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Objectives: Previous studies that evaluated the torque needed for removing dental 
implant screws have not considered the manner of transfer of the occlusal loads in 

clinical settings. Instead, the torque used for removal was applied directly to the screw, 
and most of them omitted the possibility that the hexagon could limit the action of the 
occlusal load in the loosening of the screws. The present study proposes a method for 
evaluating the screw removal torque in an anti-rotational device independent way, creating 
an unscrewing load transfer to the entire assembly, not only to the screw. Material and 
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a screw to 20 dental implants. They were divided into two groups: Group 1 used titanium 
screws and Group 2 used titanium screws covered with a solid lubricant. A torque of 32 
Ncm was applied to the screw and then a custom-made wrench was used for rotating the 
abutment counterclockwise, to loosen the screw. A digital torque meter recorded the torque 
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means of Group 1 (38.62±6.43 Ncm) and Group 2 (48.47±5.04 Ncm), with p=0.001. 
Conclusion: This methodology was effective in comparing unscrewing torque values of 
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INTRODUCTION

When joined by a screw, the platform of a 
dental implant forms with the surface of the base 
of a prosthetic abutment a connection that should 
remain stable for the entire life of the restoration. 
However, loosening of the screws is a matter 
of concern for both dental professionals and 
manufacturers, and it is described in the literature 
as a frequent complication of prostheses placed 
upon implants3,16. The reported rates of loosening 
vary, going as high as 12.5%6,9,13,14,17. As the torque 
applied during the tightening of the screw increases, 
it generates a larger preload between the base of 
the component and the platform of the implant. It 

is intended to reduce the probability of loosening 
of the screw after the prosthesis is put into use 
because the larger the preload, the larger the 
resistance to loosening1.

The forces that keep a screw tight are the 
friction between the threads, between the head 
of the screw and the abutment, and between the 
implant and the abutment. The force that clamps 
two screw-tightened components together is called 
the “preload” and it depends on the composition 
of the materials, the texture of their surface and 
their degree of lubrication2,19�
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and it also affects the preload values10.

Aware of  the loosening problem, the 
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manufacturers of various systems have developed 
screws designed to decrease the loosening rates. 
Their surfaces have been treated to reduce the 
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One example is the TorqTite® (Nobel Biocare 
Holding AG, Balsberg, Kloten, Switzerland), lined 
with diamond-like carbon (DLC), which acts as a 
lubricant8,12.

The published studies that evaluate the torque 
needed for removing the screws do not consider 
the manner of transfer of the occlusal loads to the 
interfaces between the implant, the abutment and 
the screw in the clinical setting15,18,20. Instead, the 
torque used for removal is applied directly to the 
screw. Most of them omit the possibility that the 
hexagon or any other anti-rotational device could 
limit the action of the occlusal load in the loosening 
of the screws. In fact, the concept that attributes 
to the hexagon the responsibility for preventing 
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results obtained thus far5.

The role of the hexagon in preventing loosening 
of the screw is controversial7. Binon1 (1996) 
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the resistance to screw loosening, and that the 
reduction in the rotational discrepancy between 
the hexagon of the prosthetic abutment and 
the external hexagon of the implant make the 
connection more rigid and resistant to loosening. 
That author believes that a rotational discrepancy 
greater than 2 degrees in the connection makes it 
more unstable when subjected to the masticatory 
load, whereas Lang, Wang and May11 (2002) 
tolerate a discrepancy of up to 5 degrees. On the 
other hand, Cibirka, et al.4 (2001) observed that 
intentional discrepancies between the hexagons 
of the implant and the abutment, and even the 
removal of the hexagon from the implant, did not 
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evaluation of the resistance to loosening of screws 
must be independent from the controversial action 
of anti-rotational devices.

The present study proposes a method for 
evaluating the torque of screw removal, and has 
two distinct objectives: (1) to isolate the behavior 
of the screw from that of the anti-rotational device; 
and (2) to create an unscrewing load transfer, not 
only to the screw, but to the entire assembly, similar 
to what occurs in the mouth.

MATERIAL AND METHODS

We used 20 dental implants made of commercially 
pure titanium (Neodent Implantes Osteointegráveis, 
Curitiba, Paraná, Brazil), 3.75x9.0 mm, with a 
platform of 4.1 mm in diameter, and an external 
hexagon 2.7 mm wide and 0.7 mm high (similar 
to the original Brånemark platform). For this 

study, 20 hexagonal abutments (Neodent) were 
manufactured without a hexagon in their bases so 
they could be rotated on the implant platform during 
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abutments are recommended for cemented single 
crowns. A wrench custom made for this experiment 
(Neodent) was used for rotating the hexagonal 

Figure 1- Inner view of the hexagonal abutment after 
removal of the hexagon

Figure 2- One of the ends of the custom-made wrench that 
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Figure 3- The wrench attached to the digital torque meter 
turning the hexagonal abutment counterclockwise. The 
abutment is held by a metal base
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abutment counterclockwise, thus creating a 
movement to loosen the screw (Figure 2).

