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Materials and Methods 

Results 

 The abutments were torqued to 35N/cm and the access hole filled with 

polytetrafluoroethylene film tape and packable composite (Filtek Supreme Ultra, 3M 

ESPE). The crowns were cemented with temporary cement (TempBond NE, Kerr 

Dental). The cementation was done using a surveyor applying a force of  5kg. to 

mimic the amount of  force exerted by the muscles of  mastication (Fig. 3). The 

samples were divided into 5 groups (n=10), one control group plus 4 cementation 

techniques were evaluated. 

•Control Group: Used to determine the amount of  cement to be used in the other 

groups. Measured lines were drawn on a mixing pad to determine the amount of  

cement to be used for each sample,  adding 0.2mm incrementally on each sample. 

Starting from 0.3mm of  cement on sample 1 to 1.2cm of  cement on sample 10. 

Temporary cement was added to the intaglio occlusal wall (Fig. 4). The sample that 

provided the right amount of  excess cement for measurement was determined to be 

the one that had 0.8mm of  cement. This amount of  cement was used on all further 

groups.  

•Rim technique group: The pre-established 0.8mm of  cement, was applied in the 

internal rim of  the crown using a microbrush (Henry Schein Dental) (Fig.5). 

•Pre-cementation technique: The intaglio surface of  the crown was lined with 

polytetrafluoroethylene tape, a PVS bite registration material (Blue Mousse, Parkell), 

was used to copy the internal configuration of  the crown to create a replica of  the 

abutment (Fig. 6). The crowns were cemented to the replica first (Fig. 7), all excess 

cement was removed and if  voids were present on the intaglio of  the crown, the 

remaining cement was applied to the crown prior cementation. A first sample was 

cemented with the pre-established 0.8mm of  cement to determine the amount of  

cement that remains in the abutment replica. This amount was determined to be the 

equivalent of  0.2mm of  cement which was added to all crowns of  the group to 

ensure that an equal amount of  cement will be evaluated.   

•Wall Layer technique: The zirconia crowns were cemented to a milled custom 

abutment using a microbrush to pain the 0.8mm of  cement to the axial walls of  the 

crown (Fig. 8). 

•Increased cement space technique: For this group, the zirconia crowns were 

designed with an additional 20 microns of  cement spacer. 0.8mm of  cement was 

applied to the occlusal intaglio of  the crown using a microbrush (Fig. 9).  

 A digital photograph of  each surface of  the cemented crowns (mesial, distal, 

buccal and lingual) was taken.  A digital software (Photoshop, Adobe) was used to 

measure the distance that the temporary cement traveled beyond the finish line in 

millimeters (mm.). Measurements were done using a ruler in the picture as a scale 

(Fig. 10). The longest measurement of  cement per surface was used.  

 All excess cement on each crown was removed and weighed using a digital 

scale in milligrams (mg.). Measurements among groups was analyzed with one way 

ANOVA as well as comparison of  each pair of  groups was completed with the 

student t test.  

 

Background: Restorative modalities for implant crowns can be broadly classified as screw or 

cement retained. Both modalities present advantages and disadvantages according to the 

literature. Cement-retained implant restorations are easier to fabricate compared to screw 

retained restorations. However, determining the right amount of  cement can be challenging. 

There is limited data in the literature evaluating which cement application technique is better to 

prevent cement excess.  

Purpose: The purpose of  this in vitro study is to evaluate the amount of  cement excess and 

the position of  the excess using different techniques for cement application on cement retained 

implant restorations. The null hypothesis is that cement application techniques create the same 

amount of  excess cement. 

Materials and methods:  A total of  fifty identical titanium custom abutments and zirconia 

crowns will be fabricated from a digital design. Fifty analogs (Nobel Biocare) will be mounted 

in a custom made mount to support the analogs, the milled titanium custom abutments will be 

torqued to the analogs at 35 N/cm, the access hole will be filled with polytetrafluoroethylene 

film tape and packable composite. Crowns will be cemented with a temporary cement using a 

control group to determine the amount of  cement to be used in all other groups.  Four 

different cement application methods will be evaluated: wall layer technique, pre-cementation 

technique, rim application technique and increased cement spacer. Digital photographs of  each 

surface of. the cemented crowns will be evaluated using a digital software to measure the 

distance that the temporary cement traveled beyond the finish line. All excess of  cement will be 

removed and weighed using a digital scale in grams. ANOVA test will be used to evaluate the 

difference among groups 

Restorative modalities for implant crowns can be broadly classified as screw or cement retained. 

