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Purpose. The aim of this study was to investigate to what extent cyclic load 
affects the screwless implant-abutment connection for Morse taper dental 
implants. Materials and Methods. 16 implants (SICvantage max) and 16 
abutments (Swiss Cross) were used. The screwless implant-abutment connection 
was subjected to 10,000 cycles of axial loading with a maximum force of 120 N. 
For the pull-off testing, before and after the same cyclic loading, the required 
force for disconnecting the remaining 6 implant-abutment connections was 
measured. The surface of 10 abutments was examined using a scanning electron 
microscope 120× before and after loading. Results. The pull-off test showed a 
significant decrease in the vertical force required to pull the abutment from the 
implant with mean 229.39 N ± 18.23 before loading, and 204.30 N ± 13.51 after 
loading (P<.01). Apart from the appearance of polished surface areas and slight 
signs of wear, no visible damages were found on the abutments. Conclusion. 
The deformation on the polished abutment surface might represent the result 
of micro movements within the implant-abutment connection during loading. 
Although there was a decrease of the pull-off force values after cyclic loading, this 
might not have a notable effect on the clinical performance. [J Adv Prosthodont 
2021;13:152-9]
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Introduction

The most commonly used implants in dentistry are the two-part titanium im-
plants. The reasons for this are the possibility of wound closure, better main-
tenance during the healing process and the use of temporary restorations, 
which form a wound dressing in addition to the temporary dentures and re-
storative advantages.1
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The type of connection between the implant and 
the abutment can be ensured with or without re-
taining screws which engage in an internal thread 
in the implant.2,3 Screwable connections are usually 
equipped with internal or external rotation protection 
for single tooth restorations. In addition, there are 
different types of connection, an inner cone or a butt 
joint. The advantages and disadvantages of these sys-
tems have already been examined.4

Looking at the biological effects, the conical connec-
tion between the implant and the abutment should 
prevent mechanical gaps from the outset. The abut-
ment is pressed into the implant through the cone 
and fixed with the retaining screw. If a force is applied 
to that system, the two parts always move in one or 
more directions. Gehrke and Pereira Fde5 were able to 
show with four Morse taper implants that under cycli-
cal loading of 80 N there was a significant reduction in 
the gap, but the gap was not completely closed. Sur-
face defects, which can occur during the milling pro-
cess, can lead to increased gap formation.6 Further-
more, mechanical inaccuracies are also the reason for 
an increased gap formation.5,6 Due to such displace-
ments, deformations could be recognized in a surface 
analysis within the implant-abutment connection, 
and a loss of holding force could be observed.7

Morse taper implants were designed for the fabrica-
tion of single-tooth implant-supported crowns where 
the abutment and the crown are one unit. Some 
manufacturers provide solutions where the abut-
ment-crown complex is connected to the implant 
without screw to a locking taper.8 This technique 
does not use cement to retain the crown or screws 
to retain the abutment. On the one hand, the clinical 
outcome of this screwless and cementless system for 
single implant restorations is favorable, compared 
with the results for the screw- and cement-retained 
single implant restorations.9 On the other hand, the 
mechanical resistance of the screwless Morse taper 
implant system is lower than that of the regular im-
plant systems and might result in more frequent clini-
cal complications.10

In order to clarify those contradictions the aim of 
this study was to investigate the extent to which cy-
clic load affects the implant facing surface of the 
abutment and the connection of a screwless im-

plant-abutment connection.

Materials and Methods

The examined implants (SICvantage max, Schili Im-
plants, Basel, Switzerland; 4.7 mm × 13 mm) have an 
engaging design and a conical connection between 
the implant and the abutment. The cone inhibits the 
removal of the abutment placed on it by means of 
friction. According to the manufacturer and the litera-
ture, the retentive stability of the conical design used 
is sufficient to attach prosthetic restorations without 
a retaining screw.11 The inner cone has an angle of 
2.8°, which is also known as Morse Taper. The rotation 
protection is a groove-nub connection, which holds 
the abutment (Swiss Cross, Schili Implants, Basel, 
Switzerland) with 4 grooves precisely in position. Due 
to the equal connection between the abutment and 
the implant it is intended to achieve an optimal dis-
tribution of the pressure and bending forces over the 
connective surface. The conical section is tightened 
for the long- term by tapping gently or with the fixa-
tion screw at a torque of 20 Ncm. After removal of the 
fixation screw, the (Morse taper) conical connection 
can only be removed with a special instrument - the 
extractor. 

