- 
face of these three specimens. 

P r i m  pattern. The (K)-values in ’lahles I, I1 arid IV seemed to iridicatr 
a gradually increasing vertical cotnpressioti of the prism pattern froni the  
dentinoenamel junction towards the outer surface in positions 2, 7 atid 15 
on C,. In the depth series in position 13 no particular trend whatsoever was  
perceptible, see Table 111. The (K)-values oscillate near and about t he  
value 1.00. 

r 1  

, 3  
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On C, the conipression ratio was significantly higher on the outer than 
on the inner surface in positions 2 and 15, whereas the difference was not 
significant in positions 7 and 13. 

It was demonstrated statistically that in positions 2,7 antl 15 the prism 
densities were significantly lower on the outer enamel surface than on the  
inner surface on C, and C,. I n  the same positions there was generally a sig- 
nificantly vertical compression of the prism pattern on the outer surface 
of these teeth. 

In position 13, which corresponds to the flat ccntral portion of the Ida t ina l  
surface, there was no significant difference either hetween the (agr)-values 
or the (K)-values of the outer and the inner enamel surfaces of C, antl C,. 

Therefore it seems that a vertical compression is present in places where 
a positive growth of the enamel surface during amelogenesis has talien place. 
This hypothesis was also supported by the cornpression ratios on the outer 
and inner surfaces in positions 13 and 15 on a third human permanent canine. 

If each prism is formed by one amelohlast, the compression may he inter- 
preted as a lateral distension of the ameloblastic layer during amelogenesis. 
Since there is little or no local growth of the enamel surface in the center 
of the palatinal surface of liunian permanent canines, the (K)-values will 
approximate the value 1.00, which, according to definition, signifies t he  
abscence of any vertical deformation. 

In  contrast to the results gained from C, and C,, all the (K)-values 
calculated for the outer enamel surface of Cc approximated the value 1.00. 
The two highest values 1.14 and 1.12 were found on the inner surface, in 
positions 7 and 13. 

It would seem that the (K)-values obtained from C, do not demonstrate 
any systematic directional deformation of cross sectioned prisms. 

If a compression ratio markedly greater than 1.00 is caused by a growth 
of the enamel surface, the results concerning Cc might he explained by the 
fact that the enamel of this tooth was far thinner than the enamel of C, and 
C,, see Figs. 1 and 3. This is not a quite satisfactory explanation, however, 
since there was generally a marked and significant. difference in prism den- 
sity on the outer antl inner enamel surfaces of Cc. 

Comparison betwwn results vf other authors 
and own findings 

If the total numbers of prisms on the outer and inner enamel surfaces 
were equal, and if it were possible to  express a mean number of prisms per  
unit area for each of these two surfaces, then the ratio between the mean 
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riiirrilier on tlic inner surface, ant1 the mean iiurnher on the outer surface 
would bc equal to the ratio between the arra of the outer surface and the 
area of the inner enamel sur fam 

Tlie s u m  of tlie four (agr)-Values on tlic inner surface was tliviclecl by 
the slim of the four (agr)-values on the oiiter surface of C,. The same 
calculation was carrietl orit for C,. The quotients were 1.47 ant1 1.49 respec- 
tively. 

Fosst: (1964) fount1 a ratio of 1.9 hetwcn the areas of the oilier and inner 
enamel surfaces of one hicuspid. It is pro1d)lc that the ratio is less on a 
caiiiiie, due to the simliler form of the crown. IIowever, it i3 not probable 
that the mean of tlie four (agr)-valrles M ~ I S  representative of‘ tlie otrur: 
nieana of each surface, since t tie approxinial surfaces were not represcntrcl 
in this investigation. 

The enamel mantle of a (log’s cariinc is less corrildicot erl than the mantlc 
of a human permanent canine. Tlie trunsversol c-ircuinference is, o n  all levels, 
quite circular ant1 the c r o w  is evenly tapered from the ceinento-enarnpl 
jiinctioti towards the tip of tlie c:usp. ‘Therefore it is possikile tlrat the (agr)- 
values gathered from C c  were hettcr estiinot t h s  of the vLrue means prism 
densities on both surfaces of this toot 11. 

