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Zinc-phosphate cement represents one of the luting 
agents that bonds by mechanical interlocking. It relies on 
penetration into surface irregularities.‘-’ Thus surface 
roughness enhances the mechanical bond or retention of 
this type of cement.’ It has also been reported that 
roughening the metal surface improves the mechanical 
bonding of cement.4x ’ 

On the other hand, glass ionomer and polycarboxylate 
cement attain their adhesion through physicochemical 
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Fig. 1. A, An unpolished preparation. (Original magnification x5.) B, A polished 
preparation. (Original magnific&ion X5.) 

bonding. There is an actual ionic chemical reaction 
between the calcium of the hydroxyapatite and carboxyl 
ions of a polyacrylic acid.@ Appropriate cleansing and 
polishing of the tooth preparation will facilitate this 
chemical bond.‘~8-‘2 The chemical bonding between glass 
ionomer (alumino silicate polyacrylic acid) or polycar- 
boxylate cement and tooth structure can be achieved only 
with a chemically clean tooth surface. Application of 
polyacrylic acid liquid to the preparation followed by a 
thorough rinsing with water was suggested to achieve a 
clean surface.13 The polyacrylic acid removes the organic 
film (biolilm) from the surface of the preparation.13 

Polishing the tooth surface may also improve the 
hydrodynamic condition by bringing about the greatest 
possible flow of cement during the initial stage of 
cementation. In turn, this may enhance the seating of 
crowns. 

The purpose of this study was to evaluate the reten- 
tion and fit of complete cast gold crowns cemented with 
glass ionomer cement after polishing the preparation, 
cleansing with polyacrylic acid, and microblasting the 
castings. Comparisons were also made with crowns 
cemented with zinc-phosphate cement. 

MATERIAL AND METHODS 

Ten extracted human mandibular molars of compara- 
ble coronal dimensions were selected for the study. The 
teeth were repeatedly used to form five test groups. The 
roots were imbedded vertically in phenolic ring forms 
(Buehler Ltd., Evanston, Ill.) with epoxy resin (Buehler 
Ltd.), approximately 2 mm below the cementoenamel 
junction. A nearly parallel form and an accentuated 
finish line (light-chamfered margin) were used to pre- 
pare the coronal portion of each tooth for a complete 
crown. 

284 

Two cast gold crowns were made for each tooth. One 
crown was made on the preparation as completed with a 
diamond stone (Star Dental Mfg. Co., Philadelphia, 
Pa.). This was used to test the unpolished specimen. 
After the tests were completed, the preparation was 
polished with a reshaped white stone (Dura-White stone 
FG FL2; Shofu, Menlo Park, Calif.) and pumice slurry 
to remove the striations (Fig. 1) caused by the diamond 
stone. Another crown was then made for each tooth to 
test the polished category. 

Five experimental groups were established. These 
were: (1) crowns cemented on unpolished preparations 
with zinc-phosphate cement after application of two 
layers of cavity varnish, (2) crowns cemented on unpol- 
ished preparations with zinc-phosphate cement without 
application of cavity varnish, (3) crowns cemented on 
unpolished preparation with glass ionomer cement, (4) 
crowns cemented on polished preparations with zinc- 
phosphate cement, and (5) crowns cemented with glass 
ionomer cement on polished preparations after cleansing 
with polyacrylic acid and the castings microblasted, 
hereafter designated as groups 1 to 5. 

Each group consisted of 10 crowns. The mounted, 
prepared teeth were kept in 100% humidity except 
during cementation, measurement, and tensile testing. 

Patterns were made directly on the prepared teeth 
with type II blue inlay wax (Kerr Mfg. Co., Romulus, 
Mich.). A ringlike attachment with a small platform 
(loading table) was added to the occlusal portions of the 
patterns. The ring was used for tensile testing with an 
Instron testing machine (Instron Corp., Canton, Mass.) 
after cementation, and the table was used to apply the 
seating pressure during cementation. The teeth were 
then cleaned thoroughly with chloroform and washed 
and scrubbed under running water. 
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Fig. 2. A, Casting with ring attachment and flat load- 
ing table. B, Indentation in center of loading table (top 
view). 

The patterns were invested in a gypsum-bonded 
investment (Luster-cast; Kerr Mfg. Co.) and cast in type 
III gold alloy (RX 41; Jeneric Gold Co., Wallingford, 
Conn.). The castings were cleaned in a pickling solution 
(Jel Pat; J.F. Jelenko Co., New Rochelle, N.Y.). 
Internal relief of the castings was not made except for 
removal of nodules that prevented complete seating. The 
castings were not polished. 

The resin bases of the mounted teeth were smoothed 
and wet polished on the Handimet Grinder (Buehler 
Ltd.) with progressively finer sandpaper from 240 to 600 
grit. The loading tables of the castings were made 
parallel with the resin bases by placing the mounted 
tooth and casting on the porcelain facing drill (Model 
M-l 1 Mardelle; Industrial Products, Monrovia, Calif.). 
The upper surface of the loading table was then trued 
and smoothed with a disklike stone. 

