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It is generally known that the siiialler the convergence angle 
between the opposite surfaces of the truncated cone is, the better 
will the retention be in a ceiiiented veneer crown. So far, how- 
ever, the relation between these two factors has not been analyzed 
in laboratory tests. 

If the retention in 3 per i i i i i ie  of the conical surface of the 
truncated cone is plotted as ordinate in a coordinate system with 
the convergence angle as abscissa (fig. 21, one iiiay expect the 
relation sought to be expressed by a curve of one of the follow- 
ing three types: 

1) The curve begins on the axis of ordinates at a height deter- 
mined by the experiiiiental conditions. Froin this point it descends 
to the right, curving downward as it proceeds. - If the curve 
has this shape, the retention of the cemented crown will decrease 
relatively little with beginning deviation from parallelisin be- 
tween the opposite surfaces of the cone. 

2)  The curve describes a straight line from a point on the 
axis of ordinates to a point on the axis of abscissas. - In this 
case the retention of the crown will decrease gradually with an 
increase of the convergence angle. 

The retention 
of the crown will decrease considerably a t  beginning deviation 
from parallelism between the opposite surfaces of the cone. 

The actual relation between the two abovementioned variables 
was shown in the following way: 

3 )  The curve takes the course shown in fig. 2. 
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Fig.  1 .  'l'ruiic.:rted cone  and C:III ,  :IS used i i i  t h e  cspc-rirnetits; v iiitlienlcs tile 
coll\ergcncr ang lc  < I f  t h e  ecllle. 

Instead o f  nutur:il teeth cones o f  galnlith were used ; they had 
the following diinensions (fig. I ; I )  : The Ilase was 8 i i i i i i  i n  dia- 
iiieter arid 8 inin i n  heiglil; t h e  vertical :ingle o f  the cone ( t h e  
convergence angle) h:id the values 5, 10, 15, 20, 2 5 ,  36 o r  45". 
The  cones were ii1:ide on :I lathe t o  : in  :iccur:icy of  i 0.005 inin. 
In  order to ensure uniforiii surfaces the s:tiiie turning tool mid, 
:IS fnr  :IS possible, the saiiie turning technic were used for all 
tlie cones. l'he surf:tce W;IS in every case dull :iiid without \.isible 
turning 1ii:irlts. For each vertical angle 1 0  cones were iiiatle. 'l'hc 
cones were provided with 1i:indles s o  that  they could be iiiouiitetl 
in  the  iiiachiiie for tensile testing. 

1nste:itl o f  cast crowns brass caps were used. Like  the cones 
their  inside surfaces were turned with the s:iiiie tool :inti :it the 
s:iiiie speed. For each \.ertic:tl :ingle 3 c : i p  were i1i:icie. A s  i t  
w a s  desired to  exaiiiine the retention hetween the oblique sur- 
fnces of  the cone and tlie cap only, ;I cy1indric:il hole was iiiade 



in  continuation of the  conic:il hore of the cap (fig. 1 c ) .  The cap 
a l s o  w a s  pro~it le t l  with :I h:indle, s o  that  it  could he inountetl 
in the  testing iii:rchine. 

T h e  saiiie hr:rnd of  phosphate ceincnl was used for all the 
ceinentations, in :I mixing 1)roportion to  giye norm:il consistency 
according to A.D.A.  specification No. X.  Spt i i la t ion  :inti cetiient:i- 
tion were perforiiied :iccording to :I st:ind:irdized technic. The 
ceiiien t ation pressure, which :I iiioun t ed to 4 I( g in t h e  st :ind:ird 
experiiiients, w a s  1naint:iined for 1 0  iiiinutes. I n  order to 
prevent the excess ceincnl that  wxs prc4sed out into the cy- 
lindric:iI part of the  hr:iss c;ip froun influencing t h e  results o f  
the  tensile tests, the  end s u r f x e s  o f  the cones were \xixed before 
ceiiient:ition. To :\void errors in t h e  cetiient:ition pressure,  :I trans- 
vers:rl hore leading f r o i n  the cy1indric:il h r e  i n  the c:ips to their  
external surfaces WIS i1i:itlc Lo provide an  outlet  for entr:ipped 
air  (fig. 1 c ) .  

