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ABSTRACT

Background: With regard to potential retrievability of cement-retained implant restorations, the
retentive strength of the luting agents is critical. The aim of this study was to evaluate the retention
values of implant-supported metal copings using different luting agents.

Materials and Methods: Twenty [Tl implant analogs and solid abutments of 5.5-mm height were
embedded vertically in autopolymerizing acrylic resin blocks. Metal copings with a loop on the
occlusal surface were fabricated using base metal alloy (Rexillium 11).The copings were luted using
eight cements with different retention mechanisms (Panavia F2.0, Fuji Plus, Fleck’s, Poly F, Fuji I,
Temp Bond, GC-free eugenol, and TempSpan) under static load of 5 kg (n=10).All specimens were
incubated at 37°C for 24 hours, conditioned in artificial saliva for 7 days and thermocycled for
5000 cycles (5-55°C). The dislodging force was measured using a universal testing machine at a
crosshead speed of 5 mm/min. Statistical analyses were performed using Kruskal-Wallis (2=0.05)
and Mann-Whitney tests with Bonferroni correction (0=0.001).

Results: Fuji Plus and TempSpan had the highest and the least mean retentive strength, respectively
(320.97£161.47, 3.39+2.33). There was no significant difference between Fuiji Plus, Fleck’s, Ploy F
and Panavia F2.0.These cements were superior to provisional cements and Fuji | (P<0.001) which
showed statistically same retentive strength.

Conclusion: Within the conditions of this study, the resin modified glass ionomer, zinc phosphate,
zinc polycarboxylate, and Panavia F2.0 had statistically the same retentive quality and are
recommended for definitive cementation of single implant-supported restorations.The provisional
cements and glass ionomer may allow retrievability of these restorations.

Key Words: Cementation methods, dental cement, dental prosthesis/retention, dental prosthesis,
implant-supported

INTRODUCTION

Implant therapy is a well-documented treatment
for replacing missing teeth. The implant-supported
prostheses are attached to implant abutments either
by cementation, or by retaining screws. Because of
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the advantages of cement-retained implant-supported
restorations, such as passive fit, reduced cost, ease of
fabrication, superior esthetic, fewer components, and
uncomplicated laboratory technique, these restorations
have gain popularity compare to screw-retained
restorations.!'] Even though cement wash outs occur
in cement-retained restorations, they do have high
clinical success rates.™

Retrievability may be a critical aspect of implant-
supported restorations because of problems such
as loosening or fracture of the abutment screws,
mechanical failures, treatment of peri-implant tissues,
and evaluation of ailing implants mobility.”! Although
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using provisional cements are considered to achieve
retrievability ~ of  implant-supported  prostheses,
retrievability of screw-retained prostheses is more
secure than cement-retained ones.[*"

Retention of implant-supported restorations plays
an important role in success of the treatment.
Uncemented restorations may cause problems such
as inhalation of the restorations, increased bone loss
around the implant, prosthesis failure breakage, trauma
to antagonistic teeth, food impaction, accumulation
of microorganisms resulting in bad odor and soft
tissue response. Extra practitioner time and patient
embarrassment have also been noted.® On the other
hand, luting agents that are too retentive may damage
the osseointegration of the implant during removal of
the restoration.®

Behavior of permanent and provisional luting agents
in cementation of implant-supported prostheses differs
from cementation on natural teeth.'” In particular,
water-based cements such as zinc phosphate, zinc
polycarboxylate, and glass ionomer, have shown a
wide variety of retentive values, which can sometimes
be unpredictable.®!"15)  Some authors suggested
the use of permanent and provisional cements for
luting single-unit and multi-unit implant-supported
restorations, respectively.l'®!71 Provisional cements
have been recommended for restorations that may
require intervention. Whereas more retentive cements,
such as resin cement, are more appropriate when
future retrievably is not necessary.!'*!”]

