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ABSTRACT

Aim: To determine if boxes or grooves were effective in 
enhancing the retention of full veneer crowns.

Materials and methods: Ten full veneer crown preparations 
were machined out of brass with 10 different configurations. 
They consisted of a plain short preparation, a plain long 
preparation and preparations with 1 to 4 boxes or 1 to 4 
grooves. Ten gold castings were fabricated for each prepa-
ration and the cemented. An Instron* was used to remove 
the castings with the force required recorded in Newtons.

Results: Statistical differences were found in retention 
between various configurations with boxes being universally 
more retentive than grooves or the plain crowns.

Conclusion: All the box conf igurations signif icantly 
enhanced retention. Therefore, one box alone would provide 
the enhanced retention needed for a full veneer crown with-
out the need to create additional retention features.
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INTRODUCTION

In today’s world of bonded restorations, resistance and 
retention features are often overlooked in the preparation 
design for full veneer crowns. Historically, those features 
were considered critical in the long-term success of cast 
restorations. It is a dental axiom that adequate retention/
resistance form must be established when preparing 
teeth for full veneer crowns. To achieve this, there are 

certain critical factors, such as taper, length, and reten-
tive surface area that must be considered.1 For the usual 
clinical crown, the operator has considerable latitude in 
how much he can vary some of these factors with altering 
taper/convergence being the most common. Jorgensen2 
in 1955 was among the first to determine experimentally 
that as taper increased retention decreased. In consi-
deration of this phenomenon, a number of authors have 
recommended what they consider to be ideal tapers. 
Johnston’s text3 recommends a taper of 3 to 5º. 

Tylman4 has recommended and ideal taper of 2 to 
5º, Rosenestiel5 has also recommended a 3 to 5º taper 
while Shillingburg6 text relates that 16º was acceptable 
in certain teeth. Weed et al,7 however, found that dental 
students treating clinical patients produced an average 
of 22.8º of taper on posterior teeth. As can be determined 
by simple geometry, for a crown of the same length, as 
taper decreases the surface area decrease and, therefore, 
so does the retention. Therefore, when dealing with a 
short clinical crown, especially when crown lengthen-
ing is not indicated, additional methods of increasing 
retention may be considered. Some clinicians advocate 
the use of auxiliary retentive forms, such as boxes and 
grooves to increase the retentive characteristics of those 
short preparations.8,9 Reisbick10 reported that grooves did 
not aid in the retention of full crowns and Rosenestiel11 
recommended flared boxes or ‘U’ shaped grooves. 

This short study was performed to compare the 
retentive relationships of boxes and grooves in contrast 
to crowns without additional retention features. There 
were two objectives to this study:
1. Comparing boxes and grooves and their effect on 

increasing retention.
2. The optimal number of boxes and or grooves to 

increase retention.

MATERIALS AND METHODS

Ten simulated full veneer crown preparations were 
machined out of brass, each with a different simulated 
crown configuration. They consisted of a short plain 
short crown 4.3 mm in length at the cups tip and 3.8 mm 
at the simulated marginal ridge and a long plain crown 
7.00 mm in length at the cusp tip and 5.2 mm at the 
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simulated marginal ridge (Fig. 1). The eight other pre-
parations consisted of four short crowns with 1, 2, 3, 
and 4 grooves (Fig. 2) and four short crowns with 1, 2, 3, 
and 4 (Fig. 3) boxes respectively, which were also 4.3 mm 
in length at the cups tip and 3.8 mm at the simulated 
marginal ridge. The convergence angle was 10.0º with 
a 0.5 mm chamfer margin. The boxes and grooves were 
all prepared with a 2º taper of the walls. The boxes and 
grooves on the mesial and distal surfaces were 2.5 mm 
long and those on the facial and lingual surfaces were 3.8 
mm long. All boxes were 1.0 m wide and 1.0 mm deep at 
their base and had sharp line angles. The grooves were 
shaped like half cones with rounded ends and with the 
wider portion toward the occlusal surface. The width of 
the base of the groove was 1.5 m and was 0.75 mm deep.

