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ABSTRACT
Purpose: The desirable properties of a luting agent used for
implant prostheses are adequate tensile strength for retention
and at the same time render the crowns to be retrievable. No
studies have reported a comparison of the retention of implant
crowns luted with zinc phosphate and polymeric cements.
Studying the retentive abilities of these cements utilizing varying
sizes of implant abutments may provide new insights into their
clinical behaviors.
Aim: To compare the retentive abilities of two luting agents,
using them to lute crowns on implant abutments of different
diameters.
Materials and methods: Two implants (3.7 and 6.0 mm
diameter) were embedded in a resin block. Straight abutments
of corresponding diameters were screwed into the implants. The
height of abutments was kept equal for both abutments (8 mm).
Seven copings were fabricated for each abutment. Groups 1
and 2 copings (14 copings) were tested for both luting agents;
zinc phosphate and polymeric cement using a universal testing
machine.
Results: For the abutment diameters tested, the retentive values
of zinc phosphate was significantly greater than polymeric
implant cement. For the broad abutment, zinc phosphate was
significantly more retentive than polymeric implant cement. For
the narrow abutment, retentive values of zinc phosphate and
polymeric implant cement were almost similar.
Conclusion: The retentive values of zinc phosphate were
significantly greater than polymeric implant cement. For broad
abutment, zinc phosphate was more retentive whereas for
narrow abutment, retentive values were almost similar.
Keywords: Cemented implant restorations, Dental cements,
Dental implants.
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for the purpose of luting restorations.3 Zinc phosphate serves
as a gold standard for luting of implant supported
restorations. However, its higher retentive property proves
to be a drawback while trying to retrieve the restorations.4
Polymeric implant cements are used now-a-days as they
are adequately retentive and at the same time have good
retrievability. Data reported on the bond strength for
provisional luting agents with castings cemented to implant
abutments is limited.5
Different clinical situations demand the need of different
diameter abutments. One of the key factors for retention of
restorations is the surface area of the abutment.6 However,
the effect of increase in surface area (wider abutments)
contributing to retention has not been documented.
The purpose of this study is to compare the retention of
metal crowns to implant abutments of two different
diameters using two different luting agents.
MATERIALS AND METHODS
A clinical situation was simulated by fabricating two
identical clear autopolymerizing acrylic resin blocks into
each of which an implant, one of 3.7 mm in diameter
(Group 1) (Uniti Implants, Equinox Medical Technology,
Amersfoort, Netherlands) and other of 6.0 mm in diameter
(Group 2) (Uniti Implants, Equinox Medical Technology,
Amersfoort, Netherlands) were embedded in the center.
Straight abutments of the corresponding diameter, each
of a 2 mm collar height and abutment height of 8 mm were
placed into the implants and the screw was torqued up to
23 Ncm torque. The access holes of these screws were
blocked out using Fermit resin (Ivoclar Vivadent, Ivoclar
Vivadent AG, Liechtenstein) (Figs 1 and 2).
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Coping Fabrication
INTRODUCTION
Introduction of osseointegrated implants has brought about
a great change in the treatment of partially and completely
edentulous patients. Restorations supported by implants can
be either cement retained or screw retained.1 Cementretained restorations have gained preference in many cases
due to inherent advantages,2 making them the restorations
of choice for the treatment of implant patients.
Various luting agents like zinc phosphate, glass ionomer
cement, among the many others have been routinely used
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The copings were waxed up using type II inlay casting wax
(S-U-Modelling wax, Schuler Dental GmbH and Co. KG,
Ulm, Germany) and were cast in nickel-chromium alloy
(Hi-Chrom Soft-7, High-Dental, Japan) as per standard
casting protocols.
Each coping was 0.5 mm thick and had a circular loop
5 mm in diameter on its occlusal surface to permit the
attachment of the hook of the testing machine to it.
A total of 14 copings were fabricated (seven copings
for each study group) (Figs 3 and 4).
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Fig. 1: A 3.7 mm diameter straight abutment (group 1)

Fig. 5: Cementation of coping under load of 100 N

phosphate cement (Harvard, Harvard Dental International,
Berlin, Germany) and polymeric resin cement (Implacem,
Equinox Medical Technology, Amersfoort, Netherlands)
were used for luting the copings to the abutments (Fig. 5).
For each group the sequence in which the two luting agents
were used was randomly selected.
Luting Procedure with Zinc Phosphate
Luting Agent

Fig. 2: A 6 mm diameter straight abutment (group 2)

Fig. 3: Copings in group 1

Fig. 4: Copings in group 2

Cementation of Copings
Prior to cementation the copings were sand-blasted using
50 micron alumina powder. Two luting cements, zinc