For C, the ratio cdsulated from t h r  ( i~gr ) -v ;~ l~~es  was 1.53. S i s s  (1939) 
liatl found a ratio of 1.31 Iietween t lw  outer and inner enamel surfaces of 
a clog’s canine. He stated, however, t h t  he l iatl  not observed any difference 
in iirisin diameters on the two surfaccs. 

Tlic present ;tiitIior fourid that the prism t1r:nsities on the outer surface 
of four huniari permment canines intlicaietl :I tendency to he inversely 
proportional to eiiariiel thickness arid curvature (cf. part IV). The findings 
presented in the present paper seem to corroborate this hypothesis, &ire 
the depth series of C, tlenionstrated a grarliial decrease in density towmls 
the onter surface in positions wliere a positive growth of enamel surfacc had 
occiirred. It was stated that this might I><: expected if the riuinl)er of prisms 
oii the outer surface eqiials the number on the inner surface, wit1 if the (h- 
sity on tlie inner surface is fairly constant. ‘The present results demonstrate 
that, the total variation of prism density on the inner surface is probahly no 
less than tlic variation on the oiiter. 

For instance, tlie density in position 13 was significantly lower tliari the 
density in position 15 on  the inner surface of both C, and C,, see Table VI, 
whereas on the outer surface of the  same specimens the density in  reg. 1 3  
was significantly higher than the density in reg. 15 (cf. part IV).  Eqiiiva- 
lent relations concerning the inner surface i i i  positions 13 aritl 15 were also 
found to liold true for a third human canine, bee Table VII. 
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On C, and C, the prism density at the amelodentinal junction in position 
13 was the lowest of the 4 positions. 

It is tempting to suggest that to a certain degree the prism density o r 1  the 
inner surface may be inversely proportional to  the radius of enamel curvature 
and proportional to  the enamel thickness. This would mean that the prism 
density on the inner surface in a given location has been influenced by the 
curvature of the dentinoenamel jiiriction and by the future thickness of the 
enamel. The total variation on the inner surface would then act to  reduce 
the variation on the outer surface. This would be in accordance with the 
results presented by Pickerill, (1913), who had found the smallest prism 
diameters on the inner surface in the cuspal region. 

If the mean central distance symbolized by (D) is considered ideritical 
with the conception mean prism diameter, the smallest prism diameters 
calculated by the present author were found in a single group consisting of 
four prisms in the last ground surface of the depth series in position 15 
on C,. The (D)-value for these prisms equalled 3.73 ,u, corresponding 
to a density of 81,973 prisms per mm2. These 4 prisms represented an ex- 
ception. The mean diameter of the total region was 4 .33,~ corresponding 
to 60.655 prisms/mm2. 

Pickerill (1913) stated that he had measured diameters on the inner sur- 
face and found the average to be 3.1 ,u. Near the cusp he had found an average 
diameter of 2 . 5 , ~ .  

Yosida (1938) found an average diameter of 3 . 9 , ~  near the cingulurn and 
3 . 0 , ~  in the iricisal region on the inner surface. 

Thus the results of Pickerill and Yosida differ from those of the present 
author concerning the actual size of the prism diameters on the inner enamel 
surface. 

The difference is, however, probably one of definition, since the former 
authors may not have included the interprismatic substance in their measure- 
ments. 

Since the present investigation which was based on measurements in 
defined regions, indicated a great regional as well as a total surface variation 
of prism diameters, it seems impracticable to compare prism diameters of 
unspecified locations given by other authors with those presented in this 
paper. 

CONCLUSIONS 

In places where there has been an actual local growth of enamel surface dur- 
ing amelogenesis, the prism size on the outer surface is greater than on the 
inner surface of the enamel mantle of 'human maxillary permanent canines. 
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In such places there is also a cornpression of the prism pattern along the 
longitntlinal axis of the tooth on the outer enamel surface, whereas such a 
deformation is smaller or allsent on the inner surface. Hypothetically thesc 
conclusions are valid for all types of human permanent teeth. 