The implant-hexagonal abutment assemblies 
were randomly divided into two groups of ten 
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implant with an M2.0 titanium screw (Neodent), 
while in Group 2 titanium screws M2.0 covered with 
a solid lubricant (TorqTite®, Nobel Biocare) were 
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were attached to metal base that kept them from 
rotating when tightening torque was being applied 
to the screw. The abutment was attached with 
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wrench (Neodent), followed by tightening with a 
prosthetic ratchet torque wrench (Neodent) up to 
a torque of 32 Ncm. A digital torque meter (TQ-
680, Instrutherm, São Paulo, SP, Brazil) was then 
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the screw.
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meter was used for applying a removal movement 
to the abutment. One end of the custom-made 
wrench was attached to the digital torque meter 

and the other end was attached to the abutment. 
Then, counterclockwise torque was applied and 
the highest torque required to completely loosen 
the abutment was recorded (Figures 3 and 4). It 
should be mentioned that the loosening of the 
abutment occurred only because the hexagon at 
its base had been removed, thus eliminating the 
possibility of any effect of the hexagon upon the 
experiment. Each experiment was performed four 
times for each implant-abutment-screw assembly. 
The values obtained for each group were statistically 
compared with the two-sample Student’s t-test at 
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RESULTS

The results are presented in Tables 1 and 2, 
and in Figure 5. The normality of the samples was 

       Sample                                                      Removal Torque (Ncm)                                            Mean torque (Ncm)
Test 1 Test 2 Test 3 Test 4

1 29.1 36.5 38.2 38.7 35.63

2 39.5 38.0 38.6 43.3 39.85

3 42.1 46.0 41.8 55.5 46.35

4 49.8 38.4 36.3 37.3 40.45

5 33.3 38.6 35.6 36.3 35.95

6 29.0 26.2 37.3 31.5 31.0

7 34.4 34.9 32.7 32.1 33.53

8 23.0 28.7 35.5 41.1 32.08

9 58.4 53.8 50.3 43.0 51.38

10 49.4 34.4 39.5 36.6 39.98

Group mean 38.62

Table 1- Torque values for removing the abutments from the plain titanium screws (Neodent, Brazil)

Figure 4- The digital torque meter showing the maximum 
torque required for loosening the screw

Figure 5- Torque values (Ncm) for removing the abutments 
from the plain titanium screws (Neodent, Brazil) and from 
the titanium screws covered with lubricant (TorqTite®, 
Nobel Biocare, Switzerland)
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between the means of Group 1 (titanium screws; 
38.62 Ncm±6.43) and Group 2 (TorqTite screws; 
48.47 Ncm±5.04), with p=0.001.

DISCUSSION

The methodology used in this study produced 
results similar to those reported by Lang, et al.10 
(2003) and Martin, et al.12 (2001), namely, it 
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covered with solid lubricants perform better than 
plain titanium screws in terms of preserving 
the stability of the prosthetic implant-abutment 
junction. The standard deviation found in this 
study was smaller than that found by Martin, et 
al.12 (2001), while both used the same number 
of screws. This shows better homogeneity in the 
measurements and suggests a higher precision in 
the presented methodology.

In the methods usually employed for measuring 
the unscrewing torque, the latter is applied directly 
to the screw, which is not realistic considering that 
clinically the screw loosening occurs as a result 
of small movements of the abutment. Therefore, 
the methods that loosen the screws directly do 
not reproduce accurately what happens to the 
prostheses in the mouth of the patients. The method 
proposed in this study is more appropriate because: 
(1) it permits evaluating the performance of screws 
independently from anti-rotational devices; and (2) 
it produces results closer to the clinical situation 
because the unscrewing force is applied upon the 
prosthetic assembly instead of directly on the screw.

The results showed that unscrewing torque 
was higher than screwing torque applied. This can 
possibly be due to the fact that the force needed to 

rotate the abutment had to overcome the friction 
between the surfaces of the abutment and the 
implant, besides the friction on the surface of the 
screw.

The results also showed a homogeneous sample 
despite the small number of screws. The hexagons 
were removed from the abutments to eliminate 
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than because of any notion that they are not useful, 
and also to make possible to rotate the abutment 
until the loose of preload. Although this type of 
abutment does not exist without the hexagon in 
clinical reality, there are many types of abutments 
with no kinds of anti-rotational devices at all, similar 
to the experimental abutments used in this study, 
and they are largely used in clinical situation.

The proposed method may permit the evaluation 
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of the number of screwing and unscrewing events 
upon the preload. Furthermore, this method may 
be enhanced by applying cyclical loads to the 
abutment so that the direction of the loads can be 
varied within the same cycle in order to create small 
motions even more similar to the clinical reality.

 
CONCLUSION

Within the limitations of this in vitro study, the 
following conclusion may be drawn: 1. The proposed 
method is effective in comparing unscrewing torque 
values of the implant-abutment junction even with 
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two types of screws.

       Sample                                                      Removal Torque (Ncm)                                            Mean torque (Ncm)
Test 1 Test 2 Test 3 Test 4

1 53.1 56.5 59.3 64.6 58.38

2 41.3 50.9 49.7 57.4 49.83

3 27.3 39.5 59.9 61.8 47.13

4 39.7 46.3 49.8 53.1 47.23

5 30.8 45.0 46.3 51.6 43.43

6 37.7 44.8 54.5 78.7 53.93

7 26.6 52.2 56.9 49.9 46.28

8 58.1 46.3 48.7 53.8 51.73

9 41.8 43.1 45.7 47.4 44.50

10 25.6 45.6 51.5 46.3 42.25

Group mean 48.47

Table 2- Torque values for removing the abutments from the titanium screws covered with lubricant (TorqTite®, Nobel 
Biocare, Sweden)
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