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Effect of hemispherical dimples at titanium 
implant abutments for the retention of 
cemented crowns
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1Department of Prosthodontics, 2Department of Dental Biomaterials Science and Dental Research Institute, School of Dentistry, 
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PURPOSE. The aim of this study was to assess the effect of hemispherical dimple 
structures on the retention of cobalt–chromium (Co–Cr) crowns cemented to 
titanium abutments, with different heights and numbers of dimples on the axial 
walls. MATERIALS AND METHODS. 3.0-mm and 6.0-mm abutments (N = 180) and 
Co-Cr crowns were prepared. The experimental groups were divided into two and 
four dimple groups. The crowns were cemented by TempBond and PANAVIA F 2.0 
cements. The retention forces were measured after thermal treatments. A two-
way Analysis of Variance (ANOVA) and post-hoc Tukey HSD test were conducted 
to analyze change in retention forces by use of dimples between groups, as well 
as t  test for the effect of abutment height change (α = .05). RESULTS. Results of 
the two-way ANOVA showed a statistically significant difference in retention force 
due to the use of dimples, regardless of the types of cements used (P < .001). 
A significantly higher mean retention forces were observed in the groups with 
dimples than in the control group, using the post hoc Tukey HSD test (P < .001). 
Results of t  test displayed a statistically significant increase in the retention force 
with 6.0-mm abutments compared with 3.0-mm abutments (P < .001). The groups 
without dimples revealed adhesive failure of cements, while the groups with 
dimples showed mixed failure of cements. CONCLUSION. Use of hemispherical 
dimples was effective for increasing retention forces of cemented crowns. [J Adv 
Prosthodont 2023;15:63-71]
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INTRODUCTION

Dental implants are widely used clinical options for restoring regions of miss-
ing dentition.1-3 For functional and esthetic prosthetic restoration, the place-
ment of implant fixtures in the optimal position is necessary.4-6 There are two 
connection types in dental implant prostheses. The screw-retained type di-
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rectly connects the upper prosthesis to the implant 
fixture by abutment screws, whereas the cement-re-
tained type connects the abutment with screws and 
cements the superstructure.7

With its superior retrievability due to abutment 
screw access holes, screw-retained implant prosthe-
sis is more preferred when the interocclusal distance 
is limited, i.e. as little as 4.0 mm in height.8,9 Anoth-
er benefit of a screw-retained implant prosthesis is 
that there are no residual cements around the im-
plant-supported crowns and abutments. If the margin 
of the cement-retained prosthesis of dental implants 
is deeper than 2.0 mm in depth subgingivally, it is ex-
tremely difficult to completely remove the excess ce-
ment around the abutment.10 This poses a major risk 
for maintaining healthy peri-implant tissue, which 
may develop into peri-implantitis if left unremoved 
for years.11

On the other hand, cement-retained implant pros-
theses have several advantages compared with 
screw-retained types. The cement-retained crowns 
are retrievable with provisional cementation and 
the excess cement is removed easily.12,13 Compared 
to screw-retained types, the cement-retained types 
require less complex laboratory and clinical proce-
dures.14 In terms of esthetic aspects, cement-retained 
prostheses are more favorable for duplicating the an-
atomical tooth structure, due to the absence of screw 
access hole.15 However, when the abutment height is 
limited due to clinical situations, shorter titanium im-
plant abutments pose greater risk for unintended de-
cementation since they resulted in significantly lower 
retention forces according to recent studies.16,17

With regard to cement-retained implant-support-
ed crowns, previous studies have assessed improve-
ments in the retention of the superstructure crowns 
to the abutments by different methods. Farzin et al .18 
reported that for cast crowns, the force of retention 
was significantly improved by various types of tempo-
rary cements used. Lopes et al .19 subsequently found 
that self-adhesive resin cement provided enhanced 
pull-out retentive force compared with provisional ce-
ment, such as RelyX Temp NE. In addition to the role 
of luting agents, Ganbarzadeh et al .20 insisted that the 
surface modification of the implant abutment may 
affect the retention between the abutment and the 

metal alloy crown. Their experiment provided sup-
port for a weaker retentive force by sandblasted tita-
nium abutment surface than a roughened surface by 
a cylindrical diamond bur. In contrast, the sandblast-
ed implant abutments showed higher retention force 
than smooth-surface milled implant abutments did.21 

