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PURPOSE. Cement-retained implant prostheses can lack proper retrievability during repair, and residual cement 
can cause peri-implantitis. The purpose of this in vitro study was to evaluate the influence of abutment height and 
convergence angle on the retrievability of cement-retained implant prostheses with lingual slots, known as 
retrievable cement-type slots (RCS). MATERIALS AND METHODS. We fabricated six types of titanium abutments 
(10 of each type) with two different heights (4 mm and 6 mm), three different convergence angles (8°, 10°, and 
12°), a sloped shoulder margin (0.6 mm depth), a rectangular shape (6 mm × 6.5 mm) with rounded edges, and a 
rectangular ledge (2 mm × 1 mm) for the RCS. One monolithic zirconia crown was fabricated for each abutment 
using a dental computer-aided design/computer-aided manufacturing system. The abutments and crowns were 
permanently cemented together with dual-curing resin cement, followed by 24 hours in demineralized water at 
room temperature. Using a custom-made device with a slot driver and torque gauge, we recorded the torque (N·cm) 
required to remove the crowns. Statistical analysis was conducted using multiple regression analysis and Mann-
Whitney U tests (α=.05). RESULTS. Removal torques significantly decreased as convergence angles increased. 
Multiple regression analysis showed no significant interaction between the abutment height and the convergence 
angle (Durbin-Watson ratio: 2.186). CONCLUSION. Within the limitations of this in vitro study, we suggest that the 
retrievability of cement-retained implant prostheses with RCS can be maintained by adjusting the abutment height 
and convergence angle, even when they are permanently cemented together. [ J Adv Prosthodont 2018;10:381-7]
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INTRODUCTION

Depending on the retention method, implant-fixed prosthe-
ses can be categorized into either screw-retained or cement-
retained types. Screw-retained prostheses involve connect-
ing the abutment and the final prosthesis to the fixture with 
a screw to obtain retention. The universal clearance-limited 
abutment is the typical example of  a screw-retained pros-
thesis. For cement-retained prostheses, the abutment is con-
nected to the implant fixture with a screw, and the final 
prosthesis is then cemented using dental cement. This is 
similar to existing fixed prostheses used for the restoration 
of  natural teeth.1

Many studies have compared the advantages and disad-
vantages of  screw-retained prostheses and cement-retained 
prostheses in order to select the best retention form for var-
ious circumstances.2-4 The biggest advantage of  the screw-
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retained prosthesis is its convenience; it is easily retrieved 
when it requires repair. However, due to the need of  a hole 
for the screw, its occlusal surface is esthetically unfavorable. 
In addition, when occlusal force is applied, the most desir-
able occlusal point is in the direction of  the implant axis. 
This avoids the effect of  hazardous lateral force on the 
implant fixture that would require restoration using com-
posite resin.

Compared to screw-retained prostheses, cement-retained 
prostheses can be designed to apply occlusal force to the 
implant in a more vertical direction, since they lack the hole 
required for the screw. In addition, they can be fabricated 
with a more esthetic shape on the occlusal surface and at 
the same time offer simpler procedures in clinics and dental 
laboratories. However, if  cement-retained implant prosthe-
ses need to be repaired, poor retrievability is a disadvantage.

To overcome these disadvantages for cement-retained 
implant prostheses, numerous studies have been performed 
and various clinical techniques were introduced. Ekfeldt et 
al.5 recommended avoiding permanent cement during the 
final application of  cement-retained prostheses to ease 
retrieval, and Breeding et al.6 and Valbao et al.7 recommend-
ed using a temporary cement during the application of  the 
crown to the abutment, in the cases with a long abutment 
height and an ideal slope. Other studies have suggested 
application of  a small lingual screw to attach the crown to 
the abutment,8 use of  a template fabricated by vacuum-
formed thermosetting plastic that confirms the location of  
the screw with digital pictures,9,10 and recording the 3- dimen-
sional location of  the screw hole using a customized device11 
in order to ease retrieval of  cement-retained implant pros-

theses. Prestipino et al.12 and Schweitzer13 suggested forming 
a small slot on the interface between the abutment and the 
crown when the crown needs to be repaired. This method 
offers the advantage of  easy crown removal with commonly 
used slot drivers, even if  the cement- retained crowns are 
bonded using permanent cement. However, although many 
customized abutments are used in clinics, there are limited 
studies on manufacturing abutments with proper retrievabil-
ity. In addition, studies on the design and manufacture of  
customized abutments in clinical settings are insufficient. 
Therefore, the purpose of  this study was to evaluate the 
influence of  abutment height and convergence angle on the 
retrievability of  prostheses when fabricating customized 
abutments for cement-retained implant prostheses with lin-
gual slots, known as retrievable cement-type slots (RCS). 
The null hypothesis was that there was no difference in the 
removal torques between different abutment heights and 
convergence angles of  cement-retained implant prostheses 
with RCS.