The use of different cements, protocols, and implant
systems may alter the retentive strength of implant-
supported restorations. In addition, different aging
processes, such as thermal cycling and mechanical
loading, as well as different pretreatment techniques
can also affect the retentive strength.?*-2?

The aim of this study was to evaluate the retention
values of cement retained implant-supported
restorations with different Iuting agents. The null
hypothesis was that there is no differenece in
retentiveness of cement retained implant-supported
restorations with different luting agents.

MATERIALS AND METHODS

Twenty ITI solid abutments with 5.5 mm length
and 8° taper (048.541, ITI Dental Implant System,
Straumann AG, Basel, Switzerland) and twenty
ITI implant analogs (048.124, ITI Dental Implant)

were used. The abutments were tightened to implant
analogs at 35 Ncm of torque. The implant-abutment
complex were embedded vertically in a block of
autopolymerizing acrylic resin (Meliodent, Heraeus
Kulzer, Hanau, Germany) using a dental surveyor
for precise alignment. The copings were made using
prefabricated burn-out caps for crowns. A loop of
wax was added to the occlusal surface of each coping
for retention test. The wax patterns were invested
in a phosphate-bonded investment (Ceravest Quick,
GC, Tokyo, Japan) and cast in a base metal alloy
(Rexillium III, Pentron, Wallingford, CT). After
divesting and cleaning with an ultrasonic cleaner and
hydrofluoric acid, the inner surface of the castings
were inspected under magnification (x4), and surface
irregularities were removed with a small round carbide
bur. The metal copings were checked for fitness using
a silicon disclosing medium (Fit Checker, GC Co,
Tokyo, Japan), and further potential interferences of
castings were evaluated and adjusted if necessary.

Each casting was randomly numbered and paired
with an implant-abutment assembly for further
procedures. FEight commercially available luting
agents, including provisional (Temp Bond, GC-free
eugenol, TempSpan) and definitive (Panavia F2.0,
Fuji Plus, Fleck’s, Poly F, and Fuji I) cements were
evaluated in this study [Table 1]. Each cement was
mixed according to the manufacturer’s instruction and
applied to intaglio surface of the copings (#=10). The
copings were gently seated on the abutments and held
in place under a 5 kg load for 10 minutes. After initial
setting of the cement, the excess cement was removed
with an explorer.

The specimens were stored in a 37°C incubator for
24 hours, immersed in artificial saliva for 7 days and
thermocycled for 5000 cycles (5-55°C) with a 30-s
dwell time. After aging process, the dislodging force
of the copings was measured using a universal testing
machine (4302 Instron Ltd., High Wycombe, UK) at a
crosshead speed of 5 mm/min [Figure 1]. The failure
modes were recorded after the dislodgment of the
copings.

The same copings and abutments were used with
each of the eight cements evaluated. To remove
the residual cement, the castings were heated to
600°C for 90 minutes and allowed to cool at room
temperature. A spoon excavator was used to remove
any residual cement from the intaglio surface of
castings and the abutments were cleaned with a plastic
explorer. The castings and abutments were immersed
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Table 1: Luting agents tested

Product name Manufacturer Lot number Type of luting agent Mixing method and ratio
Fleck’s Mizzy Co, Cherry Hill,  Powder: L-77 Zinc phosphate cement Hand mix, 8 g powder with 0.3 cc liquid
NJ Liquid: R3LYB
Poly F Dentsply, Weybridge, 0905001485 Zinc polycarboxylate cement Hand mix, 1 scoop powder with 2 drops of
England distilled water
Fuji | GC Co, Tokyo, Japan 0812051  Glass ionomer cement Automix capsule,10 sec mixing at 4000 rpm
Fuji Plus GC Co, Tokyo, Japan 0905261  Resin-modified glass ionomer cement Automix capsule,10 sec mixing at 4000 rpm
Temp Bond Kerr, Romulus, Mich 3364850  Zinc oxide eugenol temporary cement Hand mix, equal length of base and catalyst
GC Free eugenol GC Co, Tokyo, Japan 0903121  Free eugenol temporary cement Hand mix, equal length of base and catalyst
TempSpan CMT Pentron, Wallingford, CT 184766 Resin base temporary cement Automix, self mixing syringe
Panavia F 2.0 Kuraray Co, Kurashiki, 51291 Resin base cement Hand mix, equal length of base and catalyst

