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ABSTRACT

Background: Despite their wide use in implant dentistry, there is insufficient information concerning the retentive
strength of cement-retained superstructures.

Purpose: This study compared the retentive strength of metal copings on prefabricated abutments with five different
luting cements.

Materials and Methods: Eight prefabricated abutments were placed on titanium screw implants torqued to 35 Ncm. Metal
copings were cast with Au-Pt-Pd alloy (DeguDent Universal, Degussa, Hanau, Germany) using burnt-out plastic
copings. Cements used were zinc oxide—eugenol-free temporary (ZO), zinc phosphate (ZP), glass ionomer (GI), resin-
reinforced glass ionomer (RG), and composite resin (CR) cements. Retentive strength was measured with a universal
testing machine. The means of each group were compared by one-way analysis of variance and Tukey-Kramer multiple-
comparison intervals at a significance level of p < .05.

Results: The mean + SD retentive strength of the cements in Newtons was ZO 56 + 12 (Tukey group C), ZP 158 + 79
(Tukey group B), GI 132 + 29 (Tukey group B), RG 477 + 52 (Tukey group A), and CR 478 + 50 (Tukey group A).

Conclusion: The retentive strength of metal copings on implant abutments is somewhat different from those of
conventional cemented restorations on natural teeth. These differences may be influenced by differences in surface
roughness and the height of the abutment.
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TABLE 1 Cements Tested in the Study

Product Name Type Batch No. Manufacture
Temporary Pack Zinc oxide—eugenol—- 0086 GC, Tokyo, Japan
free temporary

Elite Cement Zinc phosphate P: 251141 GC, Tokyo, Japan
L: 211061

Fuji 1 Glass ionomer P: 0408271 GC, Tokyo, Japan
L: 04008191

Fuji Luting Resin reinforced 0410281 GC, Tokyo, Japan

glass ionomer

Panavia F 2.0 Composite resin

A: 00054A
B: 00012A

Kuraray Co.,

Kurashiki, Japan

for identification during cementation procedures. The
fitting and cement space were measured using silicone
disclosing medium (Fit Checker, GC Corporation,
Tokyo, Japan) and a digital microscope (Digital HD
microscope VH-7000, Keyence, Osaka, Japan) as fol-
lows. First, the Fit Checker was placed in the inner
surface of the casting, and the casting was seated on the
abutment with a load of 20 N. After polymerization of
the paste, the silicone remaining between the casting
and abutment was peeled off and embedded in a resin
material. The embedded silicon was sliced at half of the
long axis, and the silicon thickness was measured at
four randomly selected points.

A provisional cement and four types of definitive

cements were used (Table 1). Each cement was mixed

Figure 2 Cementation of a coping to the abutment with 100 N
of load applied.

according to the manufacturer’s instructions and ap-
plied to the axial surface of the casting, and then the
casting was seated immediately by finger pressure and
subjected to a 100 N vertical static load for 10 min
(Figure 2). During seating, only composite resin was
additionally light-polymerized at the margin with a
light-curing unit (Clear Light, Kuraray Co., Kurashiki,
Japan). Excess cement was removed with a plastic
scaler. At 1 hour after seating, all specimens were im-
mersed in water at 37°C for 24 hours and then tested for
retention using a universal testing machine (Shimadzu
Corp., Kyoto, Japan) at a crosshead speed of 0.5 mm/
min (Figure 3). The load required to pull the casting
off the abutment was recorded, and the mean values
were calculated. A new abutment was used for each ce-
ment; however, castings were reused through the five
cements tested. Cement residues were cleaned from the
inner castings according to Dixon and colleagues'?; each

Figure 3 Overview and schematic diagram of a jig used for
retentive testing in a universal testing machine.
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casting was heated to 600°C for 1.5 hours and then
allowed to bench cool at room temperature. The casting
was then placed in an ultrasonic cleaner for 30 minutes
with ethanol and was then inspected for complete cement
removal. To maintain the uniformity of cast conditions,
all castings were heated as mentioned above before the
first cementation.

The mean values for each experimental group were
compared by one-way analysis of variance and Tukey-
Kramer multiple-comparison intervals. Statistical sig-
nificance was set at p < .05.

RESULTS

The mean internal gap between abutments and castings
for all specimens was 33.9 um. As no differences were
seen among any specimens, the cement spaces of all
specimens tested were defined as the same thickness.

The mean retentive strength in Newtons and stan-
dard deviations of the tested cements are shown in
Table 2 and illustrated in Figure 4. Zinc oxide—eugenol-
free temporary (ZO) cement showed the weakest reten-
tion and was significantly lower than the other cements.
Resin-reinforced glass ionomer (RG) and composite resin
(CR) provided the highest retention and were signifi-
cantly stronger than the other cements. Zinc phosphate
(ZP) and glass ionomer (GI) showed statistically similar
retention values.

