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Abstract

Department of Prosthodontics, Oxford Dental College, Bengaluru, Karnataka, 
India

Purpose of the Study: The purpose of this study was to evaluate the retention values and marginal adaptation of implant- supported 
metal crowns using four different cementation techniques.

Introduction

Keywords: Implant Crown Cementation; Marginal Discrepancy; Peri Implantitis

Materials and Methodology: Eighty implant abutment complex (IAC) and metal crowns with defect free and smooth marginal sur-
face were used in the study. Each IAC was composed of a 5.5 mm high titanium abutment screwed onto a 10mm long stainless steel 
implant analog with 25 Ncm torque according to manufacturer’s instructions. The specimens were divided into four groups (groups 
A-D, twenty specimens per group) according to the cementation technique employed. In Group A, cement was evenly placed over the 
entire interior marginal surface (IMS) of the crown. In Group B, cement was evenly placed only on the occlusal surface of the crown. 
In Group C, cement was evenly applied on all the axial walls of interior surface of crown excluding occlusal surface In Group D resin 
abutment replica technique was used. Zinc phosphate cement (DPI, Harvard) was used for all cementation procedures according to 
manufacturer’s instructions. All specimens were subjected to 1000 thermal cycles between 5˚C and 55˚C with a dwell time of 10 sec-
onds in a thermocycling device. Marginal accuracy was detected after cementation of all specimens by stereomicroscope. The tensile 
force required to dislodge the copings were determined using a universal testing machine with a cross-head speed of 0.5 mm/ min. 
Data was collected and statistically analyzed.
Results: Highly significant differences in the marginal discrepancies were observed when different cementation techniques were 
used. Group D (abutment replica) had the highest mean retentive strength while having the least marginal discrepancy when com-
pared to other groups.

Conclusions: Based on the results obtained from this study it was concluded that the use of abutment replica technique resulted in 
the best marginal adaptation retention of cement retained implant prosthesis as compared to other techniques used in the study.

Since the inception of dental implants, crestal bone loss has 
been a subject of major concern. While there are a number of 
causes for crestal bone loss around dental implants, one iatrogenic 
cause is retained dental cement [1]. According to the American 
Academy of Periodontology, excess cement is one of the risk fac-
tors for peri-implantitis and peri-implant mucositis [2]. Wilson 
reported that excess dental cement was associated with signs of 

peri-implant disease in a majority (81%) of the cases within 4-9 
years after implant placement [3].

Hence, the cementation procedure of implant restoration is the 
weak link around the implant abutment junction. Accurate cemen-
tation protocols are often overlooked leading to use of cement in 
excess than that is required. In clinical practice, this excess cement 
is very difficult to locate and remove completely [4]. This could 
lead to plaque accumulation which acts as a nidus for colonization 
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of microorganisms resulting in peri-implantitis and subsequent 
crestal bone loss [5-8]. To overcome this problem, there is a need 
to adopt a cementation protocol which results in minimal or no ex-
cess cement.

Cementing techniques with minimal residual cement to achieve 
a passive fit, with no cement flowing out of the border between the 
crown and abutment; minimal roughness at the restoration- im-
plant abutment complex junction to alleviate bacterial accumula-
tion; and optimal retention for the restoration are considered fa-
vorable. Hence it is important to identify a cementation protocol 
that reduces excess cement that would cause peri-implantitis lead-
ing to implant failure.

Several methods have been proposed for minimizing the 
amount of cement in the restoration prior to cementation [9,10], 
during cementation [11], and after cementation [12]. One method 
for reducing the excess cement is providing a venting hole on the 
occlusal or lingual aspect of the restoration during cementation; 
however, more work is needed for creating the orifice and filling it 
after cementation [13]. Alternatively, a silicone index can also be 
used as a cementation index for this purpose [14]. Another method 
of reducing the excess cement before cementation is seating the 
restoration filled with cement on a practice abutment (analog abut-
ment) extraorally [10,15]. This abutment could be a stock analog 
or a customized analog made of poly vinyl siloxane (PVS) [15]. Af-
ter immediate wiping of excess cement, the restoration has to be 
placed in the mouth [10,15].

Techniques minimizing the amount of cement could control 
the amount of excess cement, although they might also lead to the 
formation of marginal gaps [10]. The marginal accuracy of dental 
restorations is an essential requirement for long-term success [20-
23]. Acceptable marginal discrepancy of a restoration has been 
suggested in the range of 50 - 120 mm [24,25].

Hence, the aim of this in vitro study was to a compare and evalu-
ate retention of cement retained implant restorations using univer-
sal testing machine and marginal discrepancies with stereomicro-
scope using different cement application methods.