Dense polyurethane (PU) block (Solid rigid poly-
urethane foam, 50PCF, Sawbones Europe AB, Malmö, 
Sweden) was used for the tests. The bone blocks 
(13 cm × 18 cm × 4 cm) were produced using a 
5-axis milling machine (U5-620, SPINNER Werkzeug-
maschinenfabrik GmbH, Sauerlach, Germany) with 
swivel table, so that the opposite sides were exactly 
parallel to each other. Thus, the implant or abutment 
could be subjected to precise axial statical loading 
(Fig. 1). 

In order to set a reproducible implant position, the 
implant bed preparation was carried out with the 
5-axis milling machine U5-620 - equipped with im-
plants drills - without changing the position of the ta-
ble of the parallelometer. The implants were inserted 
by 35 Ncm.

The abutments were fixated according to the man-
ufacturer’s recommendations. The abutment was in-
troduced into the cone and seated in intermediate 
position with the “Swiss Cross”. The index was found 
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by turning it to the right or left. The fixation screw was 
then tightened with 20 Ncm with a torque wrench 
and removed before testing.

The mechanical loading setup is presented in Fig. 
2. The artificial bone block was placed inside the uni-
versal testing machine (ProLine Z100TN, ZwickRo-
ell GmbH & Co. KG, Ulm, Germany). A working stamp 
with a horizontal working surface was used. The plate 
and working stamp, as well as artificial bone and the 
abutment were consequently parallel to ensure the 
best possible axial force transmission and prevent an-
gulation errors. Cyclical loading was performed as fol-
lows:

·preload of 0.2 N
·cross-speed of 0.2 mm/min

·loading magnitude 120 N 
·10,000 cycles of loading
During testing the machine did not completely re-

lieve the load as this could result in a spatial offset or 
rotation of the bone (Fig. 2).

Pull-off tests were performed before and after cycli-
cal loading using the universal testing machine. Thus, 
initial and post-loading pull-off force could be detected.

The force required to separate the implant and 
abutment was evaluated in pull-off tests before and 
after cyclic loading, using the universal testing ma-
chine (Fig. 3). Thus, initial and post-loading pull-off 
force was detected.

The scanning electron microscope (TM-1000, Hita-
chi Ltd. Corporation, Chiyoda, Japan) examination 
was performed in a standardized manner under 120
× magnification. Therefore, the abutments were set 
upside-down in a customized holder. The first SEM 
examination focused orthogonally on the Swiss Cross 
retraction (Fig. 4). The second SEM examination fo-
cused in approximately 35° angulation on the Swiss 
Cross retraction (Fig. 5). The images were assigned 
to the respective implant and could be direct visually 
compared. 

Statistical analysis was performed with SPSS (27, 
IBM, Armonk, NY, USA). Kolmogorow-Smirnow test 
was used to examine normal distribution and t-test 
for differences between means. The significance-level 
was set at 0.05.

Fig. 1. Five implants have been placed in the artificial bone 
block. In implant no. 3 a morse taper abutment has been 
inserted.

Fig. 2. Cyclic loading test - the stamp of the testing 
machine presses on the abutment.

Fig. 3. After cyclical loading test - the clamps of the test-
ing machine pull the abutment.
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Results

No implant has been dislodged from the polyure-
thane block and the clamps of the testing machine 
have caused no distortion of the abutment. The re-
sults of mechanical testing showed a significant de-
crease of the pull-off-forces after cyclical loading (P < 
.002). Before the cyclic loading, the mean value of the 
required withdrawal force was 229.39 N ± 18.23 and 
after 204.30 N ± 13.51.

Fig. 4 and Fig. 5 show SEM of implant facing surface 
of the abutment before and after cyclic loading.

SEM images of the implant facing surface of the 
abutment with its twist protection, the Swiss Cross 
are shown in Fig. 4. Minor damage - wear of the edg-
es - could be detected as a result of screwing in or the 
cyclic loading. No other changes on the surface could 
be observed. In particular, the surface structure in the 
unloaded implants appears very similar to that. The 
same situation was shown for all other implants. The 
edges of the twist protection also seemed not affect-
ed during testing and showed no signs of grinding. 