DISCUSSION

The Nobel Biocare Easy Abutment system was devel-
oped with the concept of simplifying implant pros-
thetic work. Prostheses for abutments are fabricated
using plastic or ceramic copings and relatively simple
and predictable procedures. This system allows the

production of consistent cement spaces and marginal

TABLE 2 Mean Values and Standard
Deviations of Loads Required to Displace Castings

Cement Mean SD Tukey Grouping
20 56 12 (&
ZP 158 i) B
Gl 132 235 B
RG 477 52 A
CR 478 50 A

CR = composite resin; Gl = glass ionomer; RG = resin-reinforced glass
ionomer; ZO = zinc oxide-eugenol-free temporary; ZP = zinc
phosphate.

g
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Figure 4 Tensile loads (N) at decementation. CR = composite
resin; GI = glass ionomer; RG = resin-reinforced glass ionomer;
Z0 = zinc oxide—eugenol-free temporary; ZP = zinc phosphate.

fittings without the need for special casting adjust-
ments. In the present experiment, the mean thickness
of the cement space was around 33.9 pm, with no
significant difference among specimens. Given sugges-
tions that the cement space is a key factor in reten-
tion,"” this finding indicates that this potential bias had
no influence on the present results.

As expected, ZO showed the weakest retention
among all of the cements tested, whereas CR showed
the highest. Interestingly, RG showed the same reten-
tion value as CR, even though the adhesive strength of
CR is reported to be significantly stronger.'* Ernst and
colleagues attributed the lower retentive strength of the
resin cement to the lack of an adhesive system and
stated that resin cements should be used in combina-
tion with such a system.'” Sandblasting and proper
priming of the abutment, either singly or together, may
increase retention. However, retentive strengths in the
present study were beyond the highest strengths ob-
tained with prepared teeth using the same resin ce-
1017 1t could, in

fact, be considered that sufficient retention is already

ments and a proper adhesive system.

available; thus, further improvement is unnecessary.
Similar experiments have been carried out using ITI
Dental Implant System” (Straumann AG, Waldenburg,
Switzerland) solid abutments and the same cements
with'” and without' "'
tive strength in the present study may have been due to

thermocycling. The greater reten-

the difference in tapers, namely 8° for the ITI solid
abutment and 6° for the Easy Abutment. ZP, which de-
velops its retentive strength by mechanical interlocking
and showed less retention with the smooth surface used
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here than CR and RG. This is supported by the ob-
servation that cement failure always occurred at the
cement-abutment interface. The relatively large standard
deviations seen with ZP cement were related to its ce-
ment properties. ZP cement is well known to be hyper-
sensitive to temperature, humidity, and mixing methods."”
Surprisingly, GI, which has a shear bond strength to tita-
nium surfaces of about 4 MPa,”” did not perform as
anticipated. Possible explanations include early water
contact and the lack of aging before testing.”'

With regard to the retrievability of cement-retained
implant prostheses, the retrieval force required should
not be so great as to adversely affect osseointegration.
Hallgren and colleagues performed pull-out tests of
cylindrical implants inserted into rabbit tibiae.”* Shear
strength between bone and implants of 4 mm diameter
and 6 mm length was 4.16 MPa, whereas the shear
strength required to displace the implant directly out of
the socket along its long axis was about 290 N. Apply-
ing these results to the present findings clearly indicates
that RG and CR are not suitable for use with retrievable
prostheses but should be categorized instead as definitive
cements for implant prostheses. In contrast, ZO appears
to be the safest cement tested with regard to implant
safety, but this cement is too weak to control retriev-
ability, with unexpected cement failure allowing dis-
placement of the prosthesis when the maintenance
schedule cannot be kept. According to Singer and
Serfaty, 9.8% of 92 cement-retained fixed partial den-
tures showed cement failure over a 6-month to 3-year
period.”* Clinically, cemented prostheses are exposed to
repeated masticatory forces, temperature change, and
high humidity. These factors may cause a weakening of
retention and thereby necessitate the frequent recemen-
tation of implant-supported prostheses. On the other
hand, given the moderate retentive strengths of ZP and
GI, the possibility of unforeseen cement failure with
these is low but still present. In emergency situations,
prostheses with this level of retention can be removed
without adverse effects on osseointegration.

CONCLUSION

Within the limitations of this in vitro study, it was
shown that the retentive strength of the castings on the
Easy Abutment is influenced by the type of cement
used. Cements could be grouped into three ascending
levels of retention: group 1, ZO; group 2, ZP and GI;
and group 3, RG and CR. This ranking differs from

those with conventional cemented restorations on
natural teeth, possibly owing to differences in surface
roughness and the height of the abutment. Cements for
cement-retained prostheses should be selected based on
careful treatment planning,
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