Methodology
Eighty implant abutment complex (IAC) and metal crowns with 

defect free and smooth marginal surface were used in the study. 
Each IACs was composed of a 5.5mm high titanium abutment 

screwed onto a 10mm long stainless steel implant analog with 25 
Ncm torque according to manufacturer’s instructions. Eighty metal 
crowns with loop on the superior surface was fabricated according 
to standard laboratory protocols (Figure 1).

Figure 1: Implant analog with abutment analog and metal crown 
with superior loop embedded in acrylic resin.

A 25 µm thick die spacer (Han Dae Chemical Co Ltd) was ap-
plied to the surfaces of resin abutment replicas. Four index inden-
tations across the margins of the crown and IACs/resin abutment 
replicas was marked at approximately equal distances with the 
surgical scalpel (blade #15) under the stereomicroscope for fur-
ther measurements.

Before cementation, all the crowns was cleaned in an ultrasonic 
bath with distilled water for 10 minutes, wiped with alcohol and 
inspected under stereomicroscope. Each crown set on correspond-
ing IAC embedded individually in acrylic resin block and each area 
containing indentation was examined using stereomicroscope with 
10× objective lens. Zinc phosphate cement (DPI, Harvard) was 
used for all cementation procedures according to manufacturer’s 
instructions. For each specimen, the cement was mixed on a mix-
ing pad according to manufacturer’s instructions. The specimens 
were divided into four groups (groups A-D, twenty specimens per 
group) according to the cementation technique employed.

•	 In Group A, cement was evenly placed over the entire inte-
rior marginal surface (IMS) of the crown by using explorer, 
followed by seating the crown along the long axis of the IAC 
with manual compression for 10 seconds. Excess cement was 
removed with an explorer.
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•	 In Group B, cement was evenly placed only on the occlusal sur-
face of the crown by using explorer, followed by seating the 
crown along the long axis of the IAC with manual compression 
and loading.

•	 In Group C, cement was evenly applied on all the axial walls 
of interior surface of crown excluding occlusal surface using 
explorer, followed by seating the crown along the long axis of 
the IAC with manual compression and loading.

•	 In Group D, Die spacer was applied into the intaglio surface 
of the crown restoration according to the manufacturer’s rec-
ommendations (Han Dae Chemical Co Ltd). The crown was 
completely filled with a bis-acrylic temporary restorative ma-
terial (pattern resin: GC Dental Products Corp) and a retention 
pin with a smaller diameter tip was placed into the uncured 
material to form a handle and retention pin was secured until 
the bis-acrylic material was cured (Figure 2). The crown was 
removed and checked for any discrepancies between the im-
plant abutment and the bis-acrylic abutment. There were no 
voids on the duplicate abutment, and the finish line was dupli-
cated accurately. The intaglio surface of the crown restoration 
was cleaned with air and checked for any residual die spacer.

Figure 2: GC pattern resin.

Approximately twice the amount of cement used in group A was 
evenly placed on the entire IMS of the crown. Resin abutment rep-
lica was pressed on the crown along its long axis, and the excess ce-
ment was immediately wiped off with cotton gauze. The resin abut-
ment replica was then removed along the long axis of the crown, 
followed by seating of the crown, manual compression and loading 
(Figure 3).

So, 

Group A (entire interior marginal surface) = 20; n= 80

Group B (only occlusal surface) =20

Group C (all axial wall) = 20

Group D (Abutment Replica) = 20.

Testing of specimens
Ten hours after the cementation, all the specimens were sub-

jected to 1000 thermocycles between 5ْْC and 55 ̊ C with a 30 
second dwell time in each water bath. The marginal area of each 
specimen was examined using stereomicroscope and then all the 
measurements were conducted.

To assess the retention of crowns after cementation, pull out 
test was done. The uniaxial retention force test applies low-speed 
removal forces on the crown and implant abutment complex (IAC). 
The tensile strength was measured by pulling the crown from IAC 
with the Universal Testing Machine (Mecmisin) at the Indian In-
stitute of Science Bangalore at a crosshead speed of 0.5 mm/min.

Statistical analysis of data
The data collected was entered in excel sheet and analyzed us-

ing IBM SPSS Statistics, Version 22(Armonk, NY: IBM Corp). De-
scriptive data was presented in the form of mean and standard 
deviation. The tensile strength between the four groups was com-
pared using One Way ANOVA followed by Post hoc Tuckey test. P 
value < 0.05 will be considered as statistically significant. 

