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ABSTRACT

Background: Few studies assessed the effect of coping material (particularly milled metal copings) 
on the retentive strength of cements and reported contradictory results. Thus, this study aims 
to assess the marginal leakage and retentive strength of implant‑supported milled zirconia and 
cobalt‑chromium (Co‑Cr) copings cemented with different temporary cements.
Materials and Methods: In this in vitro study, Zirconia and Co‑Cr copings were fabricated on 100 
straight titanium abutments. Each group of copings was divided into five subgroups (n = 10) for the 
use of different cements: permanent zinc‑phosphate (ZP) cement, temporary zinc oxide eugenol 
cement (temp bond [TB]), calcium hydroxide‑based temporary cement (Dycal [DC]), polymer‑based 
eugenol‑free acrylic‑urethane temporary cement (Dentotemp [DT]), and methacrylate‑based 
temporary cement (Implantlink [IL]). The retentive strength and marginal leakage of restorations 
were assessed. Data were analyzed by one‑way ANOVA, Tukey, and Fisher’s exact tests ( = 0.05).
Results: In the Co‑Cr group, the retentive strength values (in Newtons) were as follows: 
ZP (411.40 ± 5.19) >DC (248.80 ± 5.01) >IL (200.10 ± 5.06) >DT (157.90 ± 5.19) >TB (98.50 ± 6.88). 
This order was as follows in the zirconia group: ZP (388.70 ± 5.35) >DC (226.60 ± 5.08) 
>IL (179.00 ± 3.71) >DT (136.00 ± 4.88) >TB (78.60 ± 3.50). All pairwise comparisons were 
statistically significant (P < 0.001). The difference in marginal leakage was not significant among the 
groups (P = 0.480).
Conclusion: The type of coping material and cement type significantly affected retentive strength, 
but not marginal leakage, of implant restorations. Milled Co‑Cr copings showed higher retentive 
strength than zirconia copings, and ZP cement followed by DC yielded the highest retention.
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INTRODUCTION

Implant‑supported restorations are a popular treatment 
option for the replacement of lost teeth.[1] These 
restorations can be cement‑retained or screw‑retained. 
Each type of restoration has some advantages and 

disadvantages and is suitable for certain cases.[2] 
Nonetheless, the selection of restoration type is mainly 
based on the preference of the clinician rather than 
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evidence‑based.[3] The advantages of implant‑supported 
cement‑retained restorations include optimal esthetics 
and strength and high durability under occlusal forces 
since they do not require an occlusal screw access 
hole.[1] Increased passivity of restoration, uniform stress 
distribution, easy fabrication, lower laboratory technical 
sensitivity, lower cost, and faster fabrication process 
are among the other advantages of implant‑supported 
cement‑retained restorations.[4,5] Moreover, 
cement‑retained restorations can be used for cases with 
inappropriate implant position to correct the occlusion.[2] 
Nonetheless, cement‑retained restorations have some 
drawbacks as well. Eliminating excess cement from 
the gingival sulcus is difficult, and residual cement can 
lead to peri‑implantitis.[2] Moreover, the retrieval of 
cement‑retained restorations is challenging.[1]

Marginal leakage and retentive strength are two 
important factors in implant‑supported cement‑retained 
restorations.[1,6,7] Marginal leakage occurs when a 
gap between the cement and substrate occurs. This 
gap can lead to the accumulation and proliferation of 
bacteria.[8] Toxins subsequently accumulate in the area, 
causing inflammation of peri‑implant tissues, especially 
in restorations with a subgingival margin.[1] The retentive 
strength of implant restorations should not be too high to 
prevent their retrieval and should not be too low to cause 
frequent crown falls and embarrassment to patients.

