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Abstract
Background The aim of this study was to determine the effect of chlorhexidine gel on removal torque of
abutment prosthesis screws in vitro.

Methods 60 implants (BEGO Semados ® S/RI 4.1, BEGO Implant Systems GmbH & Co. KG, Bremen,
Germany) were embedded in acrylic resin for study set-up. The abutments (S/RI 4.1 SUB-TEC WI, BEGO
Implant Systems GmbH & Co. KG, Bremen, Germany) were �xed with prothesis screws with 25 Ncm on
the implants and were loaded for 10.000 cycles with 250N in a static material testing machine. The
implemented study consisted of three groups (n=20). Group 1 (control group) were loaded under dry
conditions. Group 2 was �lled with a saliva substitute only (Sialin-Sigma solution, Sigmapharm
Arzneimittel GmbH, Vienna, Austria), group 3 was �lled with a saliva substitute and additional with
chlorhexidine gel (Chlorhexamed 1% GEL, GlaxoSmithKline Consumer Healthcare GmbH & Co. KG,
München, Germany). Statistical analysis was performed using ANOVA (signi�cance level p<0.05).

Results The control group showed the smallest range of removal torque (19.85 Ncm ± 1.42 Ncm) while
group 2 showed 20.32 Ncm ± 2.61 Ncm and in group 3 was 19.74 Ncm ± 2.96 Ncm. No signi�cant
differences between the three groups were evaluated.

Conclusions Within the limits of this in-vitro study, it can be concluded that the application of
chlorhexidine gel did not show any signi�cant effect on the removal torque on abutment screws after
loading.

Background
Due to the increasing desire of patients for �xed dentures, the improvement of the hold of the prosthesis
and the aim of avoiding the preparation of natural teeth and in worst case healthy teeth as a support
element, implant placement is considered as an advantageous alternative to conventional dentures [1].

The prosthetic interface between the implant and the restoration is the abutment, on which the prosthetic
restoration can be screwed on or cemented. The abutments are screwed into the implants and usually
surrounded by the soft tissue [2]. As a result, they are permanently in contact with the bacteria-inhabited
oral cavity.

Zipprich et al. investigated the effect of the bacterial micro leakage in implant systems with planar and
conical implant abutment compounds before and after cyclic loading [3]. It was found that conical
implant abutment compounds had a better seal compared to planar implant abutment compounds,
which showed an increased micro leakage after cyclic loading. Zipprich et al. identi�ed the micro leakage
in the implant abutment compound as a link to micro-movement, technical failure, and crestal bone
resorption [4].
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Currently, only a few methods are known for the prevention of pathological changes around implants
caused by bacteria. Regarding this �nding, reference is made in this study to the antibacterial effect of
chlorhexidine [5–8].

Recent studies showed the positive effect of chlorhexidine on the healing process of implants.
Chlorhexidine is a biguanide derivative and belongs to the surface-active ammonium compounds with
unspeci�c bactericidal effects [9]. An application of chlorhexidine gel between the implant and the
abutment could have an antibacterial effect [10, 11].

The in�uence of lubricants leads to marked differences in the holding compound between screwed
connections in industrial applications. Since the lubrication of a screw reduces the frictional resistance
and thus leads to easier screwing, it is conceivable that the change in the preload results in an increased
strength of the screw connection [9]. Binon and McHugh concluded that there was an increased
resistance to screw loss due to a reduction in rotational clearance [12].

The increasing treatment of single tooth gaps by implant supported restorations also in the posterior
tooth area results in increased mechanical stress on the implant-abutment connection, which often
becomes the mechanical weak point [13]. Steinebrunner et al. described the implant-abutment connection
as important because it is responsible for leakage caused by micro-movements, loosening of the screws
and screw fractures [14].

The aim of this study was to investigate the effect of chlorhexidine gel on the implant-abutment
connection.

Methods

Preliminary tests
For preliminary tests, 26 implants (BEGO Semados® S/RI 4.1, BEGO Implant Systems GmbH & Co. KG,
Bremen, Germany) of different lengths were embedded in cold-curing polymer (Combipress N/LM, Merz
Dental, Lütjenburg, Germany) in the crown nuts (DIN 935 M15). The crown nuts were fastened in the
universal testing machine (Zwick/Roell Z010 TN, Zwick GmbH & Co. KG, Ulm, Germany). The abutment
screws were tightened with 25Ncm. The speed in the setting cycle was limited to 250N and the �rst 13
preliminary tests were limited to 100 cycles. The load of 250N was chosen because this value is within
the physiological range of the load on the molar region [3]. In the preliminary tests, it was found that the
removal torque was reduced by a maximum of 5Ncm, regardless of whether the abutment screw was dry,
wetted with saliva substitute or CHX gel during screwing. Subsequently, the idea emerged of a test carrier
made of steel, which can be �lled with saliva substitute so that the implant abutment compound could be
covered in saliva substitute. This was intended to create similar conditions to oral cavity.

