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Influence of the implant abutment types and 
the dynamic loading on initial screw loosening

Eun-Sook Kim, DDS, MS, Soo-Yeon Shin*, DDS, MS, PhD
Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Republic of Korea 

PURPOSE. This study examined the effects of the abutment types and dynamic loading on the stability of implant 
prostheses with three types of implant abutments prepared using different fabrication methods by measuring 
removal torque both before and after dynamic loading. MATERIALS AND METHODS. Three groups of abutments 
were produced using different types of fabrication methods; stock abutment, gold cast abutment, and CAD/CAM 
custom abutment. A customized jig was fabricated to apply the load at 30° to the long axis. The implant fixtures 
were fixed to the jig, and connected to the abutments with a 30 Ncm tightening torque. A sine curved dynamic 
load was applied for 105 cycles between 25 and 250 N at 14 Hz. Removal torque before loading and after 
loading were evaluated. The SPSS was used for statistical analysis of the results. A Kruskal-Wallis test was 
performed to compare screw loosening between the abutment systems. A Wilcoxon signed-rank test was 
performed to compare screw loosening between before and after loading in each group (α=0.05). RESULTS. 
Removal torque value before loading and after loading was the highest in stock abutment, which was then 
followed by gold cast abutment and CAD/CAM custom abutment, but there were no significant differences. 
CONCLUSION. The abutment types did not have a significant influence on short term screw loosening. On the 
other hand, after 105 cycles dynamic loading, CAD/CAM custom abutment affected the initial screw loosening, 
but stock abutment and gold cast abutment did not. [ J Adv Prosthodont 2013;5:21-8]
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Introduction

As the efficiency and clinical success of  osseointegration 
have been reported, implants have become a common 
treatment for missing tooth. This is because a single 
implant had an advantage in reconstructing the tooth 
form and function of  missing part without preparation 
of  the adjacent teeth.1,2
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Despite the high clinical success of  the implant, Laney 
et al.3 reported several complications after 3-year follow 
up research of  a single-implant prostheses. The complica-
tions were an abutment screw fracture, soft tissue pene-
tration, mucosal inflammation and screw loosening. The 
most common complication was abutment screw loosen-
ing.4,5

The reasons for screw loosening are fatigue, inade-
quate tightening torque, settling effect, vibrating micro-
movement and excessive bending.6 Some authors7 report-
ed that the main factor in screw loosening was an inap-
propriate tightening torque. The aim of  applying a tight-
ening torque to the abutment screw was to make screw 
elongation and grant stability through a compressive 
force between the abutment system and fixture.8 If  the 
tightening torque was not consistent, the following pre-
load showed a difference and could affect the removal 
torque. The level of  screw loosening could be measured 
by evaluating the screw elongation,9 preload using gauge,10 
and removal torque of  the screw.11

Implant abutments should be made from biocompati-
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ble materials with adequate mechanical properties12 to ful-
fill the biological, functional and esthetic demands.13 In 
addition, they should accurately and passively fit on their 
mating implants to prevent complications, such as screw 
loosening, bone loss and abutment fractures during func-
tion. For the optimal mucogingival esthetics, implant 
abutments also require the appropriate emergence profile 
required to support the surrounding soft tissue.14

Implant abutments can be either stock or custom 
abutments, and there are two types of  custom abutments: 
gold cast and CAD/CAM custom abutments.15 In the 
past, stock and gold cast abutments were used typically 
but the application of  CAD/CAM custom abutments has 
now increased in implant dentistry. 

Some studies found the fit of  CAD/CAM implant 
frameworks to be statistically superior to that of  conven-
tional cast frameworks.16-18 On the other hand, compara-
tive research into the stability of  CAD/CAM custom 
abutment, stock abutment and gold cast abutment are 
rare. This study examined the effects of  the abutment 
types and dynamic loading on the stability of  implant 
prostheses with three types of  implant abutments pre-
pared using different fabrication methods by measuring 
removal torque before and after dynamic loading.