The retention between the ohliqiie surf:ices of the cone a n d  the 
cap w a s  1ne:isured 24 h o u i ~ s  after ceiiient:rtion by pulling them 
apart. The tensile tests were made in :I 1,osenh;iusen testing nia- 
chine (ii1:ixiiiiuiii 1,000 kg ) .  The rate of pull was ca. 500 g per sec. 

T h e  experiinent:il results :ire shown in  1:ihle I. 

‘Table I 

1.57 
1.20 
0.  !I li 
0.97 
O.(il 
0 . 7 3  
0.40 

81.3 
11 .1  
35.3 
2 3 ,7 
17 .3  
l x . l  
13 .7  

i i  indicates the nuinher of tensile tests, hl the 1iie;iii value, p the  
stmdnrd error  o f  the ine:rn, (j the standard deyiation, A the SLIP 

face area of the cone in i i i i i i ~  :ind R l  + A the iiiean value ol‘ the  
retention in g/iiiiii?. 

T h e  reh t ion  between hl + A :ind the convergence is presented 
in the coordinate system in fig. 2 a s  oiwn circles. T h e  curve by 
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which they are coordinated is a hyperbola. Its formula from the 
values at 5 "  and 45" is coinputed to be (y  - 5.5) . x = 380. By 
means of this formula the ordinate values for con17ergenee itngles 
of 2", 3', 60" and 90" were computed and plotted in the co- 
ordinate system (crosses). 

A sinall number of tensile tests were iiiade after cement a t' ion 
pressures of 0.5 kg or 10 I<$. For the lower pressure it was found 
that the retention value for each angle of convergence was within 
the tabulated values for M i- U, while the values for the higher 
cenientation pressure in every case exceeded the ttibulnted w l u e  
for M -C U. 

The influence of the snioothness of the surface was examined 
by scratching the inside surface of the brass cap with a piece of 
sand paper No. 0. The scratching was so slight a s  to be scarcely 
visible to the naked eye. It was perfornied with the caps fixed 
in  the lathe, and the time :ind pressure of the scratching were 
made a s  uniform as possible. Only the brass surface was scratch- 
ed, because the preceding experiments had shown that the cement 
always adhered to the cone after the tension tests. 

The results of the tensile tests with scratched brass caps are 
shown in table 11. 

1.66 
0.75 

Table I1 

5.23 1 144 
2.38 1 112 

10 i 24.91 
10 ~ 19.52 
10 19.36 
1 0  18.46 
10 8.70 
1 0  13.76 
10 ~ 6.43 

129.7 
106.1 

109.9 
54.4 
95.6 
57.4 

110.0 

- -  

Table I1 shows in every case a substantial increase in  the re- 
tention, as coinpared with the corresponding figures for non- 
scratched caps. Further it will be seen (figure 2, filled circles) 
that no regular relationship was found between convergence 
angle and retention. This is undoubtedly due to the fact that the 
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Fig. 2. The relation between the retention arid the convergence angle in 
cemented veneer crowns. 

Open circles : The mean value found for the retention in non-scratched crowns. 
Crosses : Calculated values oqtside the experimental range. 

Filled circles: The mean value found for the retention in scratched crowns. 

degree of roughness on the inside surface of the brass caps w a s  
not standardized. The author knows of no method of standardiz- 
ing the scratching of surfaces of the type in question. 

SUMMARY 

A report is given of some investigations on the relationship 
between the retentive force and the angle of convergence in ce- 
mented veneer crowns. The relation is shown to be a hyperbola 
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(fig. 2 )  with tlie f o r i i i u l : i  ( y  ~ ~ : I )  . s = I<, where y is the reten- 
tion i n  g per i i i i i i f ,  s t h e  convergence :ingle, atid :I and I< con- 
stants. 'I'he retention is sii1)st:inti:illy incrc:ised by :I very sliglil 
scr:itching o f  the surfaces lhat  :ire l o  be ceti icntetl  logelher. 