The boxes and grooves were placed in the same 
position on their respective preparations, the first one 
on the mesial the second on the distal the third on the 

facial and the forth on the lingual. Wax patterns were 
fabricated directly on the preparations and sprued with 
a ‘U’ shaped loop to facilitate in the casting removal for 
testing. The patterns were invested, burnt-out, and then 
cast in type three gold using conventional materials 
and methods. The castings were reseated on the brass 
preparations and the margins examined (Fig. 4). Any 
casting with a defect that would prevent its seating or 
any margin open greater than 50 microns was remade. 
All castings were vented on the occlusal surface prior to 
cementation to improve the marginal fit.12 The castings 
were cemented with zinc phosphate cement and allowed 
to set 24 hours before testing. An Instron (Illinois Tool 
Works Inc) universal testing machine (Fig. 5) was used 
to remove the castings from their preparations and the 
tensile forces involved recorded in Newtons. Ten new 
acceptable castings for each preparation were made and 
tested for a total of 100 castings. 

Fig. 1: On left plain 7 mm preparation, on the right 4.3 mm 
preparation

Fig. 2: Crown preparations with grooves: left rear—4 grooves, left 
front—3 grooves, center—7 mm long plain crown, right rear—2 
grooves and right front—1 groove

Fig. 3: Crown preparations with boxes: left rear—3 boxes, left 
front—4 boxes, center—7 mm long plain crown, right rear—2 boxes 
and right front—1 box

Fig. 4: Cemented and vented casting prepared for testing 
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RESULTS

The ten groups of data were analyzed by a one way 
analysis of variance (ANOVA) and a significant F-value 
was obtained, p = 0.0001 (Table 1). A Duncan’s test was used 
to demonstrate where the differences existed (Table 2).

DISCUSSION

Grooves as a group were significantly inferior to boxes 
for increasing retention. The one, two, and three groove 
preparations demonstrated no improvement in retention 
when compared to the plain short crown. Only the 
four groove preparation had a significant increase of 
retention. All box preparations were superior to all 
other preparations types evaluated. When evaluated 
as a separate group, the number of boxes were of no 

Table 1: Analysis of variance

Groups Number of subjects Mean deviation Standard deviation
1 10 586 135.12
2 10 517 165.7
3 10 548 153.97
4 10 633 93.5
5 10 358 131.72
6 10 310 107.7
7 10 304 92.08
8 10 336 119.28
9 10 487 7836
10 10 457 59.82

SS df MS f p
Between 1,297,424.000 9 144,158.222 10.328 0.0001

Within 1,256,176.808 90 13,957.520

Total 2,553,600.808 99

1 Box = group 1 4 Box = group 4 3 Groove = group 8
2 Box = group 2 4.3 Crown = group 5 4 Groove = group 9
3 Box = group 3 1 Groove = group 6 7.0 Crown = group 10

2 Groove = group 7

Table 2: Duncan’s multiple range test

Means A B C D E F G H I J Shortest significant range
304 310 336 358 456 487 517 548 586 633

A   304 6 32 54 152 183 213 244 282 329 R2   = 105.6
B  310 26 48 146 177 207 328 276 323 R3   =  111.2
C  336 22 120 151 181 212 250 297 R4   =  114.8
D  358 98 129 159 190 228 275 R5   =  117.4
E  456 31 61 92 130 177 R6   = 119.4
F  487 30 61 99 146 R7   = 121.0
G  517 31 69 116 R8   = 122.4
H  584 38 85 R9   =  123.5
I  586 47 R10  =  124.5

A = 2 grooves D = 4.3 mm crown H = 3 boxes
B = 1 groove E = 7.0 mm crown I = 1 box
C = 3 grooves F = 4 grooves J = 4 boxes

Fig. 5: Casting being tensile tested on universal testing machine 
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statistical difference for increasing retention. Therefore, 
one well-prepared box was statistically as retentive as 
four well-placed boxes. Based on the results of this study, 
the use of grooves is not recommended for increasing 
the retention of short clinical crowns. Boxes are the 
auxiliary retentive feature recommended because of the 
demonstrated superiority to both the plain and grooved 
preparations. The optimum number of boxes to be used 
is not recommended because no statistical difference 
could be determined.

CONCLUSION

The main observation that can be drawn from this study 
is that preparations types may be rank ordered as:
• Least effective:  1 to 3 grooves and the short crown
• Moderate effect:  4 grooves and the long crown
• Most effective:  all boxes

Overall, it was observed that: (1) long crowns are more 
retentive than short crowns, (2) boxes are superior to 
grooves for increasing retention and that (3) at least one 
well prepared and placed box will significantly increase 
the retention of a short clinical crown. The results of the 
present study are intriguing and should be interpreted 
from a clinical perspective.13
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