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INTRODUCTION 

Several contributors to dental literature have measured prism diameters 
in dental enamel, cf. Kollicker (1859), Pickerill (1913), Hopewell-Smith 
(1913, 1926), Chase (1927 a), Bodecker (1927), Murcus (1931), Eisenberg 
(1938) and Yosida (1938). 

The results have varied from 6.8 ,u (Eisenberg) to 3.4 ,u (Yosida) for the 
outer surface, and from 2.5 , ~ h  (Pickerill) to 3.9 ,u (Yosida) on the inner sur- 
face on the enamel mantle. 

However, a clear definition of the conception prism diameter has not been 
given by any of the authors cited above, except Chase, who stated that the 
interprismatic substance had been included in his measurements. There- 
fore, it is difficult to evaluate the results presented in the literature. 

Chase (1927a) calculated the number of prisms on the outer enamel 
surface of each tooth in the human permanent dentition. The numbers 
ranged from 5 million on the second mandibular incisor to 12 million on 
the first maxillary molar. 

Chase obviously obtained his results by dividing the measured area of the 
outer surface of a given tooth by nr2, where r designates half the value of 
the mean prism diameter. This mean prism diameter was calculated from 
measurements of prism diameters on the outer enamel surface of human 
permanent teeth. 
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Fossc (1961- a) calculatecl a niean number of 21 904 prisms per nini2 on 
the outer surface and a nieaii number of 57 089 prisms per inn? on the 
inrier enainel surface of a bicuspid. From these means were calculated the 
total niimbers of primis 011 the outer and inner enamel surfaces of the same 
tctoth. Tliese mean values of tlie outer antl inner priini densities were oh- 
tuiried by  linear countings of longituclinally cut prisms. 

No author has tried to define an interrelation between prism dianieters 
antl the number of prisms per unit area. 

Witli the exception of I ~ ~ ~ ~ " i ~ i e l l - S r i i i t h  (1926), it seeiiis f hat no author 
has contlucted a study pertaining to the tlistributioiial pattern of prisms in 
rrvss-section. However, the forms of the cross-sectioned prisms have been 
rlescriberl and disxssetl 11)- sewral authors (Chase, 1927 b; Smreker, 1930; 
. \kcdxl ,  1935; Eisenbcrg, 1938; Freiherg, 1039; Toy, 1942 ; Heln~ckc, 1963; 
Bojde ,  1961; Koriianiuk & Schrcifh 1965; Hinrichsen 22 Engel, 1966). 

Conwquently, the prohleni \{-as to develop a method by which one could 
expres. the mean nnmericul prism density and a niean defined prism diamet- 
er \ritliin a giren area of cro ectionecl prisms. Likewise, it was desirable 
to have expressions clcscriliinp an!- cleforination of the distributional pattern 
of the prisms. Since t h e  niethocl was to be used in cornparisoris between 
clifferelit enaniel regions. it would also lie necessary to have expressions 
drxribing wriations of deiisitp snd pattern. 

W\TERI.U, A N D  METHOD 

-4 theoretical model 
Let LIS imagine an idealized prismatic pattern d i e r e  the prisms are repre- 
wntwl Iiy congruent tangent circles in the hexagonal distribution that yeilds 
the niazimuin number of such circles per unit area. 

Such a model is depicted in Fig. 1. Pardlel  to and along the three dirrc- 
tions designated by tlie letters TI, Y 2  and are orientated the central dis- 
tances between each pair of adjacent circles. Tliese central distances are 
tlesignated by the letter d in the drawing, and each equals the diameter of 
the circles. 

The central clistances he twen  t h e e  mutually tangent circles constitute 
an equilateral triangle, designated hy ABC in Fig. 1. Two such triangles 
with one side common constitute a parallelograni d i e r e  the short diagonal 
and the sides equal d. Such a parallelogram is drawn in Fig. 1, and its four 
angles are designated b y  the letters A, R, C', C. 
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Fig. 1. A model of congruent tangent circles in symmetric hexagonal distribution. The central 
distances designated by the letter d, are orientated in the directions indicated by the arrows 
marked V1, V, and V,. The letters ABC designate the angles of a ucit triangle whose sides 
constitute the connecting lines between the centers of three mutually tangent circles. The 
letters ARC’C designate the angles of a unit parallelogram which is formed by two unit tri- 
angles with one side common. The number of such parallelograms equals the number of 

circles per unit area. 

It may be proven that the number of circles per square unit equals the 

The equation expressing the number of circles per mmz for the model 
number of such parallelograms. 

described above is: 
2 * 106 

l a  
d2 1J3 

when the length unit is 1 p. 

Jn Fig. 1 the central distance d equals the diameter of the circles. But 
we may also suppose that the central distance was kept constant, while the 
diameter was shortened. The equation above would be unaltered, since it 
is expressing only the number of points or centers per mm2. 

The distance between the peripheries of two adjacent circles may be con- 
sidered analogous to the thickness of the interprismatic substance. 
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If all tlie central distance parallel to 1 are de4gnated by d, those to V, 
l i ~  y, and those to Y3 by 1 and if futher d, y and x are inutudlly unequal, 
the re-tiltant model ~ t o u l d  reprevrit points or centers in asymmetric dis- 
trihution. 