Figure 3: Abutment replica.
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Results
Retention

This study evaluated and compared the effect of different ce-
mentation techniques on retention of cement retained implant 
prosthesis using zinc phosphate cement. The results revealed that 
there was a statistically significant difference between the differ-
ent cementation techniques with regard to retention (Table 1). All 
values obtained were highly statistically significant with p < 0.001. 
The mean of retention values for Group D (abutment replica tech-
nique) was the highest, followed by Group A (entire interior mar-
ginal surface), Group B (only occlusal surface) and Group C (on all 
the axial walls) as interpretated by ANOVA test (Graph 1).

Group N Mean Std. Deviation F value P value
Group A 20 172.55 3.203

173.930 <0.001**Group B 20 171.90 3.194
Group C 20 171.45 4.524
Group D 20 193.25 3.354
Total 80 177.29 9.935

Table 1: Comparison of the tensile strength among all the groups 
using ANOVA test.

(p< 0.05 - Significant*, p < 0.001 - Highly significant**).

Graph 1: Comparison of the tensile strength in among  
all the groups using ANOVA test.

Post Hoc tests showed the mean difference of retention with dif-
ferent cementation techniques was highly significant. Comparison 
of the tensile strength among all the groups using Tukey’s post hoc 
analysis was highly significant with p < 0.001 (Table 2).

Group A Group B Group C Group D
Group A - 0.941 0.771 <0.001**
Group B 0.941 - 0.979 <0.001**
Group C 0.771 0.979 - <0.001**
Group D <0.001** <0.001** <0.001** -

Table 2: Comparison of the tensile strength among  
all the groups using Tukey’s post hoc analysis.

Marginal discrepancy
This study evaluated and compared the effect of different ce-

mentation techniques on marginal discrepancy of cement retained 
implant prosthesis using zinc phosphate cement. There were sta-
tistically significant differences between the different cementation 
techniques with regard to marginal discrepancy (Table 3). The 
mean of marginal discrepancy for Group D was the lowest, fol-
lowed by Group B, Group C and Group A (Graph 2).

Group N Mean Std. Deviation F value P value
Group A 20 32.45 1.356

213.607 <0.001**Group B 20 30.90 1.252
Group C 20 31.10 1.071
Group D 20 24.10 0.852
Total 80 29.64 3.461

Table 3: Comparison of the marginal discrepancy among all the 
groups using ANOVA test.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**).

Graph 2: Comparison of the marginal discrepancy  
among all the groups using ANOVA test.
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Post Hoc tests showed the mean difference of marginal discrep-
ancy with different cementation techniques was highly significant. 
Comparison of the marginal discrepancy among all the groups us-
ing Tukey’s post hoc analysis was highly significant with p < 0.001 
(Table 4).

Group A Group B Group C Group D
Group A - <0.001** 0.002* <0.001**
Group B <0.001** - 0.946 <0.001**
Group C 0.002* 0.946 - <0.001**
Group D <0.001** <0.001** <0.001** -

Table 4: Comparison of the marginal discrepancy among  
all the groups using Tukey’s post hoc analysis.

Discussion
One of the critical factors for success of implant-supported res-

torations is the connection integrity of prosthetic superstructure to 
the implant [26]. This integrity is provided by cement as means of 
implant-prosthesis retention.

But unfortunately there is no guideline for the appropriate 
amount of cement needed for cementation of restorations. Using 
too little cement could lead to leakage and inadequate retention, 
while using too much cement could cause other problems, such as 
alteration in occlusal position of the restoration (incomplete seat-
ing of the restoration), possible harm to peri- implant tissues, and 
more difficulty in cleaning the excess cement [9,27-29].

The amount of excess cement depends on the technique of ce-
mentation and also the type of cement, cement viscosity, sub gin-
gival margin placement, chemical composition of cement, diameter 
of implant [30]. Other contributing factors include forces during 
placement, margin integrity, ability to remove unset cement, abut-
ment material, texture, and shape. Visual and tactile method of 
locating and eliminating excess cement is clinically a challenging 
task [31,32]. Wadhwani., et al. [33] concluded that zinc containing 
cements can be easily detected on radiographs even at 1mm thick-
ness while glass ionomer cement and resin cement are not well 
demarcated at 1mm thickness and minimum 2mm of thickness is 
needed for their detection radiographically.

Zinc phosphate exhibits sufficient compressive and tensile 
strength, has a longer working time and excess cement can be eas-

ily removed without scratching the implant surface [16]. The luting 
property of zinc phosphate cement is achieved mainly from me-
chanical interlocking [17-19]. Therefore the cement of choice used 
in this study is zinc phosphate cement.