MATERIALS AND METHODS

Fig. 1 shows the assembly drawing of  the specimen used in 
this experiment, and Fig. 2 shows both the 3-dimensional 
design and the fabricated abutment (height: 6 mm; conver-
gence angle: 8°). The fabricated abutment has a height of  
6.5 mm, a sloped shoulder margin (width: 0.6 mm), a ledge 
shape for the RCS on one side (width: 2 mm; thickness: 1 
mm), and a rectangular shape with a rounded edge. We fab-
ricated six types of  titanium abutments (10 of  each), with 
two different heights (4 mm and 6 mm) and three different 

Fig. 1.  Specimen diagram used in this experiment. (A) Lingual view; (B) Distal view; (C) Occlusal view; Ø: diameter; R: 
arc diameter; a: abutment height (4 mm and 6 mm); b: convergence angle (8°, 10°, and 12°).
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convergence angles (8°, 10°, and 12°), for a total of  60 abut-
ments. The zirconia crowns were fabricated using a comput-
er-aided design/computer-aided manufacturing (CAD/
CAM) system from Ceramill (Amann Girrbach, Koblach, 
Austria), and the Ceramill Map400 was used for scanning. 
To prevent scan error caused by reflection of  the metal, 
scan spray (Telescan, DIAMON, Riedenburg, Germany) 
was applied to the fabricated specimen. In the CAD pro-
gram, the crowns were created in the shape of  a maxillary 
first molar using a scanned image. Space for the cementing 
was set to 35 μm, which is similar to the value used in clini-
cal settings. In addition, the distance on the marginal area 
without the cementation gap was set to 1 mm in the CAD 
program, in order to allow minimal retention from the mar-
gin during fitting. The thickness of  the zirconia prostheses 
was set to greater than 1 mm in all areas, except the margin-
al area, in order to prevent fracture caused by focused stress 
of  the removal torque on a thin area. The design of  the 
completed prostheses was transferred to the Ceramill Motion 
2, and fabricated into the crown prostheses using the 
Ceramill Zolid zirconia block through both a milling opera-
tion and a general sintering process.14

The RCS were created on the zirconia crown prostheses 
in order to provide an approach for a slot driver. On each 
crown, the contact area on the ledge part of  the abutment 
was reduced, using a laboratory handpiece, to 2 mm in 
length and 1 mm in width. All work on the specimens was 
performed by a single, well-trained dental technician. Fig. 3 
shows an abutment and crown before and after the creation 
of  the RCS.

For the permanent cementation of  each abutment and 
zirconia crown, RelyX U200 (3M ESPE, St. Paul, MN, 
USA) double-curing resin cement was used. Following the 
manufacturer’s instructions, mixed cement was applied on 
the inside of  the prosthesis and cemented to the abutment. 
After cementation, excess cement around the margin and 
slot area was removed. A force of  50 N was then applied 
for 10 min, and the cement hardened without light-curing. 
After completion of  cement hardening, the specimens were 
stored in distilled water at room temperature for 24 hours.

We used a custom-made device (Fig. 4) to record the 
removal torque. A basic torque gauge, MGT12 (Mark-10 
Corp., Copiague, NY, USA), with a slot driver and a jig for 
specimen fixation was installed. During recording, the abut-
ment was completely fixed; only the crown could be 
removed vertically, and the torque gauge could only be 
rotated at one place. Each specimen was fixed in the cus-
tom-made device. The slot driver was completely inserted 
into the RCS and then rotated to separate the abutment 
from the crown. The maximum torque value required to 
remove the crown from the abutment was measured using 
the torque gauge and recorded.

A two-way analysis of  variance (ANOVA) was used to 
analyze the difference depending on the height of  abutment 
and the degree of  the convergence angle. The Mann–Whitney 
U test was used for the post-hoc analysis. Multiple regression 
analysis was performed on the assumption that no correlation 
between height of  the abutment and the convergence angle 
was present. The SPSS 20.0 for Windows (SPSS Inc., Chicago, 
IL, USA) was used for all statistical work (α = .05).

Fig. 2.  Three-dimensional design of abutment (A) and 
fabricated titanium abutment (B).

A B

Fig. 3.  Specimens before (A) and after (B) the fabrication 
of the retrievable cement-type slot (RCS).

A B

Fig. 4.  The custom-made device used for measuring 
removal torque in this experiment.