Ex en betneen +uch points d netuorh of parallelograms may be drawn, 
and tlirir nuniber per square unit nil1 Iiheliiibe equal the number of paral- 
lelograni- per >.cpare unit. 

Tfw general formula e\pre--inp the numher of Imints distributed thus is 
2 - 106 

11 a = 
1 '$@>L - ( # I V L \ 2 ) 2  

7'he height on the horizontal dibtance d l\hich is parallel to V,, may be 
calculated thus : 

111 1 - - 1 /2 1 / 4t1y - (d2+"".12)' 

d 
If we let the area of one Imdlelograni he epresxed hy  d and tlie height h 

011 this central distance, we get the following equation 
1 0 6  

I\- n = - 
d * 11 

expresiing thc nuinber of points per rnni2. - 
If (1, y and  x are equal, then h equals the expression Y2dJ3, which sign- 

1. If, on tlie other hand, d > y = s, then the ratio iiifies that cl 
2 I1 

(1 1-3- d f3 - wotilcl be greater than tlie value 1. And if d < y = x, - 
2 11 2 h  

~ iou ld  lie sinaller than 1. 
In triangle- nith side? d, y and s, thi? r,]tio may be symbolized by K: 

The value of K equal.; the ratio liet~veen the height on the base d in an 
equilateral triangle and the height on the same base d in the triangle with 
sides tl, y and x. 

For a model consisting of congruent triangles with unequal sides d, y and 
x, the side of the equilateral trairigle \+it11 the same area may be calculated 
by the formula 
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The dimension D may be regarded as the mean central distance of the 
model. 
Adaption of model to enamel 
The theoretical considerations above concern models of congruent paral- 
lelograms. 

With certain limitations, however, they prove valid for cross-sectioned 
prisms in the enamel. 

On photographic reproductions of cross-sectioned prisms the apparent 
geometrical centers of the prisms were plotted. In the three main directions 
represented by the three arrows in Fig. 1 connecting lines were traced be- 
tween each pair of adjacent centers. These connecting lines or central dis- 
tances may be measured. They correspond to prism diameters including 
half the thickness of the interprismatic substance on either side of the prism. 

The central distances that lie approximately transversal to the longitudinal 
axis of the tooth, are always designated by d. 

Fig. 2 represents a photomicrograph from a region near the outer sur- 
face of the enamel mantle where there are but :mall variations in the 
prismatic pattern. 

The plotted prism centers constitute 9 groups of fairly equal size. 
The traced central distances form triangles of different shapes and areas. 

Each group and each triangle in each group is numbered. 
Within this region the sides of each triangle are measured and their actual 

sizes are calculated by mcans of a microscale photographed, using the same 
magnification. All central distances trarisversely orientated to the long axis 
of the tooth are designated by d, all parallel to the 17iz direction by y and 
all parallel to the V, direction by x. 

The simplest way of obtaining an expression of the number of prisms 
per mmz is to calculate the three means (d), (y) and (x) from all themea- 
sured distances within the region. These means are then inserted into form- 
ula 11. The number of prisms per mm2 calculated in this way will be sym- 
bolized by adyx. The ratio K and the mean central distance D may also be 
calculated from (d), (y) and (x). 

The accuracy of the resultant adyx is dependent, however, on the degree 
of variation in prism size within the pattern. In addition, it is dependent 
on the distribution and the number of plotted prisms within the region. 

A more correct expression of the number of prisms per mm2 is obtained 
by calculating the product d * h for each triangle and inserting the mean 
(dh) into formula IV. The rzsultant a-value will be symboliz-d by areg. 



Fig. 2. Photomicrograph from the outer enamel surfaw. This region is called TI in the text. 
The a r r a  of the great rectangle i.; 15,000 p'. 452 prism renters w-ere counted within the rect- 
tangle. In 9 groups the central distances betw-een adjacent prisms have been traced forming 
continuous networks of unit triangles. The groups and trianFles are numbered. Each central 
tiistanrc was meaaured. The prratrr side of the rectangle is parallel to the long axis of the tooth. 
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d . h  represents the area of a parallelogram. Within the region, how- 
ever (dh) is equal to the theoretical mean area of the cross-sectioned prism 
and half the thickness of the surrounding interprismatic substance. 

To express the variation in prism density, i.e. the number of prisms per 
unit area within one region, the a-value may be calculated from the (dh) 
value for each group. From these group values which are designated by 
agr, is calculated the mcan (agr) and the standard deviation Sag.  The ac- 
curacy of (agr) is dependent on the distribution and the number of plotted 
prisms within the region. The accuracy of agr is not dependent on the varia- 
tion in prism size within the group. 

The ratio (K) is the mean of the K-values of all the triangles within the 
region. Thus a standard deviation is expressible and is designated by SK. 

When (K) approximately equals the value 1, and when (y) z (x), a ten- 
dency towards a symmetric hexagonal distribution of the prisms within the 
region is indicated. 

When (K) is markedly greater than the value 1, and when (y) z (x), a 

compression of the prism pattern in a direction parallel to the long axis 
of the tooth is indicated (Fosse, 19M b). 

