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L Introduction

In recent years, the use of osseointegrated implants has been popular in
single tooth restoration, and partially edentulous and fully edentulous
restoration. Regardless of the type of performed restoration, in most cases,
a screw connection is used between the abutment and implant. However,
implant abutment screw loosening has remained a problem in restorative

)

practicesl‘g. Abutment screw loosening was reported in large number of

studies and ranged from 2% to 45% of the abutment’ ®. Screw loosening
1s a recognized complication in implant restorations’ 7.

The maintenance of a screw joint is achieved when the clamping force
exerted by the screw exceeds the joint separating forces acting on the

2 To reduce the possibility of screw loosening, potential joint

assembly
separating forces should be minimized by optimal positioning and
angulation of the implants. Joint separating forces may exceed clamping
forces when implant assemblies are subject to non—axial loading because
of implant position or angulation, or excessive occlusal forces'”. Cantilever
designs may amplify forces on screw joints due to the lever effect and
should, when possible, be avoided'”.

Preload is the term given to the tension generated in the screw upon
tightening and is a direct determinant of clamping force. As the abutment
screw 1s torqued down, preload is generated within the screw, placing the

15,16 . . .
>19 " This is a function of

abutment/implant assembly under compression
the frictional forces in the mating threads and screw head, the
metallurgical properties of the screw, and the applied closing torquelﬁ).
Micromovement, component surface wear, and embedment relaxation
during functional loading may gradually erode the preload and cause

. . .. . 16,17)
progressive slippage and screw joint failure .

When torque is applied to new screws, energy is expended in smoothing



surface. After thread engagement, surface asperities are flattened and
additional input torque 1is applied toward elongation of the screw and
generation of preload. It is claimed that thread friction is higher on initial
closure, decreasing after repeated tightening and loosening cyclesw). The
process of screw loosening under clinical conditions, whether gradual or
sudden, has to overcome the tension in the tightened screw and friction
between the mating components.

When torque is applied to a new screw, about 90% of input torque is
used to overcome friction and only 10% to induce preload18>. For that
reason, a few manufactures had altered the surface of abutment screw to
reduce the friction coefficient and obtain the higher preloadm‘%). The
well-known abutment screws are Gold-Tite of 3i(3i® Implant Inovations,
INC., US.A.) and TorqgTite of Steri-Oss(Nobel Biocare AB, Sweden) and
WCC of Osstem(Osstem.Co.,Ltd., Korea).

Martin et al reported that Gold-Tite and TorqTite abutment screws with
enhanced surfaces helped reduce the friction coefficient, and generated
greater rotational angles and preload values than conventional screw”.
Drago reported that the use of Gold-Tite square abutment screws, torqued
to 32Ncm, maintained a stable abutment/implant connection that was
successful in clinical practice for one yearm).

Titanium nitride(TiN) coating is the most general and popular coating
method and wused to improve the properties of metallic surface for
industrial purposes. This coating layer of 2-3um thickness renders the
surface scratch—-proof and is considered to be clinically stable™. TiN is
used as a hard coating for metal cutting tools like drills and burs, and
forming tools such as dies and punches because it has high hardness, low
friction coefficient and good resistance to adhesive wear””, Additionally, it
has a golden appearance and is useful for ornamental purposes.

TiN coating has been applied to clinical dentistry since early times. The



clinical trials which coated crown, partial fixed denture and removable
prostheses made from casting dental alloy with TiN had been performed

by several dentists™ .

Kim et al reported that TiN coating of abutment
screw helped to reduce the risk of screw loosening and improved the
stability of screw joint23>. When TIN coating applied to the abutment
screw, frictional resistance would be decreased, as a results, the greater
preload and prevention of the screw loosening could be expected.
However, the proper thickness of TiN coating on abutment screw has not
been reported yet.

The purpose of this study was to evaluate the removal torque value and

surface change of titanium abutment screw with various TiN coating

thickness.