Trial setup
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For the production of the test objects, 60 implants with a diameter of 4.1 mm and an internal implant-
abutment connection (S/RI 4.1, BEGO Implant Systems GmbH & Co. KG, Bremen, Germany) were
embedded in crown nuts (DIN 935 M15) with a cold-curing polymer (Combipress N/LM, Merz Dental,
Lütjenburg, Germany). The bottom of the crown nuts was sealed with a kneading silicone to prevent the
cold-curing polymer �owing away from the crown nuts. In order to provide a vertical embedding of the
implants, they were �xed in a drill chuck (Fig. 1). Then the �xed implants were lowered into the cold-
curing polymer, which was previously �lled into the crown nut. The polymer was �nally cured in a
pressure pot.

After all implants were embedded in the crown nuts, the abutments (S/RI 4.1 SUB-TEC WI, BEGO Implant
Systems GmbH & Co. KG, Bremen, Germany) were screwed manually into the embedded implants with
25Ncm using a calibrated torque-measuring device (HTGS-10N, PCE Deutschland GmbH, Meschede,
Germany). The torque-measuring device was clamped in a drill stand in order to ensure the abutment
screw to be screwed-in vertically (Fig. 2).

In order to create oral cavity-like conditions, a tub made of steel was manufactured to hold liquids. Each
prepared crown nut was positioned inside the metallic tub, which was clamped inside the test carrier of
the testing machine. The edges of the tub were higher than the crown nut, so that the abutments could be
totally covered in saliva substitute (Sialin-Sigma solution, Sigmapharm Arzneimittel GmbH, Vienna,
Austria). Sialin-Sigma is used to moisturize the oral and pharyngeal mucosa.

The mechanical behavior of the implant-abutment-nut-tub compound was evaluated under simulated
loading conditions using a static material testing machine (Zwick/Roell Z010 TN, Zwick GmbH & Co. KG,
Ulm, Germany) (Fig. 3).

Before the test procedure was started, the testing machine was set in the testing software (testXpert II,
Zwick GmbH & Co. KG, Ulm, Germany). For each specimen the load point was 250N, the speed of the
cycles 50 mm/min and the total number of cycles 10,000.

Trial implementation
The 60 embedded implants were separated in three group of the same size. In group 1 (G1), the control
group, the test was performed under dry conditions.

In group 2 (G2), Sialin-Sigma solution (Sigmapharm Arzneimittel GmbH, Vienna, Austria) was added to
the implant abutment compound. In group 3 (G3), the abutments were wetted with chlorhexidine gel
(Chlorhexamed 1% GEL, GlaxoSmithKline Consumer Healthcare GmbH & Co. KG, München, Germany),
then screwed into the implants and the test was performed under oral cavity-like conditions by applying
Sialin-Sigma solution (Sigmapharm Arzneimittel GmbH, Vienna, Austria). After the testing procedure was
�nished, the removal torque was determined by means of the hex wrench �xed in the torque meter.

Results
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A total of 60 implants were used to compare three different experimental setups: dry, with saline
substitute and with chlorhexidine gel only and chlorhexidine gel together with saline substitute.

Due to problems during the testing procedure within two groups, two testing trials could not be included
into the evaluation. So, a total of 58 measured values were obtained and analyzed (Fig. 4, 5).

The control group showed a mean value of removal torque of 19.85 Ncm ± 1.42 Ncm. Compared to that,
group 2 and 3 showed greater values. The removal torque in group 2 was 20.32 Ncm ± 2.61 Ncm and in
group 3 was 19.74 Ncm ± 2.96 Ncm. Not only were the mean values different but also the range of values
(Fig. 4, 5). In group 1 the values ranged from 18 Ncm to 23 Ncm, in group 2 from 14 Ncm to 24 Ncm and
in group 3 from 12 Ncm to 23 Ncm.

Statistical analysis
The Lilliefors test and the Mann–Whitney U test were used to evaluate the results. When the values were
isolated, no signi�cant effects could be determined. The Lilliefors test showed a p-value < 0.001 for the
series of tests in group 3, and for group 2, p < 0.001 and for the control group p = 0.009 were calculated.