The ratio K does not describe the ratio between y and x. Measurements 
conducted in numerous regions in different human teeth seem to indicate, 
however, that (y) and (x) for practical purposes are equal, and that (d)is 
either practically equal to or greater than (y) or (x). Usually, therefore, (K) 
alone is a sufficient description of the prismatic pattern without reference 

For each triangle with unequal sides, the side D of the equilateral triangle 
with the same area is calculated. The symbol (D) then designates the mean 
of the D-values of all the triangles within the region. (D) may be inter- 
preted as the mean size of the prism diameter within the region, including 
the interprismatic substance, and may thus be comparable to the length of 
the prism diameter given by other authors. A standard deviation is expres- 
sible and is symbolized by SD. 

to (4, (y) and (x). 

The selection of three different enamel regions 
for the calculation of a-, K- and D-values 
Three test regions were photographed and copied on 100 yo unschrinkable 
paper. The first, which is represented by Fig. 2, is later referred to as T,. 
The next two regions which are represented by Figs. 3 and 4, are later re- 
ferred to as T, and T, respectively. 



Fir. 3 .  Pliotomicrograph from the enamel nt-ar the amelorlentinal junction. This region is 
valletl T2. The arra of the F r a t  rectangle is 17.357 p2. 467 prism wntws  were counteil within 
the rrrtanple. The central distauces Iietw-een atl-iacent p r i m s  h a w  heen traced in 9 groups. 

Tht. shorter side of the rectanglv is parallel to the long axis of' thr tooth. 
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Fig. 4. Photomicrogiaph from the enamel near the amelodentical jnnction. This region is 
called T,. The area of the great rectangle is 17,357 p2. 561 prism centers were counted within 
the rectange. The central distances between adjacent prisms have been traced in 9 groups. 

The shorter side of the rectangle is parallel to the long axis of the tooth. 
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TI is a region near the outer enamel surface, while T, and T, are regions 
near thp anielodentinal junction where generally the prismatic pattern seems 
to he most irregular in the enamel of human permanent teeth. 

T, and T, represent t\to regions selected from an extensive material for 
their great irregularity of prism size and pattern combined with distinctness 
of prism contours. Regions of this sizz usually include areas in which the 
pri*ms seem to be confluent and uhere it is difficult to determine the exact 
number. 

On each of the three copies represented by Figs. 2, 3 and 4, a great rec- 
tangle has been drawn, the actual area of which has been calculated. This 
area bill be deqignated by F. 

All the prism centers within the rectangle were counted. All centers lying 
on two of the rectangle sides were included, Mhile all centers on the other 
t\\o were excluded from the final sum. 

The actual number nithin F was multiplied by - The theoretical re- 

sultant number of prisms per mma is called at. For each teast region the 
calculations described in the former chapter were performed. 

lmm2. 

F 

RESULTS 

Application and testing of method 
Elimination of triangles 
From each of the 9 groups within TI, T, and T,, about 7 triangles were se- 
lected, giving approximately 63 per test region. The selected triangles were 
situated along the margins of each group. For this selection the same cal- 
culations were carried out as for the full number of triangles. 

From this first selection 3 triangles were further picked from each group, 
making 27 triangles in all, representing the region. The same calculations 
were carried out for the second selection. 

The results of all these calculations for TI, T, and T, are listed in Tables 
I, I1 and 111. 

Tables IV, V and VI present the values of agr and (K)gr for each group, 
calculated for all the triangles and for the two selections. For each group 
the number of triangles is listed at the left-hand side. These tables demon- 
strate that agr varies less in TI than in T, and T,. 

) for the first 
selection of 68 triangles equalled 33 995 prisms while a t  equalled 32 321 
prisms. The difference constituted 5.1 76 of at. 

The maximum deviation from at was found in T, where (a gr 
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Table I 
Prism density and pattern near the outer enamel surface. Test region TI Fig. 2. Elimina- 

tion of triangles 

Vert. compr. Centr. dist. 
in microns 

ad- areg (agr) Sagr (K) sK (D) sD 

Tri- Groups Number of prisms/mma 
angles 

232 9 30083 30421 30452 1379 1.31 0.16 6.15 0.36 
62 9 29847 30105 30175 1225 1.30 0.14 6.18 0.30 
27 9 29966 30066 30224 2110 1.30 0.15 6.19 0.42 

The rectangle contains 452 prism centers. 
F = 15,000 p2 ): a t  = 30133 prisms/mm2 

Table I1 
Prism density and pattern near the amelondentinal junction. Test region T ,  Fig. 3. Elimina- 

tion of triangles 

Tri- Groups Number of prisms/mmz Vert. compr. Centr. dist. 
angles in microns 

279 9 26168 26787 26635 4132 1.19 0.22 6.52 0.75 
68 9 25928 26093 26869 3909 1.22 0.18 6.62 0.61 
27 9 26209 26852 27580 4545 1.24 0.20 6.55 0.65 

The rectangle contains 467 prism centers. 
F = 17,357 pa ): at = 26905 prisms/mm2 