Cement selection is an important parameter in the 
durability of implant restorations,[4] which affects both 
marginal leakage and retention of restoration.[1] An 
ideal cement should provide adequate retention against 
the dislodging forces when in function, and allow 
restoration retrieval for repair.[1] Moreover, cements are 
different in terms of their resistance to microleakage.[9] 
Leakage may occur due to the loss of cement adhesion, 
dissolution of cement, shrinkage of cement, or 
mechanical failure of cement.[9] Dental cements 
can be divided into two categories – permanent and 
temporary cements. Zinc‑phosphate (ZP) cement 
is a permanent cement that has long been used 
for implant restorations. It is commonly used as a 
reference for comparison with different cements in 
the literature.[1] Temporary cements are used for the 
cementation of provisional restorations, temporary 
cementation of the final restoration, or cementation 
of implant‑supported restorations.[10] Temporary 
cements provide optimal retention and marginal seal in 
implant‑supported restorations. On the other hand, due 
to their elasticity, they allow restoration retrieval, if 
required.[1] Thus, many researchers recommend the use 

of temporary cements.[11] Zinc oxide–eugenol (ZOE) 
and eugenol‑free zinc oxide (EF) are the temporary 
cements used for implant restorations.[12] Recently, 
temporary urethane‑based resin cements were 
introduced for implant‑supported restorations.[3]

The type (material) of implant restoration can also 
affect its retention and marginal leakage.[11,13‑15] 
Limited studies have compared the retentive strength 
of zirconia and metal copings cemented with different 
types of cements, reporting controversial results. 
Moreover, most available studies have evaluated 
metal copings fabricated by the conventional casting 
method, and very limited studies have assessed metal 
copings fabricated by the milling machine, which has 
gained recent popularity. Schiessl et al.[11] reported 
no significant difference in the retention of metal 
and zirconia copings placed on titanium abutments. 
However, Deepthi et al.[13] discussed that each crown 
type has its considerations when selecting cement 
type. Despite the availability of studies regarding the 
retentive strength of different temporary cements used 
for implant restorations, information regarding the effect 
of coping materials (especially metal coping fabricated 
by the computer‑aided design‑computer‑aided 
manufacturing [CAD‑CAM] systems) on retention 
and marginal leakage is scarce and controversial. 
Thus, this study aimed to assess the marginal leakage 
and retentive strength of implant‑supported zirconia 
and cobalt‑chromium (Co‑Cr) copings cemented with 
different temporary cements. The null hypothesis was 
that the type of temporary cement and coping material 
would have no significant effect on marginal leakage 
and retention of implant‑supported restorations.

MATERIALS AND METHODS

In this in vitro study, to calculate the sample size, 
the formula proportional to the difference between 
the means of the two communities has been used. 
Considering the  = 0.80,  = 0.05, and the standard 
deviation equal to 4.29, 70.76, and d = 65, the sample 
size was equal to at least 9.32 (10 for each group).
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This study evaluated 100 straight titanium 
abutments (SIC Standard Abutments, SIC invent AG, 
Basel, Switzerland) with 4.2 mm diameter, 8.5 mm 
specific height, and 1.5 mm gingival height that were 
tightened on implant analogs (SIC Lab Implant, SIC 
invent AG, Basel, Switzerland) with 30 Ncm torque. 
The abutment and implant analog assemblies were 
vertically mounted in autopolymerizing acrylic resin 
blocks (Palapress vario, Heraeus Kulzer, Wehrheim, 
Germany) using a dental surveyor such that the 
abutment margin was 2 mm above the acrylic resin. The 
assemblies were divided into two groups of zirconia 
and Co‑Cr based on the coping material. Each group 
was subsequently divided into five subgroups (n = 10) 
based on the type of cement: permanent ZP cement, 
ZOE cement (temp bond [TB]), temporary cement 
with a calcium hydroxide base (Dycal [DC]), 
polymer‑based EF acrylic‑urethane temporary 
cement (Dentotemp [DT]), and methacrylate‑based 
temporary cement (Implantlink [IL]). Table 1 presents 
the details regarding the cements used in this study. 
ZP cement was used as a standard reference cement 
since it has a long successful history.[1] The ethical 
committee at Guilan University of Medical Sciences 
has approved the study (IR. GUMS. REC.1397.313).