This was different when looking at the pictures with 
an inclination of approximately 30 - 35° (Fig. 5). Be-
fore loading, a clear grinding pattern could be seen, 

which extended to the upper edge of the twist pro-
tection. Also some finely drawn lines were visible that 
run constantly through the magnified area. After the 
testing, they were not visible anymore. Apart from a 
few fragments, the surface was smooth from the bor-
der between the twist protection and the implant. No 
grooves or striations were visible. The same situation 
could be observed on all other abutments tested.

Discussion

The aim of the present study was to investigate the 
extent to which cyclic load affects the implant facing 
surface of the abutment and the connection of the 
implant-abutment connection for Morse taper den-
tal implants. SEM-examination showed only minor 
changes in the abutment surface in the form of mi-
nor smoothening of edges and polished surface. After 
mechanical loading, the pull-off testing showed a sta-
tistically significant decrease of the required pull-off 
force (P < .002).

The number of specimens (N) was set at 16. For this, 
similar studies have been taken into consideration. 
Other comparable studies set the number of speci-
mens ranging from three to twenty.4,5,7 The experi-

Fig. 4. SEM examination before placing the abutments in the implants (A) and after the cyclic loading (B). After cyclic 
loading * wear was visible at the abutment’s implant facing surface. The circles mark the area of wear. The corresponding 
pictures A/B.1; A/B.2; A/B.3 focus on the same area in order to show the alteration due to the cyclic loading. In the pictures 
B.1, B.2 and B.3 alterations in form of wear are visible.

A.1

B.1

A.2

A.3

B.2

B.3
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mental setup was similar to the study by Prado et al .7. 
Care was taken to ensure that as many sources of bias 
and errors as possible could be excluded in order to 
be able to confirm or reject the hypothesis. Therefore, 
every consumable component was replaced for every 
trial. This included the implant, drill hole, abutment 
and retaining screw.

The number of cycles was set at 10,000. The pre-
liminary test showed that with this number of cycles 
there was already a clearly visible change in form of 
wear in the material. An increase in cycle number or 
dynamic loading in a chewing simulator could make 
further statements about material and its behavior. A 
similar study was carried out with a simulated chew-
ing cycle number of 300,000.12 The maximum force 
of 120 N, which was reached once per cycle, corre-
sponds to the chewing forces that occur when chew-
ing hard food.10

The artificial bone used in the present work con-
sists of bone-like polyurethane foam. It is validated 
in several further studies13-15 as a homogeneous ma-
terial allowing reproducible results. However, human 
bone does not have this homogeneity, which should 
affect the transfer of the study to the clinical site and 
should be taken into account. Implant placement 

could be performed using a parallelometer.5,16 Sev-
eral implants were placed in an artificial bone block. 
As they were loaded in sequence, this could lead to a 
deformation of the polyurethane block that interferes 
with the movement of the assembly and a change in 
the incidence of load applied to a specific implant. 
Although the pull-out testing results showed a high 
consistency within the groups, this fact should also 
be regarded as a possible limitation of the study de-
sign. To avoid mechanical deformation during testing, 
a dense artificial bone (no spongious area) with high 
mechanical resistance was chosen. Furthermore, not 
holding the blocks in position while loading might 
have resulted in dislocation and thus non-axial load-
ing of the abutments. Nevertheless, this was not ob-
served during testing. 

The stamp acting in the loading test was lowered 
onto the edge of the abutment and the force was 
transferred to it directly. Clinically the abutment is 
fully covered from the prosthetic restoration. The re-
sulting force was therefore not the same as in clini-
cal use. However, since the force in the experimental 
setup acted purely axially, the implant abutment sur-
face behaves as if the forces were acting on the entire 
abutment.

Fig. 5. SEM examination of the abutments before placing the abutments in the implants (A) and after the cyclic loading (B) 
at transition from implant facing surface to lateral site (30 - 35° to the abutment axis). (A) Before cyclic loading the surface 
shows * finely drawn lines.  (B) After cyclic loading * no finely drawn lines are visible.

A.1

B.1

A.2 B.2

A.3 B.3
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Consistency as in-vitro  in humans is not to be ex-
pected. In clinical practice, the nature of implant 
loading is dynamic. The number of 10,000 chewing 
cycles is reached relatively quickly in vivo . It is as-
sumed that humans make around 1500 antagonistic 
tooth contacts every day, for example by chewing or 
swallowing, thus the number of chewing cycles ex-
amined is reached fairly quickly.17 The temperature at 
which the trials were carried out was also constantly 
lower than in vivo. Whereas relatively constant 37°C 
can be found in the oral cavity, the study was carried 
out at significantly lower temperatures.