Table I11 
Prism density and pattern near the amelodentinal junction. Test region T3 Fig. 4. Elimina- 

tion of triangles 

Number of prisms,/mm2 Vert. compr. Centr. dist. Tri- Groups 
angles in microns 

adyx areg (agr) Sagr (K) SK (D) sD 

352 9 32053 32622 32454 4486 1.07 0,20 5.91 0.61 

27 9 31940 32102 33333 6018 1.06 0,25 5.99 0.72 
68 9 32189 32727 33995 5707 1.07 0,21 5.89 cr.74 

The rectangle contains 561 prism centers. 
F = 17,357 p a  ) : at = 32321 prisms/mm2 



7 lie iiid\iiiitiiii  cle\ iation of areg, repre>eiitiiig all triangles, was  found in 
T3. \\liere areg equallet1 32 622 pri>iii> itliile a t  ecIiicilled 32 321 prisms. 
7’1ic. tlifferencc cori+titutetl 0.93 O0 of ‘ i t .  

Tahle IY 
Prism densit! trncl pattern. in t he  9 groups of’ test region T ,  Fig. 2. Elimination ~J’triangles 

r_ agr (K)gr I apr (K)pr A agr (K)pr 

27 30179 1.31 24 29891 1.30 25 29802 1.17 
7 31034 1.35 7 28113 1.20 7 30439 1.18 
3 30988 1.36 3 26631 1.30 3 32829 1.09 

24 28173 1.27 27 28694 1.33 28 32054 1.41 
7 20233 1.33 R 29638 1.31 7 32707 1.38 
3 28538 1.30 3 28216 1.32 3 32488 1.39 

27 32016 1.25 25 31290 1.33 26 31971 1.44 
0 30.533 1.22 7 29376 1.32 6 30499 1.44 
3 32488 1.21 3 28843 1.32 3 30998 1.41 

arep (K) 

62 30105 1.30 
27 30066 1.30 

232 30521 1.31 at = 30133 

Table V 
Privri densit) niirf ptrtterri in the 9 groiips oj  test region T ,  Fig. 3. Ellininntion of triangles 

,36 20253 1.19 23 22547 1.32 20 17860 1.14 
7 3151.5 1.11 8 23970 1.39 8 19519 1.21 
3 31075 1.07 3 24503 1.36 3 19817 1.22 

34 30473 1.24 27 24695 1.36 27 26029 1.12 
3.3574 1.11 8 24.314 1.45 8 25842 1.10 

.i .37216 1.14 3 2 , 3 1 5  1-32 3 26413 1.12 

-, 

36 28132 1.15 33 28132 1.15 41 31815 1.10 
I3 2794% 1.17 7 2i666 1.27 7 27276 1.17 
3 29069 1.12 3 28481 1.36 3 26226 1.23 

arep (K) 

68 26003 1.22 
27 26832 1.24 

279 26787 1.19 at = 26905 
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Table VI 
Prism density andpattern in the 9 groups of test region T3 Fig. 4 .  Elimination of triangles 

A agr (K>gl n aBr ( K ) P  n agr ( K > P  

27 23992 1.28 30 27392 0.99 36 34006 1.04 
8 21146 1.25 8 34807 1.02 7 31951 1.07 
3 21630 1.23 3 30220 0.92 3 29498 1.04 

36 29036 1.13 45 33249 1.03 40 36888 1.01 
7 29762 1.13 7 35464 1.06 8 40777 1,03 
3 28449 1.30 3 33840 1.03 3 40584 0.96 

47 36900 1.12 53 37902 1.02 38 32719 1.04 
7 41299 1.17 8 35473 0.96 8 35276 0.98 
3 40338 1.29 3 37878 0.82 3 37565 0.97 

All groups 
areg (K> 

352 32622 1.07 at = 32321 
68 32727 1.07 
27 32102 1.06 

Elimination of groups 
According to the tables, the greatest variation of 2gr was found in T,. 

For this region, therefore, areg and (K) were calculated after elimination 
of groups in different combinations. The results are presented in Table VII. 

In the left-hand column the numbers of the groups included in each 
experiment are given. 

These six experiments yielded 33068 prisms per mm2 as the maximum 
areg, and 32 331 prisms per mm2 as the minimum areg. The difference be- 
tween the maximum value and at represents 2.33 % of at. 

Table VII 
Prism density andpattern in test region T3 Fig. 4.  Elimination ojgroups 

areg (K> Experiment Groups included 

1 1,3,5,7,9 32331 1.09 
2 2,4,5,6,8 33068 1.07 
3 1,2,3,5,7,8,9 32605 1.07 
4 1,3,4,5,6,7,9 32435 1.08 
5 2,3,4,5,8,9 32583 1.04 
6 1,2,5,6,7,8 33025 1.06 

All groups 32622 1.07 
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The maziinuni difference by the calculation of areg in this experiment 
would occur if only one of the groups represented the region, and if this 
group consisted of the greatest or the smallest prisms. Groups number 1 
and number 8 represmted such extreme values for T,, since agrl = 23 992 
and agrl, agr8 = 37902. 