The abutments were scanned by a laboratory 
scanner (Ceramill Map 400, Amann Girrbach, 
Koblach, Austria). The copings were then designed 
by the designing software (Ceramill Mind, Amann 
Girrbach, Koblach, Austria). The cement space was 
considered to be 50 µm except at the margins that 
were fit. An occlusal loop was designed for the 
zirconia copings. Nonsintered zirconia blocks were 

then milled by a milling machine (Motion 2 [5x], 
Amann Girrbach, Koblach, Austria). Eventually, the 
copings were sintered at 1470°C. Sintered Co‑Cr 
blocks (Zapp AG, Pforzheim, Germany) and a milling 
machine (Arum 5X; Dowoom, Daejeon, Korea) were 
used to fabricate metal copings.

The conventional casting method was used to fabricate 
loop on metal copings such that the wax patterns were 
invested with a base metal alloy.[16] The loops were then 
positioned and soldered at the center of the occlusal 
surface of the copings by using a surveyor. The loops 
were used to connect the copings to the universal 
testing machine for the tensile test. After fabrication, 
the copings’ seating was evaluated using silicone 
disclosing medium (Fit‑Checker, GC Corp., Tokyo, 
Japan). The accuracy of the margins was evaluated 
by two examiners under ×4. No surface treatment 
was performed for the substrates. The specimens were 
cleaned in an ultrasonic bath containing 96% isopropyl 
alcohol for 5 min. Each cement was mixed according 
to the manufacturer’s instructions and applied on the 
internal surface of the cervical half of the copings. 
The copings were then placed on the abutments with 
finger pressure for 10 s. Subsequently, a 6‑kg weight 
was used to apply pressure along the longitudinal 
axis of the specimens for 10 min. Excess cement was 
removed by the sharp tip of an explorer.

All specimens were stored in distilled water at 
37°C for 24 h. Subsequently, the specimens were 
thermocycled for 5000 cycles between 5°C and 55°C 
with a 30‑s dwell time. Each specimen was then 
immersed in 0.5% aqueous solution of basic fuchsine 
dye at 37°C for 24 h.[17] To assess the retentive 

Table 1: Details of the cements used in this study
Commercial name Cement type Composition Company
Harvard cement (ZP) ZnO‑phosphate Powder: ZnO, magnesia

Liquid: Phosphoric acid
Harvard dental international, 
Germany, Berlin, Germany

TB ZnO eugenol Base: ZnO
Catalyzer: Zinc acetate dihydrate, Rosin, 
oligomers (NLP) and eugenol

Kerr Italia, Salerno, Italy

DC Calcium hydroxide Base: 1,3‑butylene glycol disalicylate, ZnO, calcium 
phosphate, calcium tungstate, iron oxide pigments
Catalyzer: Calcium hydroxide, N‑ethyl‑4‑toluene 
sulfonamide, ZnO, titanium dioxide, zinc stearate, iron 
oxide pigments (only dentin color)

DENTSPLY, Tokyo, Japan

DT Noneugenol, 
acrylicurethane 
polymerbased 
temporarycement

Catalyst: Aliphatic urethane diacrilate resilient oligomer, 
TEGDMA, benzoyl peroxide, talc, fumed silica, TiO2
Base: Aliphatic urethane diacrilate resilient oligomer, 
TEGDMA, HEMA, co‑initiator, talc, fumed silica, TiO2

Itena clinical, Villepinte, 
France

IL Semi Methacrylate–based 
cement with a plasticizer

Methacrylate oligomers, triclosan Detax, Ettlingen, Germany

DT: Dentotemp; DC: Dycal; TB: Temp bond; ZnO: Zinc oxide; ZP: Zinc‑phosphate; Zp: Zinc‑phosphate; TEGDMA: Triethylene glycol dimethacrylate; 
HEMA: Hydroxyethylmethacrylate



Figure 1: Retentive strength test.