An index indentation was milled in the center of the 
loading table with a No. 6 bur with the same facing drill 
(Fig. 2). The indentation was used as a reference point 
before and after cementation for measurement (Fig. 3) 
with an electronic measuring device (Minicom 
Micrometer; Tokyo Seimitzu, Tokyo, Japan). 

Cementation of castings 

The two luting agents used in this study were type I 
zinc-phosphate cement (Fleck’s powder batch NO. C 
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Fig. 3. Electronic micrometer used to measure vertical 
discrepancy. 

92030279, liquid batch No. HlO-121479; Mizzy, Inc., 
Clifton Forge, Va.) and a water-hardening glass ionom- 
er luting cement (Ketac-cem batch No. K173MD062283; 
Espe, Seefeld, O&bay, West Germany). 

The manufacturers’ specifications with respect to 
manipulation and powder/liquid ratio of cements were 
strictly followed. For accurate proportioning of the 
powder and liquid a precision scale was used for the 
glass ionomer cement. A l-millileter tubercillin syringe 
was used to measure the zinc-phosphate liquid and the 
powder was weighed. 

Before cementation, the tooth was cleaned with hydro- 
gen peroxide 3%, and washed and scrubbed thoroughly 
under running water and dried with compressed, filtered 
air. For the glass ionomer cement groups (groups 3 and 
5), every effort was made not to overdry the tooth to 
provide a better surface for thorough wetting by the 
cement. For group 5, instead of hydrogen peroxide, the 
tooth was cleaned with a 25% solution of polyacrylic acid 
and then washed and scrubbed under running water. 

Two layers of copal varnish (Copalite; Cooley and 
Cooley, Ltd., Houston, Tex.) were applied to the 
preparation in group 1. 

The casting was filled with enough cement to cover 
the inner surface evenly, seated on the tooth with digital 
pressure, and held under a 12-pound static load for 10 
minutes (Fig. 4). After tensile testing, the preparations 
were thoroughly cleaned to remove all traces of cement. 
The castings that were reused were also thoroughly 
cleaned and immersed in pickling solution (,Jel Pat). For 
group 5, the castings were microblasted with 50 pm of 
aluminum oxide (Williams Gold Refinery Co. Inc., 
Buffalo, N.Y.) for 30 seconds and washed. and scrubbed 
thoroughly under running water. 

Measuring seating of castings 

A completely seated uncemented castmg was held on 
the preparation under a 12-pound static load for 10 
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Fig. 4. Device used to apply a 12-pound static load 
during cementation. 

minutes and transferred to a Minicom micrometer 
measuring instrument to set the zero point on the dial. 
While under the load, sticky wax was tacked at two 
places on the margin to preserve the established relation- 
ship between casting and tooth. The wax was allowed to 
harden completely before the casting was transferred to 
the measuring device. When the load was relieved, the 
wax could not show separations or cracks. The reading 
obtained after cementation indicated the vertical discrep- 
ancy value of the specimen. 

Testing crown retention 

The cemented specimens were stored in 100% humid- 
ity for 1 week before testing. The tensile force required 
to dislodge the crowns was determined by an Instron 
Dynamic Testor II (closed-loop Servohydraulic Dynam- 
ic Testor, Model 1350; Instron Corp.) with a crosshead 
speed of 0.05 inch/min. 

RESULTS 

One-way analysis of variance and Duncan’s new 
multiple range tests were used to determine the signifi- 
cance of the differences among the group means. 

Table I depicts the means and SDS of both the 
retentive properties and vertical discrepancies of the five 
test groups. 

Table I. Mathematic mean and SD of retention 
and vertical discrepancy of complete cast crowns 

GIOUD 
Retention Vertical discrepancy 
bounds)* (pm)* 

1 76 (13.49) 122 (25.08) 
2 133.4 (22.36) 135 (15.09) 
3 119 (19.69) 111.8 (17.52) 
4 73.8 (21.60) 49 (18.63) 
5 119.2 (21.98) 19.7 (12.22) 

*SDS in parentheses. 

Retention 

No difference in retention was found between the 
groups cemented with glass ionomer cement (Ketac- 
cem), regardless of polished or unpolished tooth prepa- 
rations, surface cleansing with polyacrylic acid, or 
microblasting the castings (p < 0.01). The only differ- 
ence was in the pattern of failure. On the unpolished 
group (group 3), the adhesive failure was found at the 
cement-gold interface. While in the group in which the 
preparations were polished, cleansed with polyacrylic 
cement, and the castings sandblasted (group 5), the 
cement residues were found predominantly retained in 
the castings with only some cement left on the tooth 
structure. 

The retentive properties of castings cemented with 
glass ionomer cement were significantly higher than 
with zinc-phosphate cement when two layers of copal 
varnish were applied (p < 0.01). However, no signifi- 
cant difference was found when compared with castings 
cemented with zinc-phosphate cement without copal 
varnish. 

The use of copal varnish significantly reduced the 
retentive properties, as did polishing the preparations 
(Fig. 5). 