The ratio (K) was found to be 1.07 when all the groups and triangles were 
included. By the elimination of the groups a niasinium ratio of 1.09 and a 
mininium ratio of 1.04 occured. 

Testing of (K} 
The value of areg \\as compared to at  The ratio (K) may likewise be roughly 
tested hv mea-wing the distances between the firft and the last of a given 
number of prisms in linfar rol\s in the three directions Y, and Y3 within 
the repioii. Tliiq Mas done for 5 roitb in each of the three directioni. in TI. 
The mean length in the 1 direction \\as 9.0 cm+ in the V, direction 7.4 
c m ~  anti in the Y3 direction 7.4 cniq. The relationship between these three 
lentlis ihould correspond to the relationship hetueen (d), (y) and (k). The 
ratio I( was calculated for the lengths a n d  gale the \slue 1.32. In T, (K) 
eClLld1lCll 1.31. 

Plotting and mmsur inp  wrors 

The variation \\ithin the prismatic pattern esIires5ed by Sagr, SK an1  SD 
15 due partly to  measuring errors and partly to variation in the subjective 
interpretation of the prism center. The latter error is henceforth called the 
plotting error. 

Plotting errors in the middle of a prism group will not affect the resultant 
a p ;  neither nil1 measuring errors if they are not systematic. The error$ will 
neutralize one another. Plotting errors at the borders of the group, however, 
will affect the result. Such marginal errors are included in the resultant 
agr and (K)gr and thus also in areg and (K). 

To  determine the magnitude of the marginal plotting error and the mea- 
wring error, one group of 16 pri$ni> of fairly variable form arid 4ze Jtas 
plotted 9 times, \+itti a time lapse of a full rear between the first and the last 
plotting . 

In Table 1-111 are given the results for agr, (K)gr and (D)gr. The standard 
tleviatioiie for the 9 values for agr, (K)gr and (D)gr have also been prekented 
in the table. 

Sagr = 383 may be regarded as a general estimate of the plotting and 
measuring error combined and may thus be compared with Sagr for any 
region. 
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Table VIII 
Marginal plotting and measuring errors by 9 plottings of the same prism group consisting 

of 18 triangles and 16prisms 

Plott. Prisrns/mrn2 Vert. compr. Centr. dist. 
no. in microns 

agr (K)gr SK @)gr SD 

32408 
33210 
32083 
32266 
32617 
33166 
32652 
32336 
32988 

1.15 0.19 5.95 0.35 
1.13 0.15 5.88 0.28 
1.17 0.14 5.99 0.31 
1.18 0.13 5.97 0.25 
1.14 0.16 5.94 0.28 
1.16 0.18 5.89 0.29 
1.16 0.16 5.93 0.31 
1.14 0.18 5.97 0.23 
1.15 0.13 5.90 0.33 

Mean 32636 1.15 5.94 

St.dev. 383 0.015 0.036 

Table IX 
Plotting and measuring errors in K and D by 9plottings of 4 dqferent triangles 

Plott. 
no. 

Vert. compression Central distance 
in microns 

K, K2 K3 K4 D l  D2 D3 D4 

1.54 
1.34 
1.39 
1.34 
1.42 
1.60 
1.34 
1.46 
1.38 

1.54 
1.46 
1.39 
1.51 
1.47 
1.47 
1.59 
1.46 
1.27 

1.25 1.41 
1.10 1.36 
1.09 1.23 
1.25 1.25 
1.04 1.05 
1.18 1.18 
1.27 1.32 
1.30 1.30 
1.04 1.23 

5.75 5.75 
5.86 5,91 
6.06 6.06 
5.86 6.10 
5.69 5.88 
5.37 5.88 
5.86 5.94 
5.91 5.91 
6.01 6.01 

5.43 6.01 
5.45 5.82 
5.81 6.11 
5.75 5.75 
5.95 6.27 
5.91 5.91 
6.01 6.22 
5.63 5.94 
5.59 6.11 

~ 

Mean 1.42 1.46 1.16 1.25 5.82 5.93 5.72 6.01 

St. dev. 0.088 0.086 0.097 0.100 0.19 0.10 0.20 0.16 



S(k)gr = 0.015 a w l  S(D)gr = 0.036 also reprebent ineaburing plus mar- 
ginal plotting error>.. Rut the-e laliics cannot be compared nith SK and SD 
bince the Litter include not only marginal plotting errors but also plotting 
error< in tlie middle of tlie groups. 

To c\alu,ite the inherent trrors of SK and SD the 9 K and D->dues for 
the firbt four trianglts ikere taliulatecl and their ?tandard depidtions were 
calctiljted for ‘111 four triangles separately. The rr$ults are prebented in 
Table Ik. 

The standard (lei idtion? a t  the bottom of the table express measuring and 
plotting errors and inav be compared uith SK and SD for any group or region. 

The inherent plotting and nieahuring errors of the actually measured 
centrd clistancrs were calcii1,ittd in a 4inilar manner, using the first 4 tri- 
angle< of tlie 9 plotting?. Thc result concerning d J \as  apprournatfly 0.25 p. 