The use of retention grooves was another method 
that had been suggested to improve the dislodging 
force of the cemented crowns. Badawi et al .22 showed 
that forming circumferential grooves on the implant 
abutments improved force of retention when cement-
ed by provisional cement. Furthermore, Lewinstein et 
al . stated that addition of circumferential grooves on 
the abutment effectively enhanced retention force of 
cemented crowns either with zinc phosphate or zinc 
oxide provisional cements.23

Similar studies have been conducted in a tooth 
abutment to crown environment. Chan et al .24 report-
ed that forming auxiliary grooves inside of the crown 
and the dentin abutment enhanced the retentive 
force compared to the control group with no auxiliary 
groove. Likewise, O’Kray et al .25 proposed that the use 
of a single circumferential groove inside the crown 
significantly increased the retentive force when ce-
menting cast metal crowns to the cobalt-chromium 
(Co-Cr) alloy die. In fact, forming a single groove the 
internal surface of the crown resulted in significantly 
greater retention than placing grooves both on the in-
side of the crown and the die or on the die alone.

Although much research has been completed on 
abutment structures in terms of reinforcement of the 
retentive strength when cemented, only a few stud-
ies have investigated the creation of a specific shape 
of retentive modification on the axial wall of dental 
implant abutments. The purpose of this study is to in-
vestigate the effect of change in force of retention of 
the cemented crowns by forming hemisphere dimples 
on the axial walls of implant abutments using various 
heights and cement types. The null hypothesis is that 
there will be no difference in the mean retentive force 
with the use of dimples on the titanium abutment 
wall in cement-retained implant-supported crowns.

MATERIALS AND METHODS

Cylindrical-shaped internal-type abutments with a 
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height of 3.0 or 6.0 mm were designed by an industri-
al design software (AutoCad, version 24.1; Autodesk 
Inc., San Francisco, CA, USA) with hemispherical dim-
ples (Fig. 1). The indented dimples were 1.5 mm in 
diameter and 0.75 mm in depth, positioned 1.0 mm 
above the gingival margin line of the abutment. The 
total convergence angle of the tapered axial wall was 
6.0 degrees for all abutments with 3.0-mm cuff height. 
The diameter of the abutment was 5.5 mm with 2.5-
mm wide screw access channel. Each abutment was 
fabricated using Cincom L32 milling machine (Citizen 
Machinery Co., Nagano-ken, Japan) from grade 5 ti-
tanium. No additional surface treatment was applied 
after the milling process was complete.

Twelve groups (n = 15) were prepared for this exper-
iment, with a total of 180 titanium abutments. Of 180 
titanium abutments, six groups were 3.0 mm in height 
and the other six groups were 6.0 mm in height. To 
compare the retention forces between different types 
of cements within groups, two types were selected: 
(1) provisional zinc oxide-eugenol cement TempBond 
(Kerr, Salerno, Italy) and (2) self-etching; dual cure 
resin cement PANAVIA F 2.0 (Kuraray, Fujimoto, Ja-

pan). In this study, 3.0 mm height abutment was re-
ferred to as “H3” and 6.0 mm as “H6.” The type of ce-
ment used was labeled as either “T” for TempBond or 
“P” for PANAVIA F 2.0. The number of dimples placed 
were written in Arabic numerals following the type of 
cement used. The arrangement of the twelve groups 
in this experiment was as follows: H3-T0, H3-T2, H3-
T4, H3-P0, H3-P2, H3-P4, H6-T0, H6-T2, H6-T4, H6-P0, 
H6-P2 and H6-P4. 

For the groups with two dimples on the titanium 
abutments, the dimples were positioned at exactly 
180 degrees opposite to each other on the axial wall. 
The same hemispherical dimple size was designed 
and applied to the four-dimple groups. The dim-
ples were positioned exactly 90 degrees away from 
each other on the axial wall for four-dimple groups. 
The abutment was scanned by a digital E4 scanner 
(3Shape, Copenhagen, Denmark) to fabricate upper 
crown. 