Japan

Table 2: Mean (standard deviation) dislodging forces of the studied cements (N) and Mann-Whitney groups

95% confidence interval for mean

Cement type Mean (Standard deviation) Lower bound Upper bound Mean rank Mann-Whitney groups*
Fuji Plus 320.97 (161.47) 222.74 431.92 68.83 A
Fleck’s 267.62 (80.7) 214.00 331.85 64.60 A
Poly F 247.07 (103.65) 184.78 319.14 62.29 A
Panavia F2 194.36 (77.08) 150.71 245.77 56.81 A
Fuji | 13.41 (17.65) 2.22 25.15 26.13 B
Temp Bond 7.56 (8.28) 1.21 14.21 19.11 B
Free eugenol 6.2 (2.83) 4.26 8.40 21.10 B
TempSpan 3.39 (2.33) 1.47 5.46 10.81 B

*Significant difference between the means are characterized by different letters (P<0.001)

in ultrasonic cleaner containing cement removal
agent (Removalon-I, Premier Dental Products Co,
Norristown, PA) for 30 and 15 minutes, respectively.
Repeated cementation of castings does not affect
tensile strength.[?*!

Statistical analysis

Kruskal-Wallis test was used for data analysis
(0=0.05). Mann-Whitney test with a Bonferroni
adjusted significance level of 0.001 was used for
each pairwise comparison to control the overall error
rate for all comparisons at an error rate of 0.05. No
statistical analysis was performed on failure mode of
the studied cements.

RESULTS

Table 2 represents the mean retentive values and
standard deviations in Newton (N), as well as the
mean rank of the studied luting agents. Kruskal-
Wallis test revealed a significant difference between
the retentive values of the studied luting agents
(P<0.001). Fuji Plus and TempSpan had the highest
and the least mean retention, respectively. Mann-
Whitney test showed no significant difference between
Fuji Plus, Fleck’s, Ploy F, and Panavia F2.0 and these

Figure 1: Luted metal coping during pull out test by universal
testing machine

cements were superior to the provisional and Fuji I
cements (P<0.001)which showed statistically the
same retentive strength.

Cement failure occurred in the cement-abutment
interfaces in all of the Fuji Plus, Panavia F2.0, and
Fleck’s samples. Zinc polycarboxylate and zinc oxide
with and without eugenol cements remained on both
the copings and abutment surfaces whereas TempSpan
completely remained on the abutment surfaces.
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DISCUSSION

In this study, the null hypothesis that the retentiveness
of the metal copings would not affect with the studied
cements was rejected. The resin modified glass
ionomer cement (Fuji Plus) had the highest retention,
but there were no significant differences between
definitive cements. Some studies indicate that the
retentive strength of resinous cement is superior to
that of, zinc phosphate and zinc polycarboxylate
cements. (61424

The higher retentive strength of the resin cements was
attributed to the adhesive system™! which was not used
in the current study. Furthermore, resin modified glass
ionomer cement adheres to metal by chelating metallic
ions, but the retentive strength may be weakened
by early water contact.' In this study, the copings
were incubated for 24 hours at 37°C before the aging
process and there was no early water contact.