The result of the Wilcoxon test for the comparison of group 2 and 3 was p = 0.779. In the comparison of
the control group with group 3 the p-value was 0.636. For the comparison of the control group with group
2, the Wilcoxon test showed a p-value of 0.317. All the three differences were not statistically signi�cant
(p > 0.05) (Fig. 6).

Discussion

Method
Changes of the removal torque occurred when the abutments were screwed in with CHX gel and loaded
with 10,000 cycles in the test carrier �lled with saliva substitute. The test setup was consisted of three
different examination groups (dry, Sialin-Sigma, Sialin-Sigma + CHX-gel), in which the abutments were all
loaded with 250N for 10,000 cycles in the testing machine (Zwick/Roell Z010 TN, Zwick GmbH & Co. KG,
Ulm, Germany). By embedding the implants in cold-curing polymer (Combipress N/LM, Merz Dental,
Lütjenburg, Germany) with the aid of a drill chuck, it was tried to place them as perpendicularly and
reproducibly as possible. In order to achieve a perpendicular rotation of the abutment screws, the torque-
measuring device with the hex wrench (Ratchet, BEGO Implant Systems, Bremen, Germany) �xed therein
was clamped in a drill stand to turn the abutment in and out.

The abutments were loaded vertically. The setting of the tests was edited using the test software
testXpert II (Zwick GmbH & Co. KG, Ulm, Germany). Due to technical problems, two tests could not be
evaluated because the test machine aborted several times. The technical problem was the result of a
loosened screw of the protective door. Within group 3, an abutment screw clamped with CHX gel using
the hex wrench. One point of criticism of this experimental design was that all implants were embedded
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vertically in prosthesis articulation and the abutments were loaded perpendicularly without a prosthetic
restoration by a �at plate. In comparison to other studies, such as the in vitro study by Zipprich et al. in
which titanium balls of 4 mm diameter were cemented on the abutments [3].

In the study by Koutouzis et al., the dynamic load was performed by a masticatory simulator and
transferred to the abutments at a 30°-angle through a stainless steel stylus [15]. The angle of 30° was
intended to re�ect the cusp inclination of the molars and thus transfer the stress as similar as possible to
force transmission in the oral cavity. Regarding the study design, it is also to be criticized that only
implant-abutment connection with an internal hexagonal compound was tested in the examination
groups.

The results showed that the removal torque is always less than the insertion torque. In the two-group
comparison using the Mann–Whitney U test, the results were not signi�cant. To illustrate the results, the
mean values of the three study groups were determined (Fig: 4). The control group had the smallest range
of values. The maximum-value in this group was 23 Ncm and the minimum-value 18 Ncm. The
maximum-value of group 2 was 24 Ncm and of group 3 23 Ncm. The minimum-value of group 2 and 3
were 14 Ncm and 12 Ncm, respectively. Butignon et al. and Khraisat et al. showed in their in-vitro study
that the removal torque signi�cantly decreased after cyclic loading[16, 17]. By scanning with an electron
microscope, structural changes of the abutments, such as wear and structural losses were compared
before and after the cyclic loading [16].

The �attening of microscopic unevenness leaded to a circumvention of the friction. The relaxation of the
contact surfaces was also described as a "settling-effect" and resulted in a reduction of the preload, since
part of the applied torque was used to circumvent the friction [13, 18].

Due to the great in�uence of the implant-abutment connection on the long-term success of implants, the
clinical importance of this potential weak spot is high. The unavoidable micro leakage between the
implant and the abutment allows penetration of periodontal-pathogenic bacteria, which could lead to an
in�ammatory reaction of the surrounding tissue and in worst-case cause the loss of the implant [19].
Ghannad et al. showed in their study that the application of 1% CHX gel into the abutment screw hole in
morse-taper implant systems leads to a signi�cant reduction of bacteria over a period of 110 days [20].

Conclusion
Based on the results of the study by Ghannad et al., the authors recommended that the prevention of
bacterial colonization of the implant-abutment connection should be a part of the treatment standard in
implantology. The authors recommended, however, not only the application of 1% CHX gel during the
implant placement, but also after every abutment insertion. Due to lack of signi�cance during
comparison of the groups in the present study, it could be assumed that the application CHX gel has no
negative in�uence on the strength of tested implant-abutment connection.
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Future studies should determine the long-term effect of CHX gel on different implant-abutment
connections.
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Figure 1

The embedding of the implant analogs with the aid of a drill chuck
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Figure 2

The torque-measuring device clamped in the drill stand
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Figure 3

The metallic tub �lled with saliva substitute and clamped with test machine

Figure 4
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mean values of the applied removal torque

Figure 5

range of values



Page 13/13

Figure 6

p-values of the Wilcoxon-test; p>0.05