The scanned STL file was imported into the Exo-
cad (GmbH, Darmstadt, Germany) software system 
to design the upper crown. The internal cementa-
tion gap was set for 50 μm. The crown was designed 

Fig. 1. Dimension of 3.0-mm and 6.0-mm titanium abutments. From left to right: abutment with 
no dimple, two dimples, and four dimples. 
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with a penetrated hole structure (inner diameter: 5.0 
mm) directly above the occlusal table to be pulled 
away from the cemented abutment (Fig. 2). The co-
balt-chromium (Co-Cr) crowns were laser sintered 
by additive manufacturing system EOSINT M270 ma-
chine (EOS GmbH Electro Optical Systems, Krailling, 
Germany). The Co-Cr crowns were then conventional-
ly polished and the intaglio surface of the crown was 
sandblasted with 50 μm Al2O3 under 4.0 bar. The fin-
ished Co-Cr alloy crowns are shown in Figure 2.

Commercially available laboratory analogs (Im-
plant; IT system, Warentec, Seoul, Korea) and titani-
um abutment screws from the same manufacturer 
were used in this experiment. Each laboratory analog 
was embedded and fixed into an acrylic resin block. 
The abutment screws were tightened to the laborato-
ry analogs for 30 N·cm, according to the manufactur-
er’s directions. 

The laser sintered Co-Cr alloy crowns were cement-
ed by either TempBond or PANAVIA F 2.0 onto the tita-
nium abutments. Each type of cement was mixed fol-
lowing the manufacturer’s instructions. The crowns 
were then pressed by a load of 5 kg for 10 minute by 
compression test mode of the universal testing ma-
chine (TW-D102; Tae-Won Tech Co., Seoul, Korea). 
The excess cements were then carefully removed by a 
dental explorer.

The cemented specimens were placed under a ther-
mocycling environment, where they were submerged 
into cycles of a cold (5°C) and hot bath (55°C) for 30 

seconds each with 5 seconds of dwell time. The tested 
specimens underwent a total of 10,000 cycles of ther-
mocycling before the retentive force was measured. 
The pulling hook of the universal testing machine was 
connected to the cemented crowns (Fig. 3). A uniaxial 
pull-out load of 5.0 mm/min was applied. The reten-
tive forces needed to dislodge the crowns from the 
abutments were recorded in Newtons. 

The collected data were transferred to the SPSS soft-
ware version 25.0 (IBM SPSS Inc., Chicago, IL, USA). 
Once the normality was tested, a parametric two-
way Analysis of Variance was conducted to compare 
the mean retention force according to the change in 
heights and number of dimples of the titanium abut-
ments as well as their possible interaction effect. The 
post-hoc Tukey HSD test was also performed to de-
termine the statistical significance within groups for 
multiple comparisons (α = .05). The effect of abut-
ment height change was analyzed by t  test and the 
significance level was set for .05 in all the tests con-
ducted.

RESULTS

The recorded mean retentive forces and standard de-
viation values for 12 groups are reported in Table 1. 
The normality test proved that data from all groups 
followed a normal distribution of retentive forces 
measured. The results of the parametric two-way 
ANOVA are presented in Figure 4. Any values lower 

Fig. 2. Laser sintered Co-Cr alloy crowns for 3.0-mm and 
6.0-mm abutments. 

Fig. 3. Universal testing machine (TW-D102; Tae-Won 
Tech Co., Seoul, Korea) connected to the crown prepared 
for pull-out test.
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Table 1. Mean force of retention with standard deviation for all groups (Newton)

3.0-mm Ti-abutment 6.0-mm Ti-abutment
Type of Cement

Number of Dimples
TempBond PANAVIA F 2.0 TempBond PANAVIA F 2.0

0 H3-T0: 
81.49 ± 10.12

H3-P0:
279.43 ± 56.00

H6-T0:
133.51 ± 33.73

H6-P0:
432.15 ± 91.39

2 H3-T2:
91.14 ± 14.09

H3-P2:
351.17 ± 85.88

H6-T2:
204.01 ± 44.56

H6-P2:
574.65 ± 71.52

4 H3-T4:
96.05 ± 13.56

H3-P4:
402.49 ± 70.31

H6-T4:
221.01 ± 44.04

H6-P4:
649.62 ± 100.76

Fig. 4. Summary of two-way ANOVA and post-hoc Tukey HSD for all groups (*P < .05). (A) TempBond cementation with 3.0 
mm abutments. (B) TempBond cementation with 6.0 mm abutments. (C) PANAVIA F 2.0 cementation with 3.0 mm abut-
ments. (D) PANAVIA F 2.0 cementation with 6.0 mm abutments. 
* The mean difference is significant at the .05 level. 
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than the proposed significance level (P =.05) were con-
sidered statistically significant. Bar graph for the col-
lected data with significance is presented in Figure 4.

