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Abstract:

Aim: To compare the removal torque loss (RTL) percentage of screw-retained, cement-retained, and combined
screw- and cement-retained implant-supported crowns after cyclic loading and measure the impact of cyclic
loading on removal torque.

Materials and Methods: Thirty-two dental implants (4.0 x 10 mm) in resin blocks and abutments were divided
into four groups (n = 8) based on restoration design: combined screw- and cement-retained group (SC), two
cement-retained groups: cemented with adhesive resin cement (AR) (Panavia V5) or provisional cement (PR)
(RelyX Temp NE), and screw-retained one-piece titanium group (TI). Removal torques were measured in
Newton-centimeter (Nem) before and after 500,000-cycle cyclic loading with forces ranging from 20 to 200 N at
15 Hz. The RTL percentage in each group was calculated. The paired #-test was used to detect the difference
between pre-loading (RT1) and post-loading removal torque (RT2) in each group and 1-way ANOVA was used
to detect the difference of RTL percentage between groups.

Results: The post-loading removal torques in all groups were significantly lower than their pre-loading removal
torques (p < 0.001). The 1-way ANOVA test found no significant difference in the RTL% between the study
groups. The PR group exhibited the lower RTL% (30.74 £+ 7.3%), followed by the TI (30.78 + 5.6%), AR (32.12
+2.5%), and SC (35.71 £+ 5.1%) groups.

Conclusion: Combined screw- and cement-retained restorations exhibited similar RTL compared with other
restoration designs, and cyclic loading significantly affected the removal torque.

Clinical significance: Combined screw- and cement-retained restorations can be utilized in single-tooth
situations, offering a comparable impact on screw joint stability while providing benefit of retrievability. Cyclic
loading significantly influences joint stability, periodic checkup for screw loosening is recommended.
Keywords: Abutment screw loosening, Cyclic loading, Dental implant, Restoration design, Removal torque.
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Introduction

Dental implants have been excellent treatment
options with a high and predictable success rate in
restoring single-tooth areas.[l] An implant-
supported single crown can be retained using either
a screw or cement. A screw-retained crown,
connected to an abutment with a screw or connected
directly to a dental implant as a one-piece
restoration, is typically used in cases presenting with
a limited occluso-gingival space. This design offers
retrievability and reduces the incidence of peri-
implantitis caused by excess cement. However, a
cement-retained crown, connected to an abutment
using a luting cement, provides better occlusal
integrity and esthetics because there is no screw
access channel on the occlusal surface.[2] A cement
space allows the crown to achieve a passive fit,
resulting in reduced strain at the implant-bone
interface.[3] Cement-retained crowns are also cost-
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effective and easy to fabricate.[4] Another retention
type is a combination of screw-retained and cement-
retained crowns, also known as a combination
implant crown, cement-retained crown with a screw
channel, or screwmentable crown, that offer
passiveness and retrievability. This restoration
design can be cemented extra orally to eliminate the
risk of excess cement remnants.[5]

Cement selection is crucial for successful treatment.
Cement can be categorized as either permanent or
provisional cement (PR). Permanent cements, such
as resin modified glass ionomer or adhesive resin
(AR), have been widely used in implant-supported
crowns.[6] In contrast, using PRs has been
suggested to ensure retrievability without causing
damage to the abutments or implants.[7] However,
these PRs exhibit poor physical properties, such as
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low tensile strength and high solubility.[8] Cement
types can further influence the damping effect of the
implant-supported crown that contributes to the
stability of the abutment screw joint.[9]

Customizing the abutment using computer-aided
design-computer-aided  manufacturing  (CAD-
CAM) technology eliminates the intrinsic
dimensional inaccuracies during the waxing,
investing, and casting processes. A customized
abutment, including a crown, can be made as a one-
piece restoration. Single implant-supported crowns
fabricated with CAD-CAM technology have a better
marginal fit compared with the conventional
fabrication method.[10] Monolithic  zirconia
produced by CAD-CAM technology is a commonly
used material for implant-supported crowns due to
its esthetic appeal and high fracture strength.[11]
Furthermore, crown materials with a higher modulus
of elasticity, such as ceramic or titanium, are less
shock-absorbing compared with resin-based
materials.[9]