DISCUSSION 

Chase (1927) tried to determine the mean area of the cross-sectioned prisms. 
The total outer surface of the enamel mantle was divided by this area to 
rlrterinine the approximate total number of prisms on the outer surface. 
Chaw &ti not explicitly state how this area was calculated. 

Fo>w (1964 a) calculated an a\-erage prism number per inm2 by squaring 
the number of prisnis couiited per length unit and offered no expression 
coiniwd)le to the conception prism area or prism diameter. 

By the present niethod the number of 1)risrns per mni2 is calculated by 
dividing 1 nim2 hp (c’lh). The valae of (dh) must be regarded as the theoretical 
size of the mean prism area pliis half the thickness of the surrounding inter- 
prismatic substance. 

The direct counting of cross-sectioned prisms within areas of known size 
i!: the &nplest niethotl of assessing the number of prisms per square unit. 

For the three tebt regions the prisms within the rectangles were counted 
and from the results were calculated the niiinber of prisms per mm2. How- 
ever, at also included marginal errors which originated while counting the 
center5 along the borders. 

It ir  difficult to  find an area of the size of 15,000 ,u2 or above, where all 
the lirisnia have been made ~ic ih l e  by the applied staining method. If, there- 
fore, the number of prisms per square unit should he assessed by counting, 
such counting would have to be carried out in several smaller areas \+ithin 
the greater region. The border error would thus be greater than by  count- 
ing a11 the prisms within the region. One woultl also have to use counting 
area- of varying form and size. 
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Also, simply counting the prisms would not give information about prism- 
distribution, (K), and the variations in prism size and diameter. 

In this paper the central distances have been identified with prism diamet- 
ers if the latter include the interprismatic substance. This definition was 
also given by Chase (1927a). 

Such prism diameters are, however, only identical to the central distances 
if they are orientated in the directions V,, V, and V,. These directions are 
determined by the distributional pattern of the prism centers. 

Within a given distributional pattern of prism centers any prism form 
and combination of forms may be imagined; elipses or hexagons, open 
arcades or irregular polygons, and all with varying amounts of interprismatic 
substance. Therefore, neither the diameters of prisms in arbitrary directions, 
nor their form, determine their number or distributional pattern. 

In this paper the number of prisms per unit area is always related to  the 
unit 1 mm2. This does not mean that areg represents a sample from 1 mm2 
surrounding the plotted region, since this constitutes only about 1/60 of 
1 mnia for the three test regions presented. 1 mma is used as the most per- 
spicuous unit. The a-values, therefore, always refer to the plotted region, 
and represent only the actually plotted prisms within the region. 

For each test region there was good agreement among the three values of 
areg representing all the triangles and the two selections of triangles. The 
tables IV, V and VI demonstrate directly that the greatest difference be- 
tween at and areg would occur if too few groups represented the region. 

The varying values of areg and (K) in table VII also demonstrate how 
these values would vary if different plottings of the same region were car- 
ried out, and if the number and distribution of the representative groups 
had been chosen differently in each plotting. This test then evaluates the 
deviations occuring when determining the number of prisms per mm2 by 
the method presented in this paper. 

It is immediately evident that the maximum difference between areg and 
the true density might occur in any region if it were represented by only 
one triangle. Since areg is the correct representation of the density of the 
plotted prisms, it is obvious that the number of prisms within any region 
may be calculated as accurately as desired by increasing the number of 
plotted prisms. When all prisms within the region are plotted, the best 
representation of the true density of the region has been obtained. How- 
ever, the marginal error is inevitable. 

It is also abvious that a good approximation to the true density would be 
obtained if an adequate distribution of a few triangles within the region 
could be chosen. An adequate distribution would mean a ))balancedo repre- 
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>entation of prism sizes about the ,mean prism size)). It is of course not pos- 
iible to carry oct a obalancedo plotting. However, by covering the region 
evenly the resultant areg should always be a far better estimate of the true 
density than areg calculated from the smallest or the biggest triangle alone. 
Therefore, an even distribution of plotted groups uithin the region is aimed 
at, rather than a higher number of prisms within fe- groups in an uneven 
distribution. 

By the plotting of one group 9 times an expression Mas obtained describ- 
ing the measuring error and the marginal plotting error affecting the re- 
sultant agr, see Table YIII. 

The magnitude of these errors indicated that Sagr genarally describes a 
genuine variation in prism bize. 

Sagr is, however, dependent 011 the number, size and location of the groups 
nithin the region and must not be taken as the absolute definition of the 
variations in prism size. Comparisons between different Sagr values repre- 
senting different regions seem safe, however. 

Table IX demonstrated for one test group that a considerable percentage 
of SK arid SD consisted of measuring and plotting errors. The absolute 
values of these expressions are therefore not representative of the real varia- 
tions in prism pattern. In comparisons betheen groups and regions they 
niay be useful, however. 

The variation of actually measured central distances within a region might 
be expressed by the standard deviations of d, y and x and symbolized by 
s d ,  Sy and Sx . They are always greater than SD. The plotting and measuring 
errors in these standard deviations have been calculated and average 0.25 
micron. This value approximates the size of the difference between s d ,  
SY or Sx and SD, which averages 0.39 micron and is quite constant for all 
Sagr and SD. Therefore SD may be a good estimate of the real variation 
of the prism diameters, although by definition SD reflects the variation 
of d * 11, cf. formula IV. The method described above was used in inves- 
tigations to be presented in a series of paper3 in this journal. 