Materials and methods

The implant fixtures and abutment screws selected in this 
study were GS II Fixture Ø4.0 × 11.5 mm (Osstem Co., 
Seoul, Korea) and EbonyGold Screw (Osstem Co., Seoul, 
Korea), respectively (Fig. 1). Twenty one implant fixtures 

and abutment screws were used.
Three abutments fabricated in different processes 

were used: stock abutment (Group 1), gold cast abutment 
(Group 2), and CAD/CAM custom abutment (Group 3) 
(Fig. 2). Each group contained 7 specimens. The manu-
facturer and composition of  the abutments are shown in 
Table 1.

Three types of  abutments were fabricated to a similar 
form with stock abutment for standardization. Transfer 
Abutment, which had a 4 mm diameter, 2 mm collar and 
6 mm height (8 mm length), was selected as stock abut-
ment (Group 1). To produce gold cast abutment (Group 
2), a working model was made in the conventional meth-
od: Transfer Abutment was connected to a lab analogue, 
and analogue was fixed with improved stone, and a 2 mm 
collar soft tissue was made. GoldCast Abutment was con-
nected to the working model, a wax pattern was shaped as 
a 4 mm diameter and 8 mm length, and casting was fin-
ished with type mm gold alloy. The fabrication of  CAD/
CAM custom abutment (Group 3) was performed by 
scanning the model with an optic and touch scanner, 
designing with a CAD software, and milling a titanium 
block of  4 mm diameter and 8 mm length with an ultra-
sonic milling machine.

The customized jig was fabricated according to the 
ISO standard 14801 for dentistry-fatigue test for endosse-
ous dental implants (Figs. 3 and 4). The jig was designed 
to apply a force to the abutment at 30° to the long axis.

The implant fixtures were fixed to the jig, and were 
connected to the abutments with a 30 Ncm tightening 
torque using an electronic torque controller iSD900 

Table 1.  Abutment systems used in this study

Group Abutment system N Composition Brand name & manufacturer

1 Stock abutment 7 Ti-6Al-4V Transfer abutment (Osstem Co., Seoul, Korea)

2 Gold cast abutment 7 type III gold alloy GoldCast abutment (Osstem Co., Seoul, Korea)

3 CAD/CAM custom abutment 7 Ti-6Al-4V MYPLANTTM (Raphabio, Seoul, Korea)

Fig. 1.  Implant fixture and abutment screw.

Group 1 Group 2 Group 3

Fig. 2.  Abutment.
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(NSK, Tochigi-ken, Japan) (Fig. 5). After 10 minutes, the 
same tightening torque was applied to compensate for the 
loss of  preload caused by surface settling of  the interface. 
Another 10 minutes later, the removal torque before load-
ing was measured using a digital torque gauge HTG2-
200Nc (IMADA, Toyohashi, Japan) (Fig. 6).

The implant fixtures were fixed to the jig, and were 
connected to the abutments with a 30 Ncm tightening 
torque. The jig was installed in a dynamic loading fatigue 

tester MTS 810 (Material Test Systems Co., Minnesota, 
USA) (Fig. 7). According to the ISO standard 14801, a 
cylindrical stainless steel metal cap was located on the 
abutment. A sine curved dynamic load was applied for 105 

cycles between 25 and 250 N at 14 Hz. All dynamic load-
ing fatigue tests were carried out at room temperature.

After dynamic loading removal torque was evaluated 
using the same digital torque gauge used to measure the 
removal torque before loading.

The ratio of  removal torque before loading and tight-
ening torque can be an indicator of  how much loosening 
takes place before loading. The ratio of  removal torque 
after loading and tightening torque can be an indicator of  
how much loosening occurs after loading. The ratio of  
removal torque before and after loading can be an indica-
tor of  the degree of  loosening caused by the dynamic 
load.

30°

Fig. 3.  Schematic diagram of the testing condition.

Fig. 4.  Customized jig.

Fig. 5.  Torque controller.

Fig. 6.  Torque gauge.

Fig. 7.  Fatigue tester.
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Each loss rate of  removal torque was calculated using 
following formula.