In the enamel mantle of human maxillary permanent canines the variation 
of prism size within regions of equal areas is greater near the amelodentinal 
junction than on the outer surface. The total variation of prism density on 
the coni1)lete inner snrface is probahly as great as on the complete outer 
surface. 

Ilypothetically these conclusions are valid for all types of human I)ertria- 
nerit teeth. 

SUMMARY 

From definite regions on the outer enamel surface of 3 Iiunian niaxillary 
permanent canines and one maxillary perrnanent canine from a dog, were 
prepared series of ground surfaces planoparallel to and towards the anielo- 
dentiiial junction. 

Within each surface of a series a region of a given area was photographed. 
All photograplietl regions within a series were equally orientated in relation 
to a straight line towards t.lie dentine following the main prism course. 

Within the 1)hotograplieci regions tlic distances hetween the apparent 
centers of adjacent I’risms were measured. With certain reservations the 
central distances may be defiried a s  Iiriani diameters including the inter- 
prismatic substance. 

From these measurements were calculated the mean central distance, the 
numher of prisms 1)er mn1’ and the 1i1ean cornpression ratio (K) which 
descril)etl the vertical deformation of the prismatic pattern. 

On all four teeth, tlie prism density on ttir outer surface was generally 
sigriificantly lo\< cr than on the inner snrface in places where there had been 
an actual local growth of the enaniel surface during amelogenesis. On one 
of tlie liuman canines this difference was demonstrated as a gradual increase 
of prism density towards the dentine in 3 such series. 

No difference was found between the iirisrn densities of tlie inner and 
outer enamel surfaces in the flat portion of the palatinal snrface of the hurnan 
canines. 

met1 to he no vertical compression of the prismatic 
pattern on the inner surface of liuniari enamel, whereas there was a niarkcd 
vertical compression o n  the outer surface in places where tlierc had heen 
a positive growth of surface during the amelogenesis. 

Generally, there 
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No such compression was demoristrable on the outer surface of the dog’s 

The results indicated a systematic difference between prism densities in 
given regions on the inner enamel snrface of the three human teeth. 

The author suggested that in human permanent enamel the centrifugal 
growth of prism diameters as well as the vertical compression is caused by 
the centrifugal growth of enamel surface during amelogenesis. 

By tables and diagrams the variation of prism density and compreg-’ . hion 
of pattern was demoristratetl. 

canine. 

HkSUM 1.: 

LA DENSITB DES PRISMES ET LEUR DISPOSITION A LA SURFACE INTERNE 

ET A LA SURFACE EXTERNE DU R E V ~ T E M E N T  D’~?MAIL DES CANINES 

Des dries de surfaces meul6es parallklement au plan de la jonction Pmail- 
dentine en allant vers cette jonction ont 6tC prCparCes sur des regions tl6ter- 
rriiriCes de la surface ext6rieure de 1’6mail de 3 canines supBrieures perma- 
nentes humaines et d’une canine supkrieure permanente de cliien. 

Dam chaque surface d’une shrie, line rCgion de superficie d6terminCe 
a CtC photographiCe. Toutes les regions pliotographiees dans m e  sCrie ont 
6tC orientkes de la m&me manikre par rapport & une ligne droite dirigCe 
vers la dentine et qui suivait la direction gCn6rale des prismes. 

Dam les rCgioris phot.ographiCes, les distarices entre les centres apparerits 
des prismes adjacents on  6tt. mesurCes. A quelques r6serves p r h ,  les dis- 
tances centrales peuvent Ctre tlkfinies cornme Ctant les diamktres des Inis- 
mes, y compris la substance interprisrnatiyue. 