SUMMARY 

'The author introduced the concept central distance between the apparent 
centers of two adjacent prisms. Kithin groups of cross-sectioned prisms the 
apparent center of each prism was plotted. The groups were evenly distrib- 
uted within a region of a given extent. 

Within each group every central distance betw-een each pair of adjacent 
prisms via+ measured. 



PRISMS AND AMELOBLASTS IN DENTAL ENAMEL AND TOOTH GERMT I11 333 

The results were treated mathematically to obtain expressions describing 
the number of prisms, their distributional pattern and the variations in their 
dimensions within the region. 

The central didtances might also be regarded as the diameters of the 
prisms under certain reservations. 

The author demonstrated how he had tested the method by counting all 
the prisms within three different test regions of known area. Within the 
same regions the numbers of prisms had been calculated by the method 
outlined above. 

The results were listed in tables. In the tables at designated the number 
of prisms per mm2, calculated by direct counting, areg designated the num- 
ber of prisms per mm2 calculated by means of the central distances, and 
(D) designated the mean central distance of the prisms. The results may be 
condensed as follows: 

Test region at areg (D) 
1 30 133 30 421 6.15 microns 
2 26 905 26 787 6.52 o 
3 32 321 32 622 5.91 D 

The tests also demonstrated that plotting a few prisms, if they were uni- 
formly distributed within the region, yielded a good approximation to the 
counted number within the same region. 

The method makes it possible to detect and describe any compression 
or distension of the prismatic pattern directed in the plane where the mea- 
surements are carried out. 

R ~ S U M ~  

CALCUL DU DIAMETRE DES PRISMES ET DU NOMBRE DE PRISMES PAR  UNIT^ 
DE SURFACE DANS L%MAIL DENTAIRE 

La notion de distance centrale entre les centres apparents de deux prismes 
adjacents est introduite par l’auteur. Dans des groupes de prismes en coupe 
transversale, le centre apparent de chaque prisme a dtC marquC. Les groupes 
Ctaient repartis uniformdment dans une rCgion d’Ctendue dCtermin6e. 

Dans chaque groupe, on a mesurd les distances centrales entre chaque 
paire de prismes adjacents. 

Par traitement math6matique des rCsultats, on a obtenu des expressions 
descriptives du nombre de prismes, de leur mode de rkpartition et des varia- 
tions de leurs dimensions dans la rCgion. 
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-1 certaines rkervea p r k ,  les dihtances centrales pouvaierit aussi Ctre 
consitl6ries coninie le,: dianibtres des priames. 

L'autetir a montre comment il a fait I'6preuve de la niethode en comptant 
tous les prisnies ( lam trois regions diffkrentes de surface connue. naris les 
niCiiiw rigioiis, le nombre de prismes arait CtC calculC par la mCthode dC- 
crite ci-tlesms. 

Lc,< rCsultats ont Ct6 notea sous forrne cle tableaux dans lesquels a t  dksigne 
lr  rionibre de prisiiies par mm2, calcule en cornptant directement, areg dC- 
hiplie le iioiiibrr tle prisinee par nini2, calculC au nioyen des distances cen- 
trales tles prisiiies, et (D) dkaigne la moyenne des distances centrales des 
prisnies. Les r k u l t a t s  peiivent Ctre r6suniCs coniiiie suit: 

'Testregion 
1 
2 
s 

at areg (D) 
30 133 30 3.21 6.15 microns 
26 905 26 787 6.52 R 

32 321 32 622 5.91 H 

Les tests ont du';?i mi- en  Cvidence que, s'ils soiit uniformCment rCpartis 
d m s  la rPgion. le tract. de qiielques prisiies donne une bonne approximation 
d u  iioinbre t row6  en comptant pour la mCnie region. 

Cette methode permet de dCceler et de decrire toute compression ou dis- 
persion de la distribution des prismes dans le  plan 06 les mesures sont pra- 
tiqu@e.. 

ZLS %VZIEYF\SSLYG 

D I C  HLRECII \LAG 1 O \  PRISZlE1DLRCII \ IESSER UND A\ZAHL DER PRISMEN 

PER F L ~ C H E \ E I Z I I E I T  I V  Z&HRSCHIIELZ 

I )cr 1 erfasqer introduderte den  Begriff Zentralabbtand i w i ~ h e i i  den scheiii- 
1)areii Zeritren 7 on 714 ei beiliegenden Priamen. Innerhalb Gruppeii von 
Iii~eree-clinitteiieii Prirmen M urde d a s  sclieiiibare Zentruni jedeq Prismds 
geinarkt. Dir Grtippen i\arrii gleichni%sig verteilt innerhalb eineni Re- 
reiche einer I,est~mniten Grb5.-e. 

urde der Zentralabstand misclien jedem Padr 
1 on Lenaclibarteii Yri+men geriiesseri. ,Ille Zentralabstande wiirdeii danach 
tnatematisch heliandelt uni luvlriiche 111 erreichen, die hrizahl, Mukter 
t i r i d  tlrreii \-ariationen 1)e-clirieLen. 