Loss ratio of  removal torque before loading (%) 

=
  Tightening torque – Removal torque before loading 

× 100                             Tightening torque
Loss ratio of  removal torque after loading (%)

=
  Tightening torque – Removal torque after loading 

× 100                           Tightening torque
�Loss ratio of removal torque between before and after loading 
(%)

=
  Removal torque before loading – Removal torque after loading 

× 100                   Removal torque before loading

The SPSS (Release 12.0, SPSS Inc., Chicago, IL, USA) 
was used for statistical analysis. A Kruskal-Wallis test was 
performed to compare screw loosening between abut-
ment systems. A Wilcoxon signed-rank test was per-
formed to compare the screw loosening between before 
and after loading in each group. 

Results

The mean values and standard deviations of  removal 
torque value before loading and after loading were shown 
in Table 2: removal torque value before loading were 
18.12 ± 2.11 Ncm in group 1, 16.63 ± 1.48 Ncm in 
Group 2, and 16.06 ± 2.45 Ncm in Group 3, respectively; 
removal torque value after loading were 17.67 ± 2.60 
Ncm in Group 1, 16.10 ± 1.56 Ncm in Group 2, and 
15.20 ± 2.25 Ncm in group 3, respectively. Group 1 
showed the highest removal torque value before loading 
followed in order by Group 2 and 3. Group 1 showed the 
highest removal torque value after loading followed in 
order by Group 2 and 3. 

A Kruskal-Wallis test was performed for intergroup 
comparison of  removal torque value before loading and 
after loading. Both removal torque value before loading 
and after loading did not show significant differences 
(Table 2).

A Wilcoxon Signed-Rank test was performed to com-
pare removal torque value before and after loading in 
each group. There were no significant differences in 
Groups 1 and 2, but a significant difference was found in 
Group 3 (P<.05) (Table 3 and Fig. 8).

The mean values and standard deviations of  loss ratio 
of  removal torque before loading were 39.61 ± 7.02% in 
Group 1, 44.56 ± 4.95% in Group 2, and 46.47 ± 8.17% 
in Group 3, respectively. Loss ratio of  removal torque 
after loading were 41.11 ± 8.66% in Group 1, 46.33 ± 
5.19% in Group 2, and 49.32 ± 7.48% in Group 3, 
respectively. Loss ratio of  removal torque between before 
and after loading were 2.76 ± 4.90% in Group 1, 3.07 ± 
6.77% in Group 2, and 5.26 ± 2.17% in Group 3, respec-
tively (Table 4).

Table 2.  Results of the Kruskal-Wallis test for removal torque value between abutment systems

Group
Removal torque value before loading Removal torque value after loading

Mean ± SD F P Mean ± SD F P

1 18.12 ± 2.11 17.67 ± 2.60

2 16.63 ± 1.48 1.87 .18 16.10 ± 1.56 2.30 .13

3 16.06 ± 2.45 15.20 ± 2.25 

Table 3.  Results of the Wilcoxon Signed-Rank test for 
removal torque value before and after loading

Group T Df P

1 -1.52 2 .13

2 -1.19 2 .24

3 -2.37 2 .02* 

*: significant at P<.05

Fig. 8.  Comparison of removal torque value before and 
after loading.
*: significant at P<.05
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Group 1 showed the lowest loss ratio of  removal 
torque before loading followed in order by Groups 2 and 
3. Group 1 showed the lowest loss ratio of  removal 
torque after loading followed in order by Groups 2 and 3. 
Group 1 showed the lowest loss ratio of  removal torque 
between before and after loading followed in order by 
Groups 2 and 3. The intergroup comparison of  loss ratio 
of  removal torque resulted in no significant differences 
(Table 4 and Fig. 9). 

Discussion

Implant abutments can be either stock, cast custom or 
CAD/CAM custom abutments. The primary advantage 
of  stock abutments is their lower initial cost. On the oth-
er hand, the ideal anatomic contour and emergence pro-
file cannot be reproduced with stock abutments. Gold 
cast abutments are made specifically for the patient’s indi-
vidual tooth that the corresponding implant replaces. 
Therefore, the emergence profile is confluent from the 
implant to the abutment and to the superstructure. 