A criticism could be that the abutment only loads 
axially, always with the same force. In the studies by 
Mangano et al . as well as by Geckili et al . the insert-
ed implant construction was loaded with forces from 
all different directions and with various, compressive 
forces.8,18,19 Axial loading might favor the system.

A polish of the surface was clearly visible after cy-
clic loading (Fig. 5B). Slight signs of wear were seen 
during SEM-examination. No material failure such 
as breakage or deformation could be identified. No 
damage was found when looking at the twist protec-
tion. Due to the polishing and wear of the surface of 
the abutment, there was the presumption that pull-
ing off the abutment might require less effort than 
with an unstressed implant-abutment connection. 
This presumption was confirmed by the following 
pull-off test. We focused on the area of the index por-
tion because that area secures the stable position of 
the abutment. If that area is getting damaged during 
loading the implant-abutment connection might 
loosen.

The studies of the literature research showed that 
the Morse taper abutments could be compared very 
well with the screwed abutments and that the designs 
differ only slightly regarding clinical failure.8,9,20 None 
of the studies showed a greater loosening or even a 
loss of the abutment. During the last decades, in liter-
ature two different assumptions have appeared: the 
first possible explanation is that the abutment tends 
to be cold welded to the implant due to the high pres-
sure, which in turn leads to the abutment being firm-
ly anchored in the implant. The second possibility 
might be that despite or because of the various exter-
nal influences, there might be no great changes, and 

if so, only minimal ones.21,22 
Cold welding requires sufficient pressure on one 

point. In an in-vitro  study, Merz et al . examined the 
pressure distribution of conical connections.23 When 
tightening the retaining screw with 35 Ncm, the cone 
of the abutment was pressed into the implant. Load-
ing this connection showed stress values in the con-
ical connection. According to finding of Norton et 
al ., those stress values are not enough for initializing 
cold welding. They reported that cold welding was 
only apparent in high torque series when torques of 
100 Ncm and more were applied.22 Thus, cold weld-
ing might not be the reason for higher pull-off forc-
es after loading. Bozkaya and Müftü could show that 
elastic straining in the implant increases the pull-off 
force due to higher interference values.24 In contrast, 
a plastic deformation leads to a decrease of interfer-
ence values resulting in lower friction and thus lower 
required pull-off forces. In addition, according to the 
Coulomb’s law of friction the surface roughness in-
fluences proportionally the increase of friction, thus 
increasing the required external forces to disengage 
both surfaces.

In the present study, a decrease of required pull-off 
force to separate the abutments from the implants 
was observed after axial static loading. The initial 
pull-off force of 229.39 N ± 18.23 decreased slight-
ly to 204.30 N ± 13.51 after loading. These results do 
not correspond to the findings of further studies on 
the impact of loading on the implant-abutment con-
nection.24,25 In a similar set up, on Ankylos implants 
with a conical connection, Hsu et al . measured an in-
crease of pull-off values after loading.26 It should be 
taken into consideration that even after static axial 
loading, the resulting mean pull-off force (77.6 N) was 
substantially lower than the results of the present 
study. From this point of view, the increase of connec-
tion strength might not be of clinical relevance. 

It can only be carefully assumed that the polish and 
slight deformation within the index area could have 
led to a decrease in surface roughness and congru-
ence and thus a decrease in friction. This decrease 
in friction decreases the required external forces to 
disengage those two surfaces. The results of the SEM 
examination showed signs of polish or slight wear in 
the index area of the abutment after cyclic loading - 
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consequences of possible minimal movements in the 
implant-abutment connection. It might be assumed 
that this might be the reason for the decrease in the 
required pull-off force after loading.

Conclusion

From the present results and within the limitations of 
this in-vitro study, following conclusions were drawn:

Axial static loading of the abutments resulted in 
minimal signs of wear within the implant-abutment 
connection, leading to a slight decrease of the force 
values needed to separate them. The hypothesis, that 
cold welding occurs, could be rejected. 

The clinical relevance of the changes caused by 
mechanical loading is negligible. Further studies are 
needed for a full understanding of the biomechanical 
behavior of Morse taper systems.
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