Die Zrntmlabstatide mocliten auch 'il? I'ri-riiendurchmesser betr~iclitet 

Innerhalb jeder Gruppe 

\\ertlen. 
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Es wurde demonstriert wie die hlethode kontrolliert geworden war, durch 
die Zahlung von allen Prismen innerhalb drei verschiedener Testregionen 
von bekannter Grosse. 

Innerhalb derselbigen Regionen waren auch die Anzahlen mittels dcr 
oben besctiriebenen matematischen Methode berechnet worden. Die Er- 
gebnisse wurden tabellarisch dargestellt. In den Tabellen beztichnete at 
die Zahl der Prismen per mm2, die durch unittelbare Zahlung berechnet 
war, weil areg bezeichnete die Zahl per mm2, die mittels der Zentralabstande 
berechnet war. (D) bezeichnete den mittleren Zentralabstand der Prismen 
in der Region. 

Die Ergebnisse mochten folgendermassen zusammengefasst werden : 

Testregion at areg (D) 
1 30 133 30 421 6.15 microns 
2 26 905 26 787 6.52 B 

3 32 321 32 622 5.91 )) 

Die Versuche demonstrierten auch dass man nur wenige Zentralabstande 
innerhalb einer Kegion messen brauche, um ein ganz genaues Resultat zu 
erreichen. 

Die Methode ermoglicht das Nachweisen und quantitative Reschreibung 
aller systematischen Deformationen des Musters der quergexhnitten.cn Pris- 
men. 

REFERENCES 

Boyde A., 1964: The structure and development of mammalian enamel. Thesis. Depart. of 

Bodecker C. F., 1927: The Bacterial Invasion of the Enamel in Dental Caries. Dent. Cosmos: 

Chase S. W., 1927 a: The number of enamel prisms in human teeth. J. Amer. Dent. Ass. 
14: 491L4.92. 

-8- 1927 b: The enamel prisms and the interprismatic substance. Anat. Rec. 36: 239-258. 
Eisenberg M. J., 1938: A microscopic study of the surface enamel of human teeth. Anat. 

Rec. 71 : 221-226. 
Fosse G., 1964 a :  The number of prism bases on the inner and outer surface of the enamel 

mantle of human teeth. J. Dent. Res. 43: 57-63. 
->)- 1964 b: A preliminary report on the distributional pattern of prism bases on the outer 

surface of the enamel mantle of human teeth. Kgl. N. Vidensk. Selsk. Skr. 37: 8-12. 
Freiberg K., 1939: Uber die Gestalt der Schmelzsaulen. Z. Zellforsch. 29: 39-04. 
Helmcke J. G., 1964: Kombination yon elektronenmikroskopischen und neuen lichtmikro- 

skopischen Untersuchungsmetoden fur Strukturen des Zahnschmelzes. Advances 
fluorine res. 2: 127-139. 

Hinrichsen C. F. L. & M. B. Engel, 1966: Fine structure of partially demineralized enamel. 

Anat. The London Hosp. Med. Coll., London. In stensil. 

69: 987-1002. 

Arch. Oral Biol. 11: 65-93. 



336 GISLE FOSSE 

Hopeu:ell-Smith A . .  1926: Concerning human enamel: Facts, explanations and applications. 

Kolliker -4.: 1859: Handbuch der Gewebelehre, Leipzig, Filhelm Engelman, p. 387. 
I farcus  H.. 1931 : Zur Phl-logenie der Schmelzprismen. Z. Zellforsch. 12: 3 9 5 4 2 9 .  
-\gerkel E.. 1935: IJber die Gestaltung der Schmelz-Dentingrrnze und die Form der Schmelz- 

prismen in mensrhlichen Zahnen; Inaugural-Dissertation in Breslau. Akadem. Dissert. 
Pickerill H.  P.. 1913: The structure of Enamel. Dent. Cosmos, 5.5: 969-988. 
Rvrnnriiuk K. & F. R. Schrctff, 1965: Directional variation in the terminal portions of the 

enamel rods in human deciduous teeth. J. Dent. Res. 44:  Supplement: New Zealand 
-4bstr. 1208. 

Snireker E., 1930: Histologische L-ntersuchungen iiber den Bau des Schmelzes der Hunde- 

Iv olf J.  1942: Der Einflues der Amrloblastenverschiebungen auf die Gestalt und den Ver- 
lauf tler Schmelzprismen. Dtsch. Zahn-, l lund- ti. Kieferheilk. 9: 488-522. 

Yosida R., 1938: Die Untersuchung iiber den Durchmesser der Zahnschmelzprisrnen des 
\Ienschen und der Tieren. Kokuh. Zass. 12: 1-13. 

- - d  - 1938: F'ergleichende Untersuchungen iiber den Durchmesser der Schrnelzprismen 
in menschlichm Zihnen und verschiedenen Arten von Tierzahnen. Kokub. Zass. 
12: 14 --I;. 

Dent. Cosmos, 68: 639-667. 

zahne. Z. Stomat. 28: 1030-1038. 