A screw joint is a combined assembly between an
abutment and a dental implant connected with an
abutment screw. Screw pre-load or clamping force
is influenced by the screw[12] and abutment
material.[13] This force is proportional to the
applied torque and the tensile strength of the screw.
The joint separating force is the force that tends to
separate the screw joint. Screw loosening occurs
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when the separating forces exceed the clamping
force.[14] Another crucial factor that affects screw
loosening is the settling effect or embedment
relaxation that occurs when the external thread of the
abutment screw encounters the internal thread of the
dental implant by touching only the roughest
spots.[14]

Therefore, the aim of this study was to compare the
RTL percentage of screw-retained, cement-retained,
and combined screw- and cement-retained implant-
supported crowns after cyclic loading, and to
measure the impact of cyclic loading on removal
torque.

Materials and Methods

Statistical software was used to calculate the sample
size (G*Power 3.1, Heinrich-Heine-Universitit
Diisseldorf, Diisseldorf, Germany).

The present in vitro study was conducted on the
Buddha Institute of Dental Sciences & Hospital,
Patna.

There were four study group in this study: combined
screw-and cement-retained group (SC), two cement-
retained groups cemented with an AR or a PR, and
screw-retained one-piece titanium group (TI) (Fig.

).

Figure 1: Representative specimen in each restoration design group: combined screw- and cement-
retained crown (SC), cement-retained crown cemented with adhesive resin cement (AR), cement-retained
crown cemented with provisional cement (PR), and screw-retained one-piece titanium crown (TI) group

Thirty-two 4-mm-diameter and 10-mm-long dental
implants (Superline, Dentium Co., Ltd, Seoul, South
Korea) were embedded individually in 16-mm-
diameter and 25-mm-long cylindrical epoxy resin
blocks using customized aluminum blocks. The
implant shoulder was placed 3 mm above the top
surface of the block to comply with ISO 14801:2016
specifications.
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The prepared blocks were randomly divided into the
aforementioned four groups. A stock abutment with
a diameter of 4.5 mm, height of 5.5 mm, and
gingival height of 2.5 mm was scanned using an
intraoral scanner (CEREC Omnicam, Dentsply
Sirona, NC, USA). Subsequently, a permanent
maxillary first premolar crown was designed using
design software (SW4.6.1, Dentsply Sirona, NC,
USA).
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In the SC, AR, and PR groups, monolithic zirconia
was milled by a milling machine and sintered in a
furnace according to the manufacturer’s
recommendations.

In the SC group, a screw access channel was drilled
in each zirconia crown using round diamond rotary
burs.

In the TI group, premolar crowns were digitally
designed with the same dimensions as the other
groups and milled from titanium blanks using a
milling machine.
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The abutments were attached to the dental implants
with a torque of 30 Newton-centimeter (Ncm) using
the manufacturer’s screwdriver connected to a
digital torque gauge (Tohnichi BTGESOCN-G,
Tohnichi Mfg Co., Ltd, Tokyo, Japan). The
tightening protocol was modified from a previous
study.25 Retightening was done after 10 minutes to
compensate for the settling effect. After 10 minutes,
the pre-loading removal torques (RT1) were
measured with the digital torque gauge. Tightening
and retightening were performed with the same
protocol. The process of this study is illustrated in
Flowchart 1.

Removal torque loss

percentage (RTL%)
Preloading Postloading
o . . . removal torque . . Restoration Cyclic loading removal torque
Initial tightening —»| Retightening (RTY) Retightening —» assembly — tost — (RT2)
measurement measurement

10 mins waiting | 10 mins waiting
period period period

10 mins waiting

Flowchart 1

The inner surface of each crown in the SC, AR, and
PA groups was airborne-particle abraded with 50-
um aluminum oxide at 0.2 MPa of pressure, 10 mm
away from the nozzle for 10 seconds, and steam-
cleaned. The abutment screw channel was filled with
polytetrafluoroethylene (PTFE) tape.