Both modalities present advantages and disadvantages according to the literature. Cement-

retained implant restorations are easier to fabricate compared to screw retained restorations1, 

however the most common complication of  cement retained implant restorations is the higher 

incidence of  peri-implantitis due to difficulty  to remove excess cement, especially with 

subgingival margins2. Removal of  excess cement can be challenging especially if  the sulcus 

depth is greater than 3mm3.  The peri-implantitis, usually disappears as soon as the excess 

cement is completely removed4.  

Determining the right amount of  cement can be challenging, reduced amount of  cement can 

compromise the retention, but excess cement could be detrimental to the soft tissues.5  To date, 

there is no agreement on which cement application technique is better to cement a restoration 

to avoid excess cement5.  

 When comparing the values of  the cement measured in mm. between the groups, 

comparing pairs using the student t- test, several groups showed statistical significant difference: 

wall layer technique and rim (p=0.0014), wall layer and pre-cementation (p=0.00002), wall layer 

and increased cement space technique (p=0.00001), and rim technique and increased cement 

space (p=0.0024). However no statistical significant difference was observed between the rim 

technique and pre-cementation (p=0.07) and the pre-cementation and increased space technique 

(p=0.08). 

 Average weight of  all excess cement per group, showed a smaller amount on the wall layer 

technique. (Table 2) Comparing the excess cement measured by weight in mg. showed statistical 

significant difference among all groups (p=0.008).  

 When comparing the measurement in mg. of  cement weight in the groups by pairs using 

the student t test, several groups showed statistical significant difference: wall layer technique 

and rim (p=0.024), wall layer and pre-cementation (p=0.0026), and wall layer and increased 

cement space technique (p=0.0038). However no statistical significant difference was observed 

between the rim technique and increased cement space (p=0.17), the rim technique and pre-

cementation (p=0.39) and the pre-cementation and increased space technique (p=0.47). 
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A custom abutment and a zirconia crown for a mandibular first molar were 

digitally designed using a digital design software (Prosthetic Design Centre, 

Stoneglass Industries). A total of  50 identical custom abutments were milled 

of  titanium and  50 monolithic zirconia crowns were milled using the digital 

design (Stoneglass Industries) (Fig. 1 & 2). Fifty analogs (Nobel Biocare 

Replace select RP) were mounted in a 3D printed custom made mount 

(Stoneglass Industries). 

 Determining the amount of  cement used to cement implant crowns is crucial to 

prevent future complications. However the technique used to apply the right amount of  

cement has equal importance based on the results of  this in-vitro study. Within the 

limitations of  this in-vitro study, based on the results obtained, the technique that cause the 

least amount of  excess cement is the wall layer technique. It may be recommended to add the 

cement for implant cement retained crowns in this fashion to limit the amount of  excess 

cement.  
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Fig. 1 Milled custom 

abutment. 

Fig. 2 Milled zirconia crown. 

Fig. 3 Ensemble of  5Kg. 

weight in surveyor for 

cementation 

Fig.4 Control group 

cementation 

Fig. 5 Rim 

technique 

cementation 

Fig. 6 Abutment 

replica 

Fig. 7 Excess of  

cement 

Fig. 8 Wall layer 

technique 

Fig. 9 Increased 

cement space 

technique 

Average of  the amount of  cement measured in mm. on each surface of  each group 

are shown in Table 1.  When evaluating the amount of  cement in mm. between each 

surface, no statistical difference was observed when comparing the surfaces within 

each group. When comparing the amount of  cement observed on each surface 

among the different groups only the Lingual and Distal surfaces showed statistical 

different results (p=0.000096, p=0035 respectively), with the least amount seen in the 

wall layer technique and the most seen in the increased cement space.  
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