II. Materials and Methods

1. Materials

Thirty five non-coated GSII abutment screws(GSASR, Osstem.Co.Ltd.,
Korea) were prepared for TiN coating. They were randomly selected and
divied into 7 groups. According to coating deposition time(CDT),
experimental groups were divided into 6 groups: group A(CDT 30min),
group B(CDT 60min), group C(CDT 90min), group D(CDT 120min), group
E(CDT 150min), group F(CDT 180min). TiN was coated for the
specimens of 6 groups respectively, and those of 1 group(group G) was
not coated as a control group. Each group was made up of 5 abutment

screws(Fig. 1, Table 1).

Table 1. Classification of groups

Group Specimen No. Coating deposition time Applied torque
A 5 30 min 30Ncm
B 5 60 min 30Ncm
C 5 90 min 30Ncm
D 5 120 min 30Ncm
E 5 150 min 30Ncm
F 5 180 min 30Ncm
G 5 None 30Ncm

* : Control group

2. Methods

1) TiN coating using Arc ion plating

TiN coatings were produced by Arc ion plating on titanium abutment
screw. For controlling of coating thickness, each group had the variation
of coating deposition time, such as 30, 60, 90, 120, 150, and 180 minutes.
Temperature was supported to 350-380°C on purpose to increase adhesion

degree.



2) Mounting of implant fixtures

The implant fixtures used in this study were internal conical joint
design(GSII, with diameter 4mm and length 13mm, Osstem.Co.Ltd.,
Korea). Abutments for this experiment were GS Transfer Abutment(Hex
Standard, with diameter Smm and gingival height 3mm and abutment
height 5.5mm, Osstem.Co.Ltd., Korea). Thirty five pairs of implant
fixtures and abutments were selected respectively. One fixture, abutment
and abutment screw comprised a specimen. Each fixture was mounted in
liquid unsaturated polyester. The mounting media(Epovia, CrayValley Inc.
Korea) was a 2-part system made up resin and hardener. Two
components were mixed together and cured overnight after fixtures were

embedded. After mounting media was completely hardened, abutment was

connected to each fixture(Fig. 2).

l”\i | 14 |i

Fig. 1. Abutment screws used in Fig. 2. Fixture and abutment connection

this study(Osstem.Co.,Ltd., Korea)

3) Ultrasonic cleansing of specimens

Abutment screws were cleansed with alcohol and aceton in ultrasonic

cleaner (Branson 3510, Bransonic, USA) for 10 minutes.

4) FE-SEM and EDX investigation of thread surface on the abutment
screw

FE-SEM(Field Emission Scanning Electron Microscoper) was used to



observe change of thread surface of the abutment screw after repeated
closing and opening 10 trials. The thread surface of each abutment screw
was observed at 100 magnifications, and then screw crest, valley, and
slope were observed more detailed numerical value, at 1,000, 10,000,
100,000 and 500,000 magnifications.

For examining the changes of coating surface, we operated qualitative
analysis by EDX(Energy Dispersive X-ray Spectroscopy), when we
carried out repeated opening and closing at before and after.

Care was taken not to touch the thread surface of abutment screw for
avoidance of its contamination. The abutment screws were also cleansed
with an ultrasonic cleaner before taking photomicrographs.

5) Measurement of abutment screw weight

For comparison of bonding strength and wear resistance of various TiN
coating thickness on abutment screw, before and after closing and
opening, abutment screw weight was measured by electric scales(GENIUS
ME, Sartorius, Germany) up to 0.000001g level. Identical measurements
were repeatedly performed 10 times for each sample.

6) Measurement of detorque force

The implant mounted fixture blocks were fixed in the specially devised
specimen-holding apparatus before closing and opening (Fig. 3).