In the SC and AR groups, crowns were cemented
onto the implant abutments with AR using finger
pressure and light-activated by a light-curing unit
with an irradiance of 1000 mW/cm2 for 20 seconds
per surface (SmartLite Focus, Dentsply Sirona, NC,
USA). In the PR group, PR (RelyX Temp NE, 3M
ESPE, MN, USA) was used according to the
manufacturer’s instructions. The excess cement was
completely removed.

Only in the SC and TI groups, the screw channels
were filled with PTFE tape, followed by composite
resin (Filtek Z350 XT, 3M ESPE, MN, USA), and
light-activated for 40 seconds.

Each specimen was securely fixed into a customized
stainless steel holding device attached to a dynamic
testing machine .The holding device was positioned
at 30° to the vertical plane (Fig. 2). The specimens
were subjected to 500,000-cycles cyclic loading,
using a 25-mm-diameter loading head contacting the
crowns at the palatal cusp. The loading force ranged
from 20 to 200 N, applied at a frequency of 15 Hz,
and the testing was conducted at room temperature

LAY R

Figure 2: Implant crown speciméﬁ fixed in a holding device under ‘c.yclic loading.
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After cyclic loading, the crowns in the AR and PR
groups were removed, and the crowns in the SC and
TI groups were drilled to access the screw channel,
and the PTFE tape was removed. The RT2 of each
group was measured with a screwdriver connected
to the digital torque gauge. The RTL% were
calculated as follows: RTL% = [(RT2-RT1)/RT1]
*100.

Statistical Analysis:

The data were collected and statistically analyzed
using IBM SPSS statistics v22.0 software (IBM
Corp, NY, USA) (o = 0.05). The results were
expressed as mean and standard deviation (SD). In
this study, the screw loosening was studied in terms
of removal torque loss (RTL).

The Shapiro—Wilk test and the Levene test were
used to verify the normal distribution and
homogeneity of the variance. The paired ¢-test was
used to compare the RT1 and RT2 within each group
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in Ncm, determining the effect of cyclic loading on
the removal torque change. One-way ANOVA,
followed by the Tukey test, was used to identify the
difference of RTL% between study groups.

Results :

The descriptive and statistical analyses of the
present study are presented in Table 1. Notably,
every specimen survived the 500,000-cycles cyclic
loading without any bending or deformation. The
Shapiro—Wilk test indicated that the data followed a
normal distribution. The paired #-test indicated a
significant difference between RT1 and RT2 in each
group (p <0.001).

Although the 1-way ANOVA result found no
significant difference (»p = 0.28) in the RTL%
between the study groups, the lowest RTL% was in
the PR group (30.74 £+ 7.3%), followed by the TI
(30.78 £ 5.6%), AR (32.12 + 2.5%), and SC (35.71
+ 5.1%) groups.

Table 1: Mean and standard deviation of preloading removal torque (NCM), postloading removal torque
(NCM), and removal torque loss percentage

GROUP RT1 RT2 RTL%

SC 28.074£1.3 18.065+1.8 35.71°5.1
AR 28.36%+1.4 19.238+0.6 32.12°4£2.5
PR 28.684+0.6 19.848+2.0 30.74°+7.3
TI 27.934+0.6 19.318+£1.3 30.78+£5.6

Different superscript uppercase letters indicate
significant differences between before and after
cyclic loading in each group (p < 0.05). Different
superscript lowercase letters indicate significant
differences between groups (p < 0.05)

Discussions

The present study compared the RTL of combined
screw- and cement-retained crowns with that of
other restoration designs featuring the same implant-
abutment connection after cyclic loading. The first
hypothesis was rejected because RT2 was
significantly lower than RT1 in each group. In
contrast, the second hypothesis was accepted
because no significant difference was found in the
RTL% between study groups. These findings
indicated that combined screw- and cement-retained
restorations maintained similar screw joint stability
compared with other restoration designs.