The powder and liquid were weighed using a digital balance
in a ratio recommended by manufacturer. The mixing was
done on a cool clean and dry glass slab. The luting agent
was then coated on the inner side of the coping and the
coping were placed on the respective abutment. The blocks
were clamped onto a loading device and the pressure on
the coping was gradually increased up to 100 N. After a
setting time of 4 minutes, the excess cement was removed
with a probe. The block was then stored overnight at room
temperature.
Luting Procedure with Polymeric Implant
Cement (ImplaCem)
The luting agent is delivered in an automix form. The
injection tip was attached to the cement cartridge and the
cement was extruded into each coping. The coping was then
placed on the abutment and the blocks were similarly
clamped onto the loading device so that the copings were
cemented under a constant 100 N load as described earlier.
Each coping was luted with any one luting agent initially,
and then was subjected to testing after 24 hours. Following
testing, the copings were manually and ultrasonically
cleaned and were luted back on the same abutment with the
other luting agent. The purpose of this was to ensure that
the same coping was tested with both luting agents (Fig. 6).

International Journal of Prosthodontics and Restorative Dentistry, July-September 2012;2(3):96-100

97

Jay Dipak Matani et al

comparisons between various groups was utilized, p-values
were obtained for all the tests. Value less than 0.05 are
considered as significant and value more than 0.05 are not
significant. The entire statistical analysis was done using
Statistical Package for Social Sciences (SPSS Inc. Chicago,
USA, version 11.5) for Microsoft Windows.
RESULTS

Fig. 6: Testing of the coping

Testing of Specimens
The blocks with the coping cemented on them were locked
on a universal testing machine. The hook of the testing
device was engaged into the loop created on the occlusal
surface of the coping and a load was applied to pull the
coping away from the abutment at a speed of 5 mm/minute.
The force at which the bond failure occurred was recorded
as the peak load of the failure of the luting cement.
All the samples were subjected to the same testing
protocols for both the luting cements.

The load required for failure for both the groups were
recorded and the mean and standard deviations were
tabulated (Table 1). For both the abutments zinc phosphate
showed superior retention than polymeric implant cements
(Graph 1). A significant difference was present between
the groups (Table 2).
In this study, for the broad abutment (6 mm diameter),
it was found that there was a significant difference in the
retentive values obtained by using zinc phosphate cement
(mean = 667.370) when compared to those of the polymeric
implant cement (mean = 256.55) (p = 0.000) (Table 3).

STATISTICAL ANALYSIS
Unpaired t-test was used to compare the load at which failure
occurred between the two cements for the narrow abutment
and broad abutments respectively.
Similarly comparison was made between the narrow and
broad abutment for the zinc phosphate group and polymeric
cement group respectively using unpaired t-test. One-way
analysis of variance (ANOVA) and ad-hoc test for multiple

Graph 1: Comparison of load at failure for groups 1 and 2

Table 1: Load at failure for different groups
N

Group 1 ZP
Group 1 PIC
Group 2 ZP
Group 2 PIC

Mean

7
7
7
7

Std. deviation

464.2
337.8
667.4
256.6

Std. error

41.9
17.9
67.6
46.2

15.8
6.8
25.6
17.5

95% confidence interval for mean
Lower bound

Upper bound

425.5
321.2
604.8
213.8

503.0
354.4
729.9
299.3

ZP: Zinc phosphate cement; PIC: Polymeric implant cement
Table 2: Results for ANOVA
Sum of squares

df

Mean square

F

Significance

Between groups
Within groups

672,635.151
52,724.651

3
24

224,211.717
2,196.860

102.060

0.000

Total

725,359.802

27
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Table 3: Post hoc tests for multiple comparisons
Category (I)

ZP 1

PIC 1

ZP 2

PIC 2

Category (J)

PIC 1
ZP 2
PIC 2
ZP 1
ZP 2
PIC 2
ZP 1
PIC 1
PIC 2
ZP 1
PIC 1
ZP 2

Mean difference
(I-J)
126.4
–2.03
207.7
–126.41
–329.56
81.3
203.1
329.6
410.8
–207.68
–81.3
–410.82

Std. error

Significance

95% confidence interval
Lower bound

25.05
25.05
25.05
25.05
25.05
25.05
25.05
25.0
25.0
25.0
25.05
25.0

0.000
0.000
0.000
0.000
0.000
0.017
0.000
0.000
0.000
0.000
0.017
0.000

57.3
–272.3
138.6
–195.5
–398.7
12.2
134.0
260.4
341.7
–276.8
–150.4
–479.9

Upper bound
195.5
–134.0
276.8
–57.3
–260.4
150.4
272.3
398.7
479.9
–138.6
–12.2
–341.7