Each abutment was secured to the implant fixture by abutment screw
with recommended torque value(30Ncm) using finger screw driver(Hand
Driver, Osstem.Co.,Ltd., Korea) and torque wrench(TWMW,
Osstem.Co.,Ltd., Korea). Finger screw driver was used to fix the abutment
screw till thread mating components were slightly contact. After that,
torque wrench was used to tighten the screw to 30Ncm. It was used to
insure that an accurate and reproducible force was applied to each
abutment screw. The abutment screws were repeatedly tightened and

removed 10 trials. The number of trials included several try-in of



abutment screw up to final setting. One operator who had experienced
implant prosthetic restorations accomplished this operation. Sample with
abutment screw tightened was fixed in the customized jig for the
measurement of detorque force. Detorque forces were measured with

digital torque gauge(MGT 12®, Mark-10 Corp., US.A, Fig. 4).

Fig. 3. Specimen-holding apparatus Fig. 4. Digital torque gauge and

for measurement of detorque force measurement of detorque force

3. Statistical analysis

SPSS statistical software for Windows(Release 12.0, SPSS Inc., Chicago,
IL, US.A.) was used for statistical analysis. One-way ANOVA(Tukey
test; level of significance, P<0.05), independent t-test(level of significance,
P<0.05), and validity test of Microsoft Excel were used for the comparison
of the mean detorque forces and the tendency of detorque force change
measured from coating groups and uncoating group, between coating

groups.



III. Results

1. Coating surface investigation

1) Before repeated closing and opening

As the result of observing coating surface with 100 magnifications and
500,000 magnifications, uncoated surfaces of control group(group G)
showed somewhat rough surface, TiIN particles adhered to coated
experimental group surfaces. And, the more coating thickness was thick,
the better size of adhered TiN particles were increased at same
magnification(Fig. 5).

In a result of qualitative analysis of coating surface by using EDX, Ti,
Al, and V were detected in uncoated control group(group G), and those
were identified by Ti-6Al-4V alloy. In experimental group, Ti, Al, and V
were detected, TiN was additionally detected. Also, the more coating
thickness was thick, the better TiN particle amounts were increased, and

the less Ti, Al, and V detected amounts were decreased(Fig. 5).
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Fig. 5. FE-SEM micrographs & EDX showing coating surface of each
group before repeated closing and opening

(Left : x100, Right : x500,000, Below: EDX)



2) After repeated closing and opening

Comparing to before opening and closing, surface change on all groups
was not observed in low magnification FE-SEM. But in the high—-powered
FE-SEM analysis of Group A and Group G had noticeable changes in
screw threads after test. The separation of coated TiN was detected in
abutment screws of Group A, and Group G was revealed the wear surface
and scratches. When observed by high-powered FE-SEM, surface change
in other groups was not represented before and after opening and
closing(Fig. 6). In result of qualitative analysis of coating surface by
using EDX, surface ingredients did not have difference as comparing to

before opening and closing.

Group E Group F Group G

Fig. 6. FE-SEM micrographs showing coating surface of each group

after repeated closing and opening( x 500,000)

2. Measurement of abutment screw w eight
In result of measuring weight of abutment screw before and after opening
and closing, Group G represented the most remarkable weight change, and

Group A represented the most remarkable weight change among TiN

_10_



coated groups(Table. 2).

Table. 2. The mean abutment screw weight (Unit : g)
Before After Difference
Group A 0.125432+0.000019 0.125420+0.000012 0.000012+0.000016
Group B 0.125940+0.000089 0.125920+0.000045 0.000020+0.000084
Group C 0.125912+0.000013 0.125908+0.000016 0.000004+0.000006
Group D 0.122552+0.000015 0.122540+0.000010 0.000012+0.000022
Group E  0.125808+0.000011 0.125808+0.000009 0.000000+0.000010
Group F 0.126018+0.000008 0.128010+0.000007 0.000008+0.000015
Group G 0.125582+0.000008 0.125456+0.000011 0.000076+0.000011

3. Measurement of detorque force

Table 3. show the mean detorque forces of each trial. Group B had a
higher mean detorque force than other groups. TiN coating groups showed
higher detorque force than group G. All groups had a increasing tendency
of detorque force as the closing and opening were repeated by 3rd or 4th
trial. And, When we repeated the number of trials after 3rd or 4th trial,
detorque forces showed decreased tendency. In 3rd or 4th trial, all groups
had maximal mean detorque force(Fig. 7).