Sur la base de ces mesures, on a calculi: la distance centrale moyenne, le 
nombre de prismes par mnif et le taux moyen de compression (K) qui 
dCcrit la distorsion en direct.iori verticale de la disposition prismatique. 

Pour ces quatre dents, la densit6 prismatique h i t  dans l’ensemble signi- 
ficativement plus basse la surface externe qu’k la surface interne aiix en- 
droits oii il s’ktait produit line croisFance locale certaine de la surface de 
1’Cmail pendant l’am6log6nkse. Sur une des canines humaines, cette dif- 
fkrence a 6t6 mise en evidence sous forme d’une augmentation progre::‘ w v e  
de la densite prismatiqiie en allant vers la dentirie dans 3 de ces series. 

Auciine diffkrence n’a 6t6 trouvAe eutre la densit6 prismatique de la sur- 
face interne et celle de la surface externe dans la partie plane de la face 
palatine des canines hurnaines. 

Dans l’ensemble, il ne semblait pas y avoir de compression verticale de la 
disposition prismatique h la surfacc interne de 1’6mail humain, alors qu’il 
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existait line compression verticale murquCe h la surface externe aux eridroits 
ou il y avait e i i  une croissance certaine de la surface pendant 1’amClogCnkse. 

A la surface externe de la canine d i i  cliieri, on n’a pas observ6 de compres- 
sion de ce genre. 

I1 ressort rles resultats de cette Ctucle cp’il existait une diffkrence syst6nia- 
ticpie entre les densitCs prismatiqnes dans des rCgioris d6terminCes h la sur- 
face interne tle 1’Cmail des trois dents Iiuniaines. 

Selon l’auteur, l’augmentation du diamktre des prismes en direction 
centrifuge et In  compression verticale pourraient &tre caus6es par la crois- 
saiice de la surface de 1’Cmail en direction centrifuge pendant l’amClog6n6se. 

Les variations de la densit& des prismes et tle la compression de lear rlis- 
position ont 6tC prCsentCes soils forme de tableaux et de digrammes. 

ZUSAMMENFASSUNG 

NUMERISCHE DICHTHEIT UND MUSTER DER PRISMEN AUF DER ALSSEREN UND 

INNEREN FLXCHE DES SCHMELZMANTELS VON ECKZAHNEN 

In bestimmten Gebieten der Oberflache eines bleibenden Eclczalines eines 
Hundes und drei mennschlichen bleibenden Ecltzahne wurden Serien von 
Arischliffen gegen die Schmelz-Dentingrenze prapariert. Die Anscliliffe waren 
planparallel zii der Grenzflache zwisclieri Schmeltz und Dentin. 

Innerhalb jeder angeschliffenen Sclimelzflache einer Serie wurde eine 
Region von bestimniter Grosse photograpliiert. Alle die photograpliierten 
Kegiorien einer Serie waren gleichmiissig ZLI einer geraden Linie gegen die 
Gremfliiclie zwischen Schmela und Dentin orientiert. Diese gerade Liriie 
folgte der Hauptriclitung der Prismenbundel. 

Innerhalb der photographierten Regionen wurden die ZentralabstLinde 
zwisclien benachbarten Prismen gemessen. Diese Zentralabstiinde miichten 
aiicli als Durchmesser der Prismen einschliesslich der interprismatisclien 
Substanz definiert werden. 

Von den erzielten Massen wurderi der rriittlere Zentralabstantl, die Zahl 
der Prismen per mmz und die niittlere Kompression, (K), die die vertilcale 
Deformation des Prisrneriniusters beschrieb, berechnet. 

Auf allen vier Zahnen war die Diclitheit der Prismen auf der Sclirrielz- 
oberfliiche geringer als dicht bei tler Schmelz-Dentingrenze, in Regionen 
wo es ein wirkliches Waclistum der Sclimelzoberflache wahrend der Rmelo- 
genese gewesen war. Auf einem der rnennschlichen Eckziihne wurde dieser 
Unterschied als ein allmahliches Wachstum der Prismendichtheit durch drei 
verschiedene Serien gegen die Dentingrenze tlemonstriert. 
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Kein Unterschied zwischen den Prisinendichtheiteii auf der inrieren uiid 
ausseren Fliiche des Schrnelzmantels wurde im flachen palatinalen Gebiet 
der mennschlichen Eckziihne gefunden. 