Figure 2: Assessment of basic fuchsine dye penetration into 
the zirconia coping to determine the leakage grade under a 
video measuring machine.
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strength, the pull‑out test was performed using a 
universal testing machine (STM20; Santam, Tehran, 
Iran) at a crosshead speed of 0.5 mm/min [Figure 1].

The failure mode was categorized as follows: (I) 
residual cement on the internal crown surface, (II) 
residual cement on both crown and abutment surface, 
and (III) residual cement on the abutment surface.[18]

Moreover, each metal coping was evaluated 
using a video measuring machine (C‑Class Vision 
Measurement Machine, Easson Optoelectronica 
Technology Co., Suzhou, China) [Figure 2]. Marginal 
leakage was quantified according to a classification by 
Tjan and Chiu[19] as follows:
•	 Grade 0: No trace of fuchsine dye on the internal 

surface of the coping (no leakage)
•	 Grade 1: Leakage limited to the lower half of the 

internal surface of the coping

•	 Grade 2: Leakage exceeding the lower half of the 
internal surface of the coping.

The Shapiro–Wilk test was used to assess the normal 
distribution of data. The Levene’s test was applied 
to analyze the homogeneity of variances. Since 
both the assumptions were met, one‑way ANOVA 
and post hoc Tukey’s test were used to compare the 
retentive strength among the groups. The Fisher’s 
exact test was used to compare marginal leakage. 
All statistical analyses were carried out using SPSS 
version 26 (SPSS Inc., Chicago, IL, USA) at a 0.05 
significance level.

RESULTS

Table 2 presents descriptive findings and the results 
of between‑group comparisons. According to the 
results, the ZP cement yielded the highest retentive 
strength in both Co‑Cr and zirconia coping groups, 
followed by the DC, IL, DT, and TB. All pairwise 
comparisons of the cements yielded significant 
differences (P < 0.001). Moreover, Co‑Cr copings 
yielded higher retention, in each cement group than 
zirconia copings (P < 0.001). ZP cement in both 
Co‑Cr (411.40 ± 5.19 N) and zirconia (388.70 ± 5.35 N) 
copings resulted in higher retentive strength than other 
cements. After ZP cement, Co‑Cr coping with DC 
cement (248.80 ± 5.01 N) followed by zirconia 
coping with DC cement (226.60 ± 5.08 N) showed 
the highest retentive strength. The lowest retentive 
strength belonged to zirconia coping with TB 
cement (78.60 ± 3.50 N) followed by Co‑Cr coping 
with TB cement (98.50 ± 6.88 N). Irrespective of 
coping material, residual cement was found on the 
crown surface in ZP and DC cement groups, on both 
the crown and abutment surface in TB, and on the 
abutment surface in IL and DT groups.

Figure 3 shows the frequency distribution of leakage 
grades in the study groups. The Fisher’s exact test 
showed no significant difference in marginal leakage 
between the study groups (P = 0.480). Grade 0 was 
the most common leakage grade in specimens.

DISCUSSION

Cement selection is highly important in all restoration 
types, particularly implant‑supported restorations.[17] 
Limited studies have addressed the retentive strength 
and marginal leakage of implant‑supported 
restorations cemented with different temporary 



Figure 3: Frequency of leakage grades in the study groups. 
Co‑Cr: Cobalt‑chromium, ZP: Zinc‑phosphate, TB: Temp bond, 
DC: Dycal, DT: Dentotemp, IL: Implantlink, Zr: Zirconium.
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cements. The present results rejected the part of the 
null hypothesis regarding no significant effect of 
cement type and coping material on the retentive 
strength of implant‑supported crowns. Nonetheless, 
the second part of the null hypothesis regarding no 
significant effect of cement type and coping material 
on the leakage grade was confirmed.