There was a statistically significant difference between Group B and
Group G(P<0.05, independent t-test). In the comparison of mean detorque
force from 1st trial to 10th trial, there was statistically significant
difference Group B and Group G(P<0.05, One-way ANOVA). About
maximal value, minimal value, and all trial detorque forces, Group B was
higher than Group G. After 4th trial, two groups revealed declining
tendency of mean detorque forces, and Group G was steeper than Group
B on slope of declining tendency. In coating groups, such as Group A, B,
C, D, E, and F, though every absolute mean detorque force was different,

the tendency of detorque force transition was almost similar. There was a

statistically significant difference between Group F and Group G(P<0.05,

_‘I‘I_



independent t-test ). Although maximal detorque force of Group F was
almost same to Group G, general tendency of detorque force change was
very different. Additionally, the mean detorque forces between Group F

and Group G except for 4th trial represented considerable large difference.

Table. 3. The mean detorque force of each group (Unit : Ncm)

Trial Group A Group B Group C Group D Group E Group F Group G
26.26 27.06 26.6 25.92 25.32 24.84 24.1
26.46 27.46 26.8 26 25.58 25.04 24.3
26.66 28.08 27.16 26.22 25.78 25.26 25.02
26.52 28.4 27.22 26.16 25.7 25.3 25.24
26.42 28 26.9 25.82 25.38 25.02 24.54
26.16 27.74 26.66 25.66 25.24 24.66 24.36
25.88 27.34 26.48 25.5 25.04 24.46 23.88
25.58 27.18 26.3 25.24 24.82 24.16 23.36
25.44 26.98 26.06 25.14 24.62 23.92 22.84
25.2 26.9 25.88 24.94 24.44 23.66 22.48
Mean 26.06 27.51 26.61 25.66 25.19 24.63 24.01
SD +0.51 +0.52 +(.44 +(.44 +0.45 +0.57 +0.89

S ©o0 o0 W

29

> <I/./-/.\-\-\-\5-,<r

27 y —&o— Group A
[0
O 26 % —-—Group B
% o5 \ 3 Group C
> 04 Group D
S \ —%— Group E
8 23 ‘|\+ —8— Group F

22 +— Group G

21

20

Trial

Fig. 7. Comparison with mean detorque force of each group
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IV. Discussion

The prevalent method to reduce the screw loosening is the application of
dry lubricant coating on abutment screw’”. The purpose of lubricant is to
reduce a frictional coefficient and obtain a higher preload. The need for
coating with lubricant has long since introduced.

When titanium slides in contact with other metals of similar hardness,
the friction coefficient is initially fairly low. However, the values of
friction coefficient gradually increase to that for titanium against titanium,
as tightening and loosening are repeatedly performed. Abkowitz et al
found this increase in the frictional coefficient to be attributable to the

galling and seizing tendency of titanium™’ .

TiN film has low friction
coefficient, high hardness and good wear resistance. Considering these
properties of TiN coating, it seems to be an alternative coating method
according to result. Koo et al operated TiN coating to abutment screws
and examined those surface characteristics. As a result, abutment screws
revealed salient improvement of mechanical propertiesw. Also, Kim
reported that titanium abutment screw coated with TiN scored a higher
mean detorque value than titanium abutment screw” .

Researching about proper TiN coating thickness, Lee operated various
thickness TiN coating to titanium alloy disk and examined on that
mechanical property. In result of that study, he reported that when
CDT(coating deposition time) was 30min, coating thickness was 0.5um,
CDT 60min was 1.05, CDT 90min was 1.32, CDT 120min was 1.40, CDT
150min was 1.72, CDT 180min was 2.10 and coating thickness was thicker
than 2um for abutment screw had homogeneous and smooth coating

surface and the high—quality mechanical property28>.