The load cycle was set at 500,000 cycles, which is
equivalent to 6 months of in vivo mastication.[15]
The load was set from 20 to 200 N because the
average occlusal force on the premolar area ranges
from 54 to 234 N.[16] The crowns in this study were
designed wusing the reported mesiodistal and
buccolingual width of the maxillary first premolar
(7.1 and 9.2 mm, respectively).[17]

The RT1 in the present study, ranged from 0.17 to
16.17%, is in line with previous studies that reported
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that the RTL before cyclic loading ranged from 2 to
19%.[18,19] The reduction in removal torque
without an external force applied to the implant-
abutment connection is caused by the settling effect.
Retightening is strongly recommended to maintain
the screw joint preload. The RT2 in the present study
ranged from 30.74 to 35.71%, which is consistent
with previous studies that reported an RTL of 26—
36%.20,21 The RT2 in all groups were significantly
lower compared with their RT1. Similar results have
been reported in previous studies.[20] The cyclic
loading was confirmed to markedly affect the
removal torque values. Evaluating the joint stability
during maintenance appointments is recommended
to prevent further technical complications.

Although the differences in RTL in each study group
were not significant, the RTL% in the TI group was
slightly lower than that in the SC, AR, and PR
groups compared between the crown materials. This
might be because the elastic modulus of the crown
made of commercially pure titanium grade I'V in the
TI group (110 GPa) is lower than that of the zirconia
crowns in the SC, AR, and PR groups (200 GPa),
resulting in more deformation and lower force
transmission through the titanium crown.[9]
Previous studies also reported similar RTL means
between prefabricated- and customized abutments
after cyclic loading.[21] In contrast, a study reported
that the RTL means in the customized group was
significantly greater than that in the prefabricated
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group.[20] Different restoration designs and the
number of cyclic loading cycles may contribute to
this disparate finding.

Comparing the cement types, the RTL% in the AR
group was higher than that in the PR group. The
different elastic modulus of the cement material in
the AR group (6.3 GPa) and in the PR group (0.2
GPa)[22] can influence the damping effect.[9] These
results suggest that when using provisional
cementation, the applied force was transferred to the
cement, which acts as an absorbing layer before
reaching the screw joint. This might be attributed to
better shock-absorbing ability in the PR group.
Using a PR may mitigate the risk of abutment screw
loosening by reducing the loading force transmitted
to the screw joint.

Within the same crown material, the RTL% in the
SC group was comparable to that in the AR and PR
groups, indicating that the presence of a screw
channel does not influence screw joint stability.
Another crucial aspect to consider when selecting a
restoration design is fracture resistance. A previous
study reported no significant difference in fracture
resistance between the group with and without a
screw channel in monolithic zirconia restorations.
These restorations combine the benefits of screw-
retained and cement-retained restorations. They
offer retrievability, allowing for repairs or servicing
without extensive damage to the implant
components. Additionally, they provide ease in
removing excess cement, reducing the risk of peri-
implantitis. They also maintain the advantages of
cement-retained restorations, such as better passive
fit, lower cost, and ease of fabrication.

With the limitation of the testing machine is
available, the specimens were evaluated without
being immersed in fluid, which may not entirely
represent the clinical situation. In the present study,
the specimens were subjected to cyclic loading for
500,000 cycles; however, a significant RTL may be
discovered if the specimens were cyclically loaded
for an extended period. Further research is suggested
to verify the findings and impacts concerning the
screw loosening in clinical setting.

Conclusion

After a 500,000-cycle cyclic loading, the removal
torques in all restoration design groups significantly
decreased. However, the RTL% of combined screw-
and cement-retained restorations was similar
compared with other restoration designs.
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