Nahe der Schmelz-Dentingrerize wurde keine vertikale Kompressioii der 
Prisnien gefunden, weil eine marlcierte Kompression des Prismenmusters 
auf der ausseren Flache des Mantels gefunden wurde, in Gebieten wo eiii 
positives Wachstum des Schmelzes wahrend der Amelogenese stattgefunden 
war. Keine Kompression des Prismenmusters wurde auf der Btisseren Flache 
des Schrnelzmantels des Hundeeclczahnes gefunden. 

Die Ergebnisse scliienen einen systematische Unterscliietl zwisclien Prk-  
mendichtheiten in gewissen Gebieten an der inneren Flaclie des Sclimele- 
mantels der drei mennschlichen Eckzahne zu zeigen. 

Der Verfasser stellte die Hypothese auf, dass in1 Schnielz der bleihenden 
mennschlichen Zahne das centrifugale Wachstum des Schmelzmantels wah- 
rend der Amelogenese, ein zentrifugales Wachstum der Prismendurchmes- 
ser, so wie eine vertilcale Kornpression des Prismenmusters, verursacht. 

Mit Hilfe der Tabellen und Diagrammen wurden die Variationen der 
Prismendichtheit urid der vertikalen Kompression gezeigt . 
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Fig. 7. The outer enamrl surface of C, in position 2. 



Fig. 8. The inner enamel surface of C, in position 2. 
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Fig. 9. The outer enaniel surfatv of C ,  in position 7. 
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Fig. 10. The inner enamel surface of C, in position 7. 
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Fig. 11. The outer enamel surface of C, in position 13. 
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Fig. 12. The inner enamel surface of C, in position 13. 
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Fig. 13. The outer enamel surface of C, in position 15. 
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Fig. 14. The inner enamel surface of C, in position 15. 
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Fig. 15. The outer enamel surface of Cc in position 2. 
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Fig. 16. The inner enamel surface of Cc in position 2. 
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Fig. 17. The outer enamel surface of Cc in position 13. 
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Fig. 18. The inner enamel surface of CC in position 13. 
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Fig. 19. Graphical representation of the prism density in a depth series on C,. This series 
was situated in position 2. Each ground surface is represented by the encircled (agr) -value 
and the double standard deviation added and subtracted. The outer enamel surface is re- 

presented by the first (agr)-value at the left-hand side of the graph. 

Fig. 20. Graphical representation of the prism density in a depth series on C,. This series 
was situated in position 7. Each ground surface is represented by the encircled (agr)-value 
and the double standard deviation added and subtracted. The outer enamel surface is re- 

presented by the first (agr)-value at the left-hand side of the graph. 
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Fig. 21. Graphical representation of the prism density in a depth series on C,. This series 
was situated in position 13. Each ground surface is represented by the encircled (agr)-value 
and the double standard deviation added and subtracted. The outer enamel surface is re- 

‘presented by the first (agr)-value at the left-hand side of the graph. 

Fig. 22. Graphical representation of the prism density in a depth series on C,. This series 
was situated in position 15. Each ground surface is represented by the encircled (agr)-value 
and the double standard deviation added and subtracted. The outer enamel surface is re- 

presented l y  the first (agr)-value at the left-hand side of the graph. 
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Fig. 23. Graphical representations of the prism densities on the outer and inner enamel sur- 
faces in positions 2,7, 13 and 15 on C,. In each numbered position of the graph, the left-hand 

value represents the outer surface. 

Fig. 24. Graphical representations of the prism densities on the outer and inner enamel sur- 
facesinpositions2,7, 13 and 15 on Cc. 'In each numbered position of the graph, the left-hand 

value represents the outer surface. 
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