However, we
considered that Lee's study had limitation of experiment as not
mechanical property of abutment screw but that of disk. Therefore, the

purpose of this study was to investigate the removal torque value and

_13_



surface change of titanium abutment screw of various TiN coating

thickness.

1. Coating surface investigation

According to researchers including Mezger, TiN coating was good
properties on wear-resistance, corrosion-resistance, and surface hardness™
But, researchers mentioned that coating film had need of homogeneity and
consistency because defect of coating surface such as pores or
micro-cracks were observed.

When clamping torque force was applied to micro-roughness screw, the
points of loading application over vyield strength generated and plastic
deformation happened at these points.

Settling effect, is the phenomenon that early contact area of surface was
deformed and flattened at the points of loading application over yield

" Plastic deformation happened until contact area that can be

strength
stabilize screw, and if the whole settling effect was larger than elastic
extension of screw, then loading applied points of threads could not seize
screw. Consequently, the loosening of screw occurred™. Sakaguchi et al,
they reported that 2-10% preload disappeared by the influence of settling
effect’™. Binon et al, reported that the intensity of settling effect was
controled by early surface roughness, surface hardness, and applied
force'”. The less roughness of coating surface was, the less settling effect
happened. Consistent and smooth coating surface was needed for
decreasing of screw loosening possibility.

In this study, when we observed abutment screw surface, especially
upper 3-4 screw threads, according to Sopwith study the length of screw
only performed secondary role for screw fixation on technological aspect,

and he suggested that about 3-4 screw threads was enough to fix upper

structure tightgm. In the result of observing abutment screw surface before

_14_



opening and closing, we observed Arc ion plating TiN film surface by use
of FE-SEM, Group G surfaces represented traces that happened on
grinding process, other coated groups were observed relative consistent
and smooth surfaces. And, the more coating thickness was thick, the
better size of adhered TiN particles were increased at same magnification.
As the result of EDX ingredients analysis, TiN ingredients were increased
by getting along coating time. This fact represented that surface—attached
TiN ingredients were increased as coating time was increased. When
analyzed ingredients by EDX, TiN proportion beyond certain thickness
level was observed equally by depth limitation that incident beam from
FE-SEM could collide.

When surface of TiN coated abutment screw was observed after opening
and closing, as the result, abutment screws coated with TiN over 60
minutes did not have surface change, and the exfoliation of TiN coating
was observed at Group A. In process of the repeated opening and closing
of abutment screw, for preventing coating layer from exfoliating easily,
adhesion strength should be high, and abutment screw needed to be
coated for 60 minutes. After opening and closing, The difference of EDX
value was not revealed as comparing to before opening and closing.
According to this result, it is considered that repeated opening and closing
did not affect the ingredient composition change of coating surface.

On the basis of this result, when abutment screw was coated with TiN,
if you want abutment screw to be homogeneity and consistency and to
minimize the plastic deformation of TiN coating surface at repeated
opening and closing, abutment screw needed to be coated with TiN for 60
minutes. And clinically, it is considered that further studies about

quantitative numerical value of proper adhesion strength was needed.

_15_



2. Measurement of abutment screw w eight

If coated materials of abutment screw had the low abrasion resistance,
plastic deformation happened easily, and the abrasion or exfoliation of
coating film was occurred. Also this result can cause screw tightening
problem. Finally, coating material of abutment screw had to be great in
abrasion resistance, therefore the minimization of screw loosening can be
accomplished.

Abrasion resistance was not directly measured on abutment screw
because size of screw is too small and shape is winding. Thus, this study
evaluated the abrasion resistance as comparing with changes of abutment
screw weight at before and after opening and closing.