Many of the available studies on this topic have 
high standard deviations,[1,20,21] which can be mainly 
due to nonstandardization of the fabrication process 
parameters, particularly the cement layer thickness. 
Another reason may be the unpredictable behavior 
of these cements.[22] In the present study, it was tried 
to standardize the parameters affecting the retentive 
strength and marginal leakage, other than the cement 
type and crown material, such as the abutment size 
and shape, restoration and abutment preparation, 
cement layer thickness, and the aging process. The 
use of CAD‑CAM technology is one suggested 
method to standardize the cement layer thickness 

and shape and dimensions of restorations.[1] Thus, the 
milling technique was used to fabricate a metal frame, 
similar to zirconia, and the Co‑Cr alloy was directly 
milled. Moreover, the cementation process was 
standardized to achieve a cement layer with uniform 
thickness. The cements were prepared with precise 
ratios or by the use of mixing tips, and a 6 kg weight 
was placed on the copings during the setting process 
of the cement for 10 min.[11] Furthermore, the cement 
was applied in the cervical half of the copings at the 
time of cementation. This technique has been shown 
to decrease marginal leakage and increase retention in 
implant‑supported restorations.[23]

Thermocycling can greatly help predict the long‑term 
clinical service of restorations.[24] Furthermore, it 
has been shown to be a suitable method for in vitro 
simulation of thermal changes that occur in the oral 
environment due to eating, drinking, and respiration 
because restorations are constantly exposed to thermal 
alterations in the oral cavity.[24,25] In the present study, 
all specimens were subjected to standard reproducible 
stress. Aging was performed by thermocycling 
for 5000 thermal cycles in the present study, 
corresponding to 4–5 years of clinical service.[26]

The retention of implant‑supported restorations plays 
a fundamental role in treatment success.[5] The present 
results revealed that the maximum retentive strength 
was provided by the ZP cement followed by DC, 
IL, DT, and TB, in an orderly manner, irrespective 
of the crown material (metal or zirconia). Thus, 
according to the results, the type of cement affected 
the retentive strength of implant restorations, and 
the null hypothesis of the study in this respect was 
rejected. This finding was in agreement with previous 
results.[2,4,11,17,18,22,25,27‑31] Pan et al.[22] found that the 
retentive strength of the ZP cement was higher than 
that of temporary cements; however, the difference 
between ZOE‑based temporary cement (TB) and 

Table 2: Mean and standard deviation of retentive strength of the groups in Newtons (n=10)
Group Co‑Cr Zirconia P (F)

Mean±SD 95% CI for mean Mean±SD 95% CI for mean
Lower bound Upper bound Lower bound Upper bound

ZP 411.40±5.19Aa 407.69 415.11 388.70±5.35Ab 384.87 392.53 P0.001 
(4904.59)TB 98.50±6.88Ba 93.57 103.42 78.60±3.50Bb 76.09 81.10

DC 248.80±5.01Ca 245.22 252.38 226.60±5.08Cb 222.96 230.23
DT 157.90±5.19Da 154.18 161.62 136.00±4.88Db 132.51 139.49
IL 200.10±5.06Ea 196.48 203.72 179.00±3.71Eb 176.34 181.65

Means with the same superscripted uppercase letters within the same column are not significantly different (P>0.05). Means with the same superscripted lowercase 
letters within the same row are not significantly different (P>0.05). SD: Standard deviation; ZP: Zinc‑phosphate; TB: Temp bond; DC: Dycal; DT: Dentotemp; 
IL: Implantlink; CI: Confidence interval
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cements with resin and the acrylic base was not 
significant. Nejatidanesh et al.[18,25] in their two studies 
on zirconia and metal‑ceramic crowns, reported 
results similar to those of Pan et al.[22]

This controversy may be due to the use of different 
brands of resin‑based temporary cements in the 
present study, the study design, and the difference in 
the material and fabrication technique of restorations. 
Similarly, Dähne et al.[32] evaluated zirconia crowns 
and reported that IL cement yielded higher retention 
than TB cement.