In a study on titanium copings over short ITI
solid abutments, the mean retentive values of zinc
phosphate cement was comparable to Panavia 21, but
the retentive strength was higher than in the present
study.?” A combination of Panavia 21 and titanium
alloy was reported to have higher bond strength
compared to other alloys.[?*?”! In another study on the
retention of base metal copings with dental implants,
zinc phosphate and resin modified glass ionomer
cements showed same retention strength.® With
regard to the CeraOne system, zinc phosphate cement
had highest retention value, and resinous cement
presented statistically similar retentive strength.[!>28

In a similar investigation on retention values of metal
copings on ITI solid abutments, Panavia 21 had
significantly higher retention than resin modified glass
ionomer and polycarboxylate cements. Interestingly,
zinc phosphate and zinc oxide eugenol cements had
similar retentive strength.'Y The different results with
the present study maybe due to using different cements
and thermal cycles. Long-term thermal cycling has
been shown to reduce the retentive strength of luting
agents.[®1*%1 Squier et al.® reported a higher retentive
value for Panavia than zinc phosphate and resin
modified glass ionomer, which differs from the current
study. This discrepancy may be related to sandblasting
and surface conditioning in this study.*”

Surprisingly, glass ionomer cement had the lowest
retention among the definitive luting agents, which was
comparable to the temporary cements. This finding is

consistent with a previous study that demonstrated
glass ionomer cement showed significantly lower
retention than zinc phosphate and resinous cements,
and similar retention to zinc oxide cement without
eugenol.’ In the present study, no pretreatment was
performed on either the copings or the abutments,
and glass ionomer cement does not adhere to an
inert surface.”® Furthermore, the solubility of glass
ionomer cement is more than that of other cements,
and it is very susceptible to early water contact and
desiccation,®” which can dramatically reduce the
mechanical properties of the cement.*!]

The retentive strength of restorations is influenced
by taper, surface area, height and surface roughness
of the abutment,? restoration characteristics, type of
cement,>?%3233 marginal accuracy® and the treatment
method. Thus a direct comparison with other studies
may be difficult because of differences in the implant
systems, specimens, and methodology.

The location of the cement failure may be an important
factor in cement selection. Adhesion of the cement to
abutment may be difficult to remove and damage the
abutment surface. In this study, the resinous and resin
modified glass ionomer cements completely adhered to
the intaglio surface of the copings. It could be related
to the lack of an adhesive system in this study. The
casting retention luted using zinc phosphate cement
was provided by micromechanical interlocking. The
surface of implant abutment is relatively smooth,
which caused remaining zinc phosphate cement in
the inner surface of the copings. The primary failure
mode for the polycarboxylate cement was adhesive,
but there was also some cohesive failure. It may be
explained by zinc polycarboxylate bonding to the
titanium surface.'¥ The temporary cements, with the
exception of TempSpan, adhered to both inner surface
of the copings and the abutment surfaces. TempSpan
completely adhered to the abutment surfaces and was
easily removed.

Our results suggest that the tested definitive cements
are not desirable if retrievability of single-unit metal
restorations is sought. The dislodgement force for an
implant with 4-mm diameter and 6 mm height directly
out of the socket along its long axis was about 290 N.B**

In this study the snap-on mechanism of the burn-out
cap was removed by a reamer from the inner surface
of the castings, which resulted in a passive fit. Thus,
the role of luting agents to crown retention was better
assessed.
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The force that is used to retrieve the implant-supported
restoration is high impact and of short duration. On
the other hand, in this study a monotonic static test
was used. The failures of the restorations result in
several comparative small dynamic loadings and the
axial dislodging of cemented implant crowns is a
rather seldom clinical event. Cement behavior under
fatigue loading may be different compared with static
load application. The results of this in vitro study
should be interpreted with caution and confirmed with
clinical studies.

CONCLUSIONS

Within the limitations of this study, the following

conclusions can be drawn:

1. The most retentive luting agent was resin-modified
glass ionomer, but there was no significant
difference between this cement and Panavia 2.0,
zinc phospate, and zinc polycarboxylate cements.

These definitive cements are recommended
for luting single-unit implant-supported metal
restorations.

2. The temporary and glass ionomer cements were
the least retentive cements and might not be
suitable for luting single-unit implant-supported
restorations.
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