As the effect of dimples was proved to enhance the 
retentive forces, post-hoc Tukey HSD test was con-
ducted to investigate the changes within groups. 
Within the TempBond groups, the H3-T0 group 
showed no statistically significant difference from the 
H3-T2 group (P > .05), but the H3-T4 group had a sig-
nificantly higher retention than the H3-T0 group (P < 
.05) and no statistical difference was found between 
the H3-T2 and H3-T4 groups (P > .05). For the 6.0-mm 
abutments with TempBond cement, both H6-T2 and 
H6-T4 groups had a statistically significant improve-
ment in retention compared with the H6-T0 group (P 
< .001). However, no significant difference was seen 
between the H6-T4 and H6-T2 groups (P > .05; Fig. 4). 

Among the 3.0-mm abutment groups with PANAVIA 
F 2.0 cementation, the H3-P2 and H3-P4 groups had a 
statistically enhanced retentive force compared with 
the H3-P0 group (P < .05; Fig. 4), although they were 

not statistically different from each other (P  > .05). 
When the 6.0-mm abutments were tested, the H6-P2 
and H6-P4 groups showed a statistically higher mean 
retentive force than the H6-P0 group (P  < .001). On 
the other hand, the H6-P2 and H6-P4 groups were not 
significantly different from each other (P > .05). 

The effect of abutment height difference was evalu-
ated by the t  test. The results of the t  test showed sig-
nificantly higher retention forces with 6.0-mm abut-
ments for the TempBond groups compared to 3.0-mm 
abutments, regardless of the number of dimples used 
(P < .001; Table 2). Similarly, all groups cemented by 
PANAVIA F 2.0 showed statistically significant changes 
in the retention force as the abutment height extend-
ed from 3.0 to 6.0 mm when the same number of dim-
ples used (P < .001; Table 2).

After the pull-out test, remnants of the TempBond 
cements and PANAVIA F 2.0 cements were mostly 
left attached to the intaglio surface of the Co-Cr al-
loy crowns, indicating 100% adhesive failure for the 
control groups (Fig. 5A and 6A). In all abutments with 

Table 2. Summary of t  test with abutment height change for TempBond and PANAVIA F 2.0 groups

Cement Height
Dimple 3.0 mm 6.0 mm t P-value

TempBond
0 81.49 (10.12) 133.51 (33.73) -5.772 < .001
2 91.14 (14.09) 204.01 (44.56) -10.182 < .001
4 96.05 (13.56) 221.01 (44.04) -10.502 < .001

PANAVIA F 2.0
0 279.43 (56.00) 432.15 (91.39) -5.519 < .001
2 351.17 (85.88) 574.65 (71.52) -7.744 < .001
4 402.49 (70.31) 649.62 (100.76) -7.790 < .001

Fig. 5. Cement failure modes for TempBond groups. (A) Intaglio surface of the dislodged Co-Cr crowns. 
(B) 3.0-mm and 6.0-mm abutments after dislodgement. From left to right: abutment with no dimple, two 
dimples, and four dimples. 

A B
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dimples, mixed failure modes of both adhesive and 
cohesive failure were visible. Partial thickness of the 
cement was left inside the Co-Cr alloy crowns, and 
the rest was filled inside the dimples, denoting a 
mixed failure (Fig. 5B and 6B). Groups with dimples 
showed over 90 % mixed failure of cements.

DISCUSSION

With the satisfaction of normality distribution, two-
way ANOVA proved that the abutment height and 
number of dimples resulted in a statistically signif-
icant difference in the mean retentive force for ce-
mented Co-Cr alloy crowns (Fig. 4). This was observed 
for the specimens cemented by both TempBond 
groups and PANAVIA F 2.0 groups. Therefore, the null 
hypothesis of this research that the use of dimple 
shapes on the titanium abutment would not affect 
the mean retentive force was rejected.