Vertical discrepancy 

As expected, polishing the preparations improved the 
seating of castings significantly with either glass ionomer 
or zinc-phosphate cement & < 0.01). Glass ionomer 
cement used in this study produced lower vertical 
discrepancy (meaning better fit) than did zinc-phosphate 
cement in polished groups at p < 0.01. In the unpolished 
group the glass ionomer cement also showed a signifi- 
cantly better fit than the zinc-phosphate group when 
copal varnish was not used. However, no difference was 
observed when copal varnish was used (Fig. 6). 

DISCUSSION 

Numerous factors are responsible for long-term suc- 
cess of cast restorations. One is the cementation proce- 
dure. Choosing the cement with the proper physical 
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Fig. 5. Graphic depicts mean retention of five groups: 
(1) crowns cemented with zinc-phosphate cement on 
unpolished preparations after application of cavity var- 
nish, (2) crowns cemented with zinc-phosphate cement 
on unpolished preparations without cavity varnish, (3) 
crowns cemented with glass ionomer cement on unpol- 
ished preparations, (4) crowns cemented with zinc- 
phosphate cement on polished preparations, and (5) 
crowns cemented with glass ionomer on polished prep- 
arations after cleansing with polyacrylic acid and micro- 
blasting of castings. 

properties and handling characteristics, treating the 
casting, and preparing the surface of the preparation to 
promote retention are essential steps in the cementation 
process. 

A water-hardening glass ionomer luting agent (Ketac- 
cem) was selected for this study because this cement was 
easily dispensed and mixed to a low-viscosity paste with 
improved setting characteristics.s It was also reported to 
have an outstanding flow and thin film thickness.’ This 
study indicated that crowns cemented with Ketac-cem 
showed indeed better fit when compared with those 
cemented with zinc-phosphate cement within the same 
polished or unpolished categories. 

Application of copal varnish (Copalite) or polishing 
the preparation significantly reduced the retention of 
crowns cemented with zinc phosphate. This result con- 
firmed previous findings. I4 The retentive failure was 
consistently observed at the tooth-cement interface (ce- 
ment residue attached to gold). 

On the other hand, approximately 75% increase in 
retention was obtained with zinc-phosphate cement 
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Fig. 6. Graph depicts mean improvements of seating of 
five groups as described in Fig. 5. 

when cavity varnish was not used or polishing was not 
done. In this case the retentive failure was found at the 
cement-gold interface (cement residue attached to tooth 
structure). 

However, the application of cavity varnish or liner to 
prevent acid seepage through dentinal tubules is a 
clinical procedure mandatory to protect the health of the 
pulp.13. ‘i-17 In addition, copal varnish reduces microlea- 
kage.18 

Surface treatments such as pickling, which may 
produce a surface film on the metal, adversely affect 
retention.+ Microblasting was suggested to clean a cast- 
ing from residual pickling solution and contamina- 
tion.” 

The chemical bonding between glass ionomer and 
tooth structure can be attained only with a meticulously 
clean tooth surface.‘s8 A pplication of polyacrylic acid, 
followed by thorough rinsing with water, removes the 
organic film formed by saliva on the tooth surface and 
thus enhances chemical bonding.! ’ 

Polishing and surface cleaning of the tooth prepara- 
tion with polyacrylic acid and microblasting the casting 
(group 5) seemed not to improve the retention of a 
complete crown. This may be explained since an ionic 
bond through calcium complexation is less effecrive on 
dentin.” There is less apatite concentration in dentin 
than in enamel.‘z’,2”,21 H owever, the retentive properties 
of complete crowns cemented with glass ionomer cement 
(Ketac-cem) on both polished and unpolished groups 
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(groups 3 and 5) were found to be significantly greater 
than those cemented with zinc-phosphate cement when 
copal varnish was used (group 1). 

Polishing may slightly reduce the dimensions of the 
tooth preparation. In this instance, however, we have 
assumed that the amount of reduction would probably be 
too minute to generate any significant effect on the 
findings. In fact, the procedural sequence followed in 
this experiment simulated exactly the actual clinical 
procedure. Therefore the findings would probably corre- 
late closely to that expected in in vivo performance. 
Laboratory data alone cannot accurately predict clinical 
performance. These findings must be substantiated with 
clinical study. 

CONCLUSIONS 

The results of this study indicated: 
1. No difference was found in retention between 

crowns in which the preparations were polished and 
cleansed with polyacrylic acid and castings microblasted 
and those in which tooth preparations were neither 
polished nor treated with polyacrylic acid and castings 
not microblasted and cemented with glass ionomer 
cement. 

2. The retentive properties of crowns cemented with 
glass ionomer cement were greater than those cemented 
with zinc-phosphate cement only when two layers of 
copal varnish were used (an increase of about 56%). 
However, no difference was found when compared with 
those cemented with zinc-phosphate cement without 
copal varnish. 

3. Rough surface enhanced the mechanical bond of 
zinc-phosphate cement. 

4. Polishing the preparations or the application of 
copal varnish reduced the retention of crowns by about 
75% when zinc-phosphate cement was used. 

5. Polishing the preparations improved the seating or 
fit of complete crowns. 
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