An interesting finding of this study was higher 
retention of DC compared with other temporary 
cements, including TB. Similarly, Farzin 
et al.[5] assessed implant‑supported metal‑ceramic 
restorations, and Román‑Rodríguez et al.[27] evaluated 
provisional dental restorations and showed that DC 
yielded higher retention than the TB cement. In fact, 
DC, when set, has a more brittle consistency than 
other temporary cements and is stronger.[5] Moreover, 
it has been confirmed that ZOE has high solubility in 
direct contact with water.[4] This finding is in contrast 
to the results of some studies on provisional dental 
restorations that did not report a significant difference 
between DC and Tempbond.[29,33]

The assessment of failure mode is important since 
removal of residual cement from the abutment surface 
can be difficult and may damage the surface.[25] 
According to the results of failure mode assessment 
in the present study, irrespective of coping material, 
residual cement was found on the crown surface in 
ZP and DC cement groups, on both the crown and 
abutment surface in TB, and on the abutment surface in 
IL and DT groups. Similar results have been reported 
in the literature.[18] Nejatidanesh et al.[18] evaluated 
zirconia crowns and reported residual ZP cement only 
on the crown surface. This finding may be related 
to the micromechanical retention mechanism of this 
cement and smoothness of the abutment surface.

The current results regarding the effect of coping 
material on retentive strength revealed that all cements 
yielded higher retentive strength in Co‑Cr copings 
compared with zirconia copings. This result was in 
agreement with that of Lopes et al.[2] They found that 
despite the use of similar milling parameters, Co‑Cr 
copings had higher retentive strength than other 
copings such as zirconia. The different surface texture 
and mechanical properties of zirconia and metal alloys 
can explain this finding. Nonetheless, this finding 

was in contrast to the results of some other studies. 
Schiessl et al.[11] reported no significant difference in 
this regard. Another study indicated that the retentive 
strength of zirconia copings cemented on titanium 
abutments was higher than that of metal copings.[13] 
The studies above used metal copings fabricated by 
the conventional casting method.

Regarding marginal leakage, the current results 
revealed no significant difference between different 
cements and also between Co‑Cr and zirconia 
copings in this respect. Similarly, Okuyama et al.[17] 
found no significant difference in marginal leakage 
between DC and TB cements. This finding was in 
contrast to the results of some others who reported 
significant differences in marginal leakage of different 
cements.[1,17,22] Pan et al.[22] demonstrated lower 
marginal leakage by resin‑based temporary cements 
compared with ZP and by ZP compared with TB. One 
possible reason for this controversy may be the use 
of the CAD‑CAM system to fabricate copings and the 
subsequent creation of a standard and uniform cement 
space, which can improve the seating of restorations. 
Uniform cement space can enhance the extrusion of 
excess cement, decrease the required load for seating 
restoration, and subsequently improve the adaptation 
and retention of restoration.[22,34] In general, the cement 
space should be large enough to enhance seating 
but not too large to excessively increase the cement 
thickness.[1,35] Evidence shows that an excessively 
thick cement layer can significantly increase 
microleakage and bacterial accumulation.[36] Other 
reasons may be using different brands of cements 
in studies, different materials for restorations, and 
different study designs.

In interpreting the present results, it should be noted 
that this study had an in vitro design, and the oral 
clinical environment cannot be perfectly simulated 
in vitro. A pure tensile test was used in this study 
while in the oral cavity, tensile forces are only one 
of many types of forces applied to restorations in the 
process of mastication that may cause decementation. 
However, similar studies also used this test, which 
allows a more accurate comparison of the results. 
Future clinical studies are required, taking into 
account the abovementioned limitations.

CONCLUSION

By taking into account the limitations of this 
in vitro study, it may be concluded that the coping 
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material and cement type can affect the retention 
of implant‑supported restorations such that Co‑Cr 
copings and DC cement (of all temporary cements 
tested in this study) yielded higher retention. 
Nonetheless, marginal leakage was not influenced 
by the coping material or cement type, and most 
restorations showed a low grade of leakage.
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