The crown fabrication method chosen for this study 
was Co-Cr laser sintering. Since creating the penetrat-
ed hole structure with the crown would be a compli-
cated process by milling procedure, laser sintering 
method was chosen for the crown production meth-
od. In addition, previous research also found that 
milling procedure resulted in significantly lower yield 
strength and flexural strength than Selective Laser 
Melting (SLM) procedure.26 Due to the strong bonding 
characteristic of PANAVIA F 2.0 cement, laser sintering 
procedure was suitable for its strength and rigidity of 
the connection to avoid any unnecessary fractures 
between the penetrated hole structures and crowns.

Previous research had also shown that with longer 
abutments, there was a likelihood of greater force 
of retention when the other conditions were the 
same.27,28 This was also supported by this study that 
when the abutment height changed from 3.0 mm to 
6.0 mm, the increase in the mean retention force was 
significantly greater for 6.0-mm abutments than 3.0-
mm abutments. 

The second factor of the implant abutment was the 
surface treatment effect. Ajay et al .29 reported that 
modifying the surface condition of the implant abut-
ment, such as by sandblasting and bur modification, 
improved the cement-retained copings. Likewise, 
Kim et al .30 showed that applying airborne-particle 
abrasion on the surface of the implant abutment was 
an effective way of improving retention of cemented 
crowns. As this research tested only machined-sur-
face titanium abutments, additional surface treat-
ments may have affected the study results.

Another aspect that must be considered is simulat-
ing a natural intraoral environment for this in vitro 
study. In a natural environment, implant-support-
ed crowns experience as much force as natural den-
tition during the mastication process. Studies have 
shown that compressive cycling loading significant-
ly reduces the dislodging force after cementation is 
complete.31,32 However, this study proceeded only 
for thermal cycling between cold and hot baths after 
cementation, and the role of cycling loading to the 
cemented crowns could not be evaluated. Further-
more, if a compressive cyclic loading test was to be 
performed for this research, the rounded or curved 

Fig. 6. Cement failure modes for PANAVIA F 2.0 groups. (A) Intaglio surface of the dislodged Co-Cr crowns. 
(B) 3.0-mm and 6.0-mm abutments after dislodgement. From left to right: abutment with no dimple, two 
dimples, and four dimples.

A B
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upper part of the crown could have been an obstacle 
to receive an evenly distributed compressive force. 
Further research on the effect of changing the mean 
force of dislodgement along with thermocycling sim-
ulation is needed.

Although this research could not cover complex fac-
tors of surface treatment on the abutment wall and 
cyclic loading of compression after the cementation 
process, the purpose of this study was served effi-
ciently with the use of dimple shapes on the mean 
retentive force impact. The increase in mean reten-
tion force by placing hemispherical dimples was sta-
tistically significantly different from a plain abutment 
without dimples for the cemented crowns. Based on 
this study conducted, long implant abutments (6.0 
mm) provide higher retentive forces than short im-
plant abutments (3.0 mm) by both TempBond and 
PANAVIA F 2.0 cementation. When implant abutment 
is 3.0 mm in height, it is necessary to use four dimples 
on the abutment wall, instead of two dimples, to sig-
nificantly improve the retentive forces compared to 
a plain abutment without dimples by TempBond ce-
mentation. With self-etching and dual cure resin ce-
ment such as PANAVIA F 2.0, use of two and four dim-
ples both significantly increase the retentive forces. 

CONCLUSION

Within the limitations of this in vitro study, the follow-
ing conclusions can be stated:

TempBond-cemented crowns to 3.0-mm abutments 
with four dimples showed significantly higher reten-
tive force compared to abutments with no dimple. 
Two dimples on 3.0-mm abutments showed no signif-
icant difference compared to abutments with no dim-
ple by TempBond cementation. 

PANAVIA F 2.0-cemented crowns to 6.0-mm abut-
ments with two and four dimples showed significant-
ly higher retentive force compared to abutments with 
no dimple. Two and four dimples on 6.0-mm abut-
ments showed no significant difference between each 
other by PANAVIA F 2.0 cementation.

Placing hemispherical dimples on titanium implant 
abutments could enhance retention forces of ce-
mented Co-Cr crowns especially when the abutment 
height is as short as 3.0 mm. 
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