As shown in Table. 2, the reduction of weight at before and after
opening and closing was remarkable in Group A and Group G, there was
a statistically significant difference between all groups(P>0.05, One-way
ANOVA). However, weight difference was very small. Therefore,
abutment screw needed minimal coating time over 60 minutes for

decreasing of abutment screw abrasion at repeated opening and closing.

3. Measurement of detorque force

In all groups, detorque force value up to 3rd or 4th trial represented
increasing tendency, and detorque force value represented declining
tendency from 3rd or 4th trial to 10 trial. The reason that detorque force
represented these tendency was settling effect, mechanical or adhesive
wear. The reason of increasing tendency of detorque force was that
irregularity between fixture surface and coating surface was gradually
decreased by settling effect. From 3rd or 4th trial to 10 trial, the reason
of declining tendency was that friction between screw surface and fixture
surface was increased, and that detorque force was consequently decreased

)

. . 33
because preload was decreased by adhesive or mechanical wear™. In
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analysis of the tendency of detorque force transition, the point we having
in mind was that settling effect and adhesive wear were not independent
phenomenons. Two effects simultaneously acted like two sides of the
same coin, but these detorque force tendency was revealed because each
effect differently affected to surface from range to range. The influence of
settling effect was more remarkable up to 3rd or 4th trial, influence of
adhesive or mechanical wear was more remarkable from 3rd or 4th trial
to 10 trial. Also, especially settling effect affected to show the maximal
detorque force at 3rd or 4th trial.

There was a statistically significant difference between Group F and
Group G(P<0.05, independent t-test). In every trial, detorque forces of
Group F were higher than Group G detorque forces, and also in tendency
of detorque force change Group F was more gentle. This result
represented that TiN coated abutment screw was better than raw titanium
abutment screw on every aspect34).

As coating to abutment screw with TiN of low friction coefficient and
good hardness, it is considered that detorque force was increased and
loosening of abutment screw was decreased. According to studies of
researchers including Lee, those studies suggested that TiN coating
thickness of proper mechanical properties was over 2um28). But in actual
fact, Group B(1.05um) represented the highest average detorque force when
researched detorque force on abutment screw at repeated opening and
closing.

There were several potential limitations to this study. The specimens
were randomly selected and tested by one researcher. The number of
sample was a few and the friction coefficient could not be found because
size of screw was too small and shape was winding.

TiN coating had influence on detorque force, tightening-turning angle,

and clamping force. However, This study didn’t measure compression
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force and tightening-turning angle. In this study, we assumed that setting
value of torque-generating device was always 30Ncm. But the force
generated by torque-generating device might be not regulargs). The
possibility generating this error was passed over on process of this study.
Therefore, these factors could make the errors of experimental data.
Finally, test was performed under only repeated closing and opening

without occlusal loading.
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V. Conclusion

In this study, for determining on proper TiN coating thickness when
TiN coating applied to abutment screw, we used implant system having
internal conical type between implant and abutment connection joint. After
various TiN thickness was coated to titanium abutment screw, surface
change and detorque force of abutment screw was measured for
evaluating proper coating thickness at repeated opening and closing.

According to this study result, we obtained the following conclusions.

1. The more coating deposition time increased, the more surface became

consistent and smooth.

2. In abutment screw TiN coated over 60 minutes, surface change

was not founded after repeated opening and closing.

3. In abutment screw coated over 60 minutes, little weight change was

founded between before and after repeated opening and closing.

4. The TiN coated abutment screw was better than non-coated abutment
screw on the mean detorque value. In TiN coated groups, abutment
screw must be coated during 60 minutes for accomplishing maximal

detorque force and gentle declining tendency of mean detorque force.

For obtaining consistent and smooth coating surface, resisting abrasion at
repeated opening and closing of screw, and increasing detorque force,
coating layer of proper thickness was demanded. Conclusively, when
titanium abutment screw was coated with TiN, thickness of Group B
condition represented the distinguished improvement of mechanical

property. This fact is considered that we can improve screw loosening
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problem as TiN coating of implant abutment screw.
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