ZP 1: Group 1 zinc phosphate cement; PIC 1: Group 1 polymeric implant cement; ZP 2: Group 2 zinc phosphate cement; PIC 2: Group 2
polymeric implant cement

However, when the narrow abutment (3.7 mm diameter)
was used, the difference in the retentive value of zinc
phosphate (mean = 464.228) and polymeric implant cement
(mean = 337.814) was not as much as seen for the broad
abutment. This difference though was statistically significant
(p = 0.000) (Table 3).
DISCUSSION
Cement retained implant restorations are the mainstay of
modern implantology. The choice of luting agent may directly
affect the long-term success of the implant restorations.3,7-9
Cemented restorations have become a popular
alternative and exhibit the following advantages over screwretained restorations:
a. Provide resistance to rotational forces that cause
loosening, as in screw-retained designs.
b. Provide passive superstructure and allow easier axial
loading of fixture.
c. They are less technique sensitive and hence allow
completion of laboratory and clinical phases of
restorative treatment with ease.
d. Small discrepancies between retainer and abutment can
be compensated.10
e. Easier access on posterior abutments.
The amount of retention and resistance form of cement
retained restorations depends on the selection of the
abutment, luting agent and casting procedures.11
Some of the factors affecting the same are the use of
venting or internal casting relief, variations in cement
viscosity and seating pressure and the masticatory forces.
Luting considerations for implant supported crowns
differ slightly from those for tooth supported crowns and
depend on the type of prosthesis and the long-term goals.
Desirable properties of a luting agent used for luting
implant supported crowns are:

a. Adequate tensile strength to provide good retention and
at the same time render the crowns to be retrievable
without damaging the superstructure/abutment.
b. Basic requirements like mechanical, biological and
handling properties must be met. However, fluoride
releasing and bonding to tooth is not needed in the case
of implant supported restorations.
c. Easy and predictable cleaning of the excess residual
cement from the abutment surface and peri-implant
sulcus.
Zinc phosphate is the most commonly used luting agent
for restorations. It has been reported that the use of zinc
phosphate cement results in significantly higher load
separation values when compared to Tempbond NE (Kerr
Manufacturing Co. Romulus MI).12 However, its strength is
quite high to render easy retrievability and removal of excess
cement from the gingival sulcus is frequently a problem.
For ease of removal, temporary luting agents are mainly
used for luting implant supported restorations. With the
current trend of using temporary cements, each advantage
of screw retained FPD can be applied to the cemented
restoration as well.13 Newer cements like Implacem which
are polymeric by nature are gaining popularity due to the
significant retentive capability and ease in cleaning excess
residual cement from the peri-implant sulcus. Hence, zinc
phosphate and polymeric implant cement were selected for
comparison of their retentive abilities.
As stated previously, the abutment size plays a critical
role in the retention of the implant supported prosthesis.
Previous studies have reported the effect of abutment size
(diameter and height) on the retentiveness of the prosthesis
but no clear conclusion has been drawn.9,14 Thus, studying
the retentive abilities of these cements on implant abutments
of varying sizes (diameter) may provide some new insights
into their behavior and clinical applications.
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Zinc phosphate showed superior retention than
polymeric implant cements for both the abutment diameters
(Graph 1).
In this study, for the broad abutment (6 mm diameter),
it was found that retentive values obtained by using zinc
phosphate cement were significantly greater than polymeric
implant cement (Implacem). The values obtained using the
polymeric implant cement are close to those of the average
masticatory forces thus indicating that polymeric implant
cements should not be used for broader abutments to prevent
loss of retention of the implant prostheses.
However, the difference in the retentive value of zinc
phosphate and polymeric implant cement (Implacem) for
the narrow abutment (3.7 mm diameter) was not as much
as seen for the broad abutment. This difference though was
statistically significant (Table 3). As Implacem provides
retentive values almost similar to that of zinc phosphate,
Implacem maybe preferred for such narrower abutments,
due to its ease of removal from the sulcus and retrievability.
The simplicity of manipulation by the use of its automated
dispensing tips is also a potential advantage.
CONCLUSION
Within the limitations of the study the following conclusions
can be drawn:
• For the abutment diameters tested, the retentive values
of zinc phosphate was significantly greater than
polymeric implant cement.
• For broad abutments, zinc phosphate was significantly
more retentive than polymeric implant cement.
• For narrow abutments, retentive values of zinc phosphate
and polymeric implant cement were almost similar.
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The following clinical recommendations can be drawn,
For broader abutments, zinc phosphate should be
preferred over the polymeric cements.
For narrower abutments, as the retentive values of both
the luting cements are in the similar range, due to the
inherent advantages of the polymeric cement, it could be
the material of choice.
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