Custom abutment can be configured precisely if  correted 
angulation is required. The disadvantage of  gold cast 
abutment is the high cost and complicated fabrication 
process in that investing, casting and finishing could be 
prone to manufacturing errors. CAD/CAM custom abut-
ment has the potential advantages of  both stock and gold 
cast abutments; esthetic emergence profile, ideal anatomic 
contour, and angulation correction. In addition, CAD/
CAM abutment is cheaper than gold cast abutment.19

A number of  critical factors including the implant 
abutment connection, characteristics of  the abutment 
screw, adequate preload by proper tightening torque, and 
the precision of  the attachment of  the mating implant 
components are important in the screw joint stability.20

An implant abutment connection has a great impact 
on screw loosening. Screw loosening occurs on the slip 
joint of  the external hex in the external connection type 
by vibration and micro-movement during functional load-
ing.21,22 It appears that the external connection type is par-
ticularly weak to screw loosening because all external 
force components are concentrated mainly on the abut-
ment screw. On the other hand, in the internal connection 
type, less screw loosening occurs compared to the exter-
nal connection type because of  the oblique shape of  the 
fixture to the abutment connecting surface which enhanc-
es the mechanical stability by the friction and wedge 
effect.23,24 The change in the connection type and the 
morse taper with a mechanical friction grip have less 
screw loosening than the previous non-mechanical fric-
tion grip because of  the enhanced resistance to a lateral 
force.25,26 The internal and taper connection type was used 
in this experiment. Theoharidou et al.27 insisted that there 
would be less screw loosening when the anti-rotational 
features and torque is adequate regardless of  the type of  
implant abutment connection. 

According to the quality of  the screw, a range of  pre-
loads are generated. Haack et al.9 measured the amount of  
elongation of  the cervical part and thread during tighten-
ing with a gold screw and a titanium screw. In the case of  
the elongation quantity of  a screw, a gold screw showed 
better quality than a titanium screw, and the preload gen-
erated in a gold screw was larger than that in a titanium 
screw. This means that the use of  diverse screws would 
affect the research result. Therefore, screws with the same 
composition were applied in all three groups.

Table 4.  Results of the Kruskal-Wallis test for loss ratio of removal torque between abutment systems

Loss ratio of removal torque Loss ratio of removal torque Loss ratio of removal torque

Group before loading after loading between before and after loading

Mean ± SD F P Mean ± SD F P Mean ± SD F P

1 39.61 ± 7.02 41.11 ± 8.66 2.76 ± 4.90

2 44.56 ± 4.95 2.58 .28 46.33 ± 5.19 3.52 .17 3.07 ± 6.77 1.92 .38

3 46.47 ± 8.17 49.32 ± 7.48 5.26 ± 2.17

Fig. 9.  Comparison of loss ratio of removal torque 
between abutment systems. A: Loss ratio of removal 
torque before loading, B: Loss ratio of removal torque 
after loading, C: Loss ratio of removal torque between 
before and after loading.
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A gold screw could maintain a higher removal torque 
than a titanium screw, but Jörnéus et al.7 reported that the 
applied torque is more important than the quality of  the 
screw. At the same time, screw loosening can occur if  the 
screw tightening torque is lower than the appropriate 
tightening torque required and screw fracture can happen 
if  the screw tightening torque is higher than the required 
tightening torque. Therefore, applying the correct amount 
of  torque using a torque wrench is very important. In this 
study, 30 Ncm (manufacturer’s recommendation) was 
applied for a constant clamping torque and an electronic 
torque controller was used to apply the same tightening 
torque. 10 minutes later, the same tightening torque was 
applied repeatedly to compensate for the loss of  preload. 
Jaarda et al.28 reported 15-48% of  errors occurred when 
tightening the abutment screw with a hand made and they 
recommended to use a torque controller for applying the 
proper tightening torque recommended by manufacturer. 
Siamos et al.29 proposed that to minimize the decrease in 
preload by surface settling, the tightening force should be 
applied again 10 minutes after the first screw tightening. 
They also suggested that the tightening torque be applied 
regularly and repetitively to compensate for the settling 
effect of  the surface.