Influence of abutment height and convergence angle on the retrievability of cement-retained implant prostheses with a lingual slot
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RESULTS

Table 1 shows the analysis of  the removal torque values 
required. The results of  the two-way ANOVA test indicated 
significant differences in removal torque depending on the 
height and the convergence angle (P < .05). However, a cor-
relation effect was not found dependent on the height and 
the convergence angle. As the convergence angle increased 
from 8°, 10°, to 12°, removal torque value at 4 mm of  
height gradually decreased from 43.2 ± 1.2 N∙cm, 38.1 ± 
1.5 N∙cm, to 32.7 ± 1.3 N∙cm, respectively (P = .002). This 
decrease in removal torque was also present at the height of  
6 mm (47.9 ± 2.6 N∙cm, 42.1 ± 0.9 N∙cm, and 38.9 ± 1.4 
N∙cm, respectively [P = .002]). As the height increased from 
4 mm to 6 mm at a constant convergence angle, the removal 
torque increased with a statistically significant difference (P 
< .05). Fig. 5 depicts a graph demonstrating the results of  
the correlation analysis among variables using multiple 
regression analysis. There was a negative correlation between 
the convergence angle and the removal torque (unstandard-
ized coefficient: B = -2.438) and a positive correlation 

between the height and the removal torque (standardized 
coefficient: β = 2.477). The Durbin-Watson value for the 
test of  independence between the height and the conver-
gence angle was 2.186 (R2 = 0.900). This result demon-
strates the independence between the variables of  height 
and convergence angle.

DISCUSSION

This study was designed to evaluate the influence of  abut-
ment height and convergence angle on the ability to retrieve 
prostheses when fabricating customized abutments in RCS. 
We found that when the convergence angle increased while 
the height remained constant, there was a significant decrease 
in removal torque values. When the convergence angle 
remained constant, there was a significant increase in remov-
al torque values when the height of  abutment increased. 
These results coincide with those of  previous studies15,16 
that analyzed the differences in prosthesis retention depend-
ing on the height of  the abutment and the changes in sur-
face area. When fabricating customized abutments in clini-

Table 1.  Removal torque values (N·cm) according to abutment height and convergence angle 

Abutment height (mm)
Convergence angle (°)

P value
8 10 12

4 43.2 ± 1.2a,* 38.1 ± 1.5b,* 32.7 ± 1.3c,* .002

6 47.9 ± 2.6A,† 42.1 ± 0.9B,† 38.9 ± 1.4C,† .002

P .016 .008 .008

Different superscripted characters within each row (a, b, c) and (A, B, C) and each column (*, †) indicate significant differences by Mann-Whitney U-test (α 
= .05).

Fig. 5.  Graphs illustrating the variables obtained through multiple regression analysis. (A) Graph A demonstrates a 
negative correlation between convergence angle and removal torque (R2 = 0.9719), and (B) Graph B demonstrates a 
positive correlation between abutment height and removal torque (R2 = 0.9997).
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cal settings, controlling convergence angles is recommended 
to support prosthesis retention, as the height of  the abut-
ment is limited by the intermaxillary space. Generally, a 35 
N∙cm implant driver is used for removing screws between 
the implant fixture and the crown. Considering the decrease 
in retention due to occlusal forces, customized abutments 
should be fabricated by setting the proper height and con-
vergence angle to facilitate removal using a 35 N∙cm implant 
torque driver and slot driver (even if  the abutment is per-
manently cemented). The convergence angle required for a 
retentive force (range: 35 - 40 N∙cm) at a constant height 
was calculated based on the linear analysis and the interval 
forecast from our experimental results. In order to have a 
retentive force that ranged between 35 and 40 N∙cm after 
resin cementation, the convergence angle should be set 
between 11.3° and 13.6° for the height of  6 mm and 
between 9.2° and 11.1° for the height of  4 mm (Fig. 5A).

These results show that a higher convergence angle is 
needed for retrieval of  cement-retained implant prostheses, 
compared to the 6° standard value for the tooth preparation 
during full veneer crown fabrication on natural molars 
shown in previous studies.16-19 Additionally, it is essential to 
achieve retrievability while using resin cement in the cement-
retained implant prostheses. These results provide a method 
for determining convergence angles, particularly when the 
height of  the abutment is insufficient due to an intermaxil-
lary space deficiency. When the height is 2 to 4 mm, the 
convergence angle should not be greater than 10° in order 
to prevent early failure due to decreased retention after 
prosthesis cementation (Fig. 5B). These findings support 
the results of  a previous study15 that used resin cement to 
bond to abutments with heights of  less than 2 mm.

This study is focused on the abutment height and con-
vergence angle. It is very interesting to know the relation-
ship between retentive force and surface area of  abutment. 
Although the actual surface area of  abutment is not mea-
sured in this study, it can be assumed that the surface area 
of  abutment increases as the abutment height increases. 
The results of  this study show that the retentive force 
increases as the abutment height increases, and it is predict-
able that the surface area of  abutment may also be affected. 
Previous studies20,21 have suggested that abutment height 
has a significant effect on the resistance to removal. However, 
according to a follow-up study by Covey et al.,22 abutment 
height may be positively related to retention strength, but 
abutment’s total surface area is not. Based on these studies, 
further research is needed to understand the relationship 
between actual surface area of  abutment and retentive force.