Thermocycling simulates thermal changes in the oral cavity 
[34]. It has been used for evaluating retentiveness of luting agents 
for metal components [35], bond strengths of luting agents to 
an implant system [36] and microleakage associated with luting 
agents [36]. GaRey., et al. [37] found that thermocycling has mini-
mal effect on retentiveness of resin cements. This finding may be 
attributed to the low solubility of resin cements compared with 
other luting agents [38]. Zinc phosphate cement used in this study 
has high solubility, therefore to mimic similar solubility, specimens 
were subjected to 1000 thermocycles between 5 ْْC and 55 ̊C with a 
30 second dwell time in each water bath.

The present study also measured the vertical marginal discrep-
ancy, which was described by Holmes., et al. [39] as the “vertical 
marginal misfit measured parallel to the path of draw of the cast-
ing”. Measurement data was obtained by positioning the specimens 
under the microscope so that the marginal area of the implant-
restoration junction was viewed from a directly perpendicular 
perspective. Other investigators have also used this methodology 
to easily and accurately report marginal misfit [40,41]. This allows 
for measurement of the marginal discrepancy in a nondestructive 
format that allows multiple readings on specimens throughout the 
prosthetic crown fabrication process.

Since marginal adaptation and retention are among the main 
criteria for success of a restoration, they need to be thoroughly 
investigated. In this in vitro study, cement failure load and mar-
ginal adaptation were evaluated on single- unit castings cemented 
to implant abutments. Zinc phosphate cement with four differ-
ent cementation techniques was tested using thermal cycling to 
simulate the intraoral environment. In this study, it was found that 
there were differences in retentiveness and marginal adaptation 
among the metal copings cemented with different cementation 
techniques. The Group D i.e. abutment replica group (AR) had the 
highest retention and least marginal discrepancy (Figure 1 and 2, 
table 1 and 3). In a study conducted by Tian Liang., et al. [42], they 
compared the retentive strength and linear roughness and margin-
al discrepancy with different luting cementation techniques with 
resin cement as luting agent. The results were in accordance with 
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this study. This study also concluded that cementing technique af-
fects retention and marginal discrepancy in cement retained im-
plant supported prosthesis.

Results of this study showed that abutment replica technique 
showed highest tensile strength compared to other techniques for 
implant retained crowns (Figure 1, table 1 and 2). The results of 
this study are in agreement with another study conducted by Tiang 
Liang., et al. [42] where they have also compared retention of ce-
ment retained implant prosthesis by using three different cementa-
tion techniques.

Another factor is the choice of abutment replica. Several meth-
ods are available for fabricating these replicas. They can either be 
fabricated along with the other implant elements by the manufac-
turers (practice abutment) or duplicated with resin or fast-setting 
materials (resin abutment replica) [10,15,43]. The former method 
allows a more accurate configuration of the actual abutment to 
facilitate adequate spreading, while the latter method is less time 
consuming and more cost efficient; even if a deviation exists, it can 
be adjusted by the fluidity of the cement.

Conventionally, a die spacer is applied on die surfaces during the 
fabrication of restorations to reserve space for cement, thus facili-
tating a passive fit for the fabricated crown [44]. Few clinical stud-
ies involve the use of a resin abutment replica during cementation 
[45]. More studies on the clinical applications of these cementing 
techniques are needed to further verify the findings in this study.

One limitation of this study was the use of a pure tensile test. 
The clinical stresses may not be represented by purely tensile test 
where other non-axial forces may contribute to crown decemen-
tation [46]. However, the pure tensile testing was used because it 
represents the worst case clinical scenario, and has been adopted 
in other studies and could allow comparison of our results with 
previous investigations.

As it was an in vitro study, it can be concluded that these find-
ings represent a best-case scenario, as the seating of the finished 
prosthesis was not inhibited by the soft tissues often present in 
intimate approximation with implants in situ. Clinical experience 
dictates that as the depth of the implant restoration interface in-
creases, the likelihood of trapping gingival tissues and incomplete 
seating of the prosthesis increases greatly. Hence further clinical 
studies are recommended to evaluate the effect of different cemen-

tation techniques on marginal discrepancy and retention of cement 
retained implant supported prosthesis.

Figure 4: Zinc phosphate cement.

Figure 5: Cementation using abutment replica.

Figure 6: Thermocycling unit.
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Figure 7: Stereomicroscope.

Figure 8: Universal testing machine.

Conclusion
Within the limitations of the present study, the following con-

clusions could be drawn:

•	 Vertical marginal gap values of all tested cements were within 
the clinically acceptable range of less than 120µm.

•	 The use of abutment replica technique resulted in the best 
marginal adaptation as compared to other techniques used in 
the study.

•	 The use of abutment replica technique resulted in the best re-
tention of cement retained implant prosthesis as compared to 
other techniques used in the study.
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