A misfit of  the prosthesis as well as the tightening 
torque can trigger screw loosening.30,31 A maladjustment 
will produce an abrasion in the interface and an increased 
gap in the screw joint would increase screw loosening.32 
Vigolo et al.33 assessed the precision at the implant inter-
face of  gold-machined UCLA-type abutments and CAD/
CAM titanium abutments and reported that both abut-
ments showed good precision and did not show any sig-
nificant difference. Abduo et al.34 examined the fit of  
implant frameworks and suggested that CAD/CAM 
framework showed an excellent fit, was most consistent, 
and least technique sensitive. Previous studies indicated 
that CAD/CAM abutment showed a good marginal fit 
and similar quality with stock abutment and gold cast 
abutment, however there was no additional margin adap-
tation check in this study.

Bates et al.35 reported that the maximum occlusal force 
on the human first molar was 300-500 N. According to 
Mohl et al.,36 the maximum biting force and average chew-
ing force was 244-1245 N and 40% of  the maximum bit-
ing force, respectively. Referring to this information, a 
250 Ncm load was selected arbitrarily, and a 105 times 
repeated load corresponds to the mean masticatory 
movement in 1 month.37 According to the ISO standard 
14801, a jig was prepared so that a force can be applied 
30° to the axis. In this experiment, a hemisphere shaped 
metal cap was fabricated and laid on the abutment to 
apply a force. The metal cap was used as a substitute for 
the implant superstructure but to apply the force in the 
abutment axis direction. Considering that the biting force 
is actually acting on the implant superstructure, it might 
be meaningful to perform an experiment that applies the 
forces after cementing the prefabricated implant super-

structure on the abutment.
In a comparison of  each abutment, Group 1 showed 

the highest removal torque before loading and after load-
ing followed in order by Groups 2 and 3, but there were 
no significant differences between abutment systems. 
This means that under limited conditions for 1 month, 
there are no significant differences in screw loosening 
between abutment systems. This result was in agreement 
with previous studies that showed no significant differ-
ence in screw loosening between titanium abutment, zir-
conia abutment and gold cast abutment.38

In a comparison of  removal torque value before and 
after loading in each group, there were no significant dif-
ferences in Group 1 and 2, but a significant difference 
was found in Group 3. This means that screw loosening 
could occur in CAD/CAM custom abutments. For this 
reason, the use of  screws in CAD/CAM custom abut-
ment can be considered. Generally, abutments and abut-
ment screws employ the same company products. On the 
other hand, in the present study, to compare the effect 
between abutment systems, the same composition screw 
was applied in all three groups. Therefore, CAD/CAM 
custom abutment did not follow the manufacturer recom-
mendations regarding screw selection. This made a tight 
fit between the abutment system and fixture but could 
cause misfit between the abutment system and screw, 
which can result in screw loosening. In the case of  CAD/
CAM abutment, an additional study with screws recom-
mended by manufacturers will be needed. 

All loss ratios of  removal torque before loading, 
removal torque after loading, and removal torque between 
before and after loading were the lowest in Group 1 fol-
lowed in order by Groups 2 and 3. There were no signifi-
cant differences between abutment systems. Therefore, 
Groups 3, 2 and 1 in order had a higher chance of  screw 
loosening but there was no significant difference.

This study had several limitations, such as the small 
specimen size and short-term loading condition. Only 
one CAD/CAM system was used but comparative 
research using various CAD/CAM systems can be per-
formed. 105 times was assumed to be a short term load 
for 1 month but screw loosening does not occur in such a 
short term. Therefore, a long term study of  screw loosen-
ing and the stability of  each abutment with a larger num-
ber of  samples and number of  loadings will be needed. A 
further study about the effect of  marginal adaptation and 
removal torque on screw loosening will be also valuable.

Conclusion

The abutment system (stock abutment, gold cast abut-
ment, CAD/CAM custom abutment) did not have a sig-
nificant impact on initial screw loosening. After a 105 time 
dynamic load, CAD/CAM custom abutment had an 
effect on initial screw loosening but stock abutment and 
gold cast abutment did not.

Influence of the implant abutment types and the dynamic loading on initial screw loosening
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