Several studies have evaluated the retention force of  the 
copings according to the conditions of  the implant abut-
ment. However, studies on the removal force of  cement-
retained implant prostheses with RCS are lacking. In a study 
by Abbo,20 the height of  the implant abutment was estimat-
ed a relatively low removal force was observed at a 5.5 mm 
abutment (124.89 N) than the 6.5 mm titanium abutment 
(198.09 N). In a study by Safari,21 the height of  the implant 
abutment was set at 4.5 mm and 5.5 mm, and the removal 

force decreased from 5.5 mm (460.44 N) to 4.5 mm (364.19 
N). Similar to the results of  various studies, this study also 
proved that the greater the abutment height, the greater the 
removal force. Our results also confirmed the reduction of  
the removal force with increasing convergence angle. Our 
results confirmed the general trends found in other litera-
ture.23 There are different methods for evaluating retention 
of  general prostheses and for evaluating the removal stresses 
of  cement-retained implant prostheses with RCS. The evalu-
ation of  retention of  general prostheses is a method of  mea-
suring the pull force using a universal testing machine.20-23 
However, in this study, cement-retained implant prostheses 
with RCS measured force removed through lingual slots. 
These differences should be considered.

We examined several studies to determine which cement 
to use for our cement-retained implant prostheses. Previous 
studies16,24 indicated that application of  permanent cement 
without considering the retrievability is not recommended. 
Mehl et al.16 suggested using either zinc phosphate cement 
or glass ionomer cement as semi-permanent cementation to 
increase retrievability for cement-retained implant prosthe-
ses. However, resin cement is recommended only with abut-
ments of  less than 2 mm due to an intermaxillary space 
deficiency or when failure is expected due to the lack of  
prosthesis retention.24 In addition, many studies6,7,25 recom-
mend the use of  temporary cement to prevent damage to 
the abutment and the crown when the prosthesis requires 
repair. The results of  these studies have led to the introduc-
tion of  various implant cements to the market in order to 
provide both retention and retrievability.

Previous studies16,24 have shown that cement-retained 
implant prostheses with RCS are not recommended for use 
with permanent cements to improve retrievability. However, 
the resin cement of  implant prostheses has been used 
because of  the long-term durability.26 For this reason, we 
experimented without light-curing. In this study, the reason 
for resin cement hardening without light-curing was that the 
polymerization reaction was initiated without light exposure 
in a dual-cured cement and there was time for self-curing 
for 10 minutes while maintaining 50 N. Some studies27-29 
have shown that the thickness of  the zirconia crown does 
not allow light irradiation to pass, but it has a higher bond 
strength in the light-cured group than the self-cured group. 
However, there was no significant difference in bond 
strength between the self-cured group and the light-cured 
group after pretreatment of  the dentin surface.29 Further 
studies measure the removal torque by considering the dif-
ference by light-curing, and a study is needed to determine 
if  there is a difference by light-curing.

Compared to permanent cement, temporary cement can 
easily cause leakage on the marginal area due to its low 
strength properties. Peri-implantitis can also occur due to 
plaque deposits on the marginal gap.30,31 Furthermore, Lim 
et al.26 reported high fracture rates when resin cement was 
used on zirconia prostheses. Based on this report, applica-
tion of  resin cement is recommended for zirconia crown 
restoration, instead of  using temporary cement or implant 

Influence of abutment height and convergence angle on the retrievability of cement-retained implant prostheses with a lingual slot
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cement. In this study, we used RelyX U200 double-curing 
permanent resin cement for the cementation of  the zirconia 
crowns and the abutments on the implant prostheses. We 
obtained retrievability by adjusting the height and conver-
gence angle and providing RCS forms during the fabrication 
of  the customized abutments. One of  the limitations of  
this study is that we did not consider the variable that the 
prosthesis-repairing process takes place after a certain time 
period of  using the prosthesis.32 Therefore, to replicate clin-
ical conditions, further in vitro studies that examine either 
applied cyclic loading to reproduce occlusal force or ther-
mocycling to reproduce temperature changes would be 
required.

CONCLUSION

Despite the experimental limitations of  this study, our results 
showed the following. First, the retrievability of  the final 
prostheses can be obtained by controlling the convergence 
angle of  the abutment according to height and by providing 
RCS forms during the fabrication of  customized abutments. 
Secondly, effective clinical treatment methods during the 
fabrication of  cement-retained implant fixed prostheses 
should use customized abutments with properly controlled 
lingual slots, heights, and convergence angles for retrievabil-
ity and retention, and permanent cement should be used for 
the final cementation of  the crowns.
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