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An abutment screw loosening study of a Diamond Like
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suUMMARY The aim of this study was to quantify the
extent of abutment screw loosening and thus
understand the role of frictional and wear factors
in abutment screw loosening by using a cyclic
loading device to compare Diamond Like Carbon
(DLC)-coated and non-coated implants. The prop-
erties of DLC films, including hardness, wear resist-
ance, chemical stability, and biocompatibility, are
similar to those of real diamond materials. In this
study, a 1-pm thick DLC film served to protect and
lubricate a layer of commercially-pure titanium
affixed to the top of a dental implant (external
hexagon-shaped implant). A cyclic loading force was
then applied to the top of the prosthetic portion of
the implants in order to determine the difference in

looseness of the titanium abutment screw between
ten DLC-coated
implants. The abutment screw loosening tests were
performed with 100 N of force at a frequency of
20 Hz. Data indicate that implants with a DLC
coating are more resistant to an applied force
(P = 0-002) than are those without the coating. We
hope these results will be useful for preventing

implants and ten non-coated

implant abutment screw loosening.
implant,
screw loosening, Diamond Like Carbon, cyclic load-
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Introduction

In recent decades, dental implants have been increas-
ingly used for edentulous patients. Various problems
have arisen with this approach, and, in particular, there
is potential for the prosthesis to loosen in single tooth
restorations employing screw-retained implants (1).
Consequently, several anti-rotational features have
been developed to prevent screw loosening.

For the continuing use of an implant, it is import-
ant that the contact surface of the implant and the
opposing bearing surface of the abutment remain
stable throughout the life of the prosthesis. The
preload stress achieved in the screw tightening pro-
cedure is also a critical factor in abutment screw
loosening (2). Apart from the preload stress achieved
in screw tightening, the stability of a screw joint is
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believed to be a function of the geometry of the
the contact between the screw head and
the abutment screw bore, the material construction
of the implant, and the friction between the various
implant parts (2, 3). Among these factors, the present
study focused on friction, particularly at the top of
the implants, as a cause of screw loosening.

Materials with special characteristics, in particular
those that are lightweight, strong, durable and resistant
to wear, are very useful as anti-frictional agents. From a
medical-mechanical perspective, several such materials
exist: titanium alloys (TigAl4V),
(Al,03), and composites such as TiN coating on graph-
ite. These intriguing materials present several draw-
backs in dental applications, however, and have thus
motivated a great deal of work aimed at improving the
properties of more traditional biomaterials.

screw,

alumina ceramics
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Dentistry, and especially implants and removable
appliance frameworks, have seen frequent uses for
titanium as a biomaterial because it forms an electric-
ally- and chemically-inert passivated layer on the
surface of the bone and has good biocompatibility with
same (4). In the oral environment, however, commer-
cially-pure (c.p.) titanium has inferior qualities in terms
of hardness, either when mechanically-irritated or
upon accumulation of plaque. To avoid this problem,
titanium is generally coated with a nitride or epoxy,
and these coatings do have some success in preventing
biodegradation (5, 6). Diamond Like Carbon (DLC) or a
crystalline diamond coating can also be used to increase
the wear resistance of, among other materials, titanium
(7).

A DLC film has properties similar to those of real
diamond, including hardness, wear resistance, and
chemical stability (8). Moreover, low friction resistance
and excellent wear resistance make DLC one of the best
materials for use as a protectant and lubricant. Such
applications have been found in computer hard disks,
VCR head drums, and some friction-bearing materials.
Among the many favourable properties of DLC films,
the most valuable for dentistry is its similar biocompat-
ibility to titanium and 316 stainless steel (8).

Before DLC can be accepted into common use,
however, the stability of the prosthesis containing this
film must be prudently and thoroughly evaluated in
clinical as well as laboratory trials (9). Accordingly, our
study aimed to evaluate the effectiveness of a DLC
coating on the top of an implant’s external hexagon
when subjected to cyclic loading.

Materials and methods

DLC coating

Twenty self-tapping external hexagon type implants
(3-75 x 13 mm, ASTM Grade 3 CPT)* were divided into
two groups of 10 implants each. Ten implants were
used as controls and the other 10 implants were used as
experimental group with the DLC coating. One implant
and one abutment comprised a specimen. For simpli-
city, the abutment was made from the same materials
as the implant (ASTM Grade 3 titanium) and then
shaped into cylindrical form by milling procedures
(Fig. 1).

*Soomin Synthesis Dental Materials Co., Busan, Korea.
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Fig. 1. Diagram of implant-abutment test assembly. A non-
segmental type of abutment was used.

These custom cylindrical, non-segmental (UCLA
type) abutments, 15 mm long with a diameter of
10 mm, replicated the prosthetic element. The abut-
ments had a mean rotational tolerance (misfit) of 3-5°
(Fig. 2). Before tightening the abutment onto the
implant with the abutment screw, a DLC coating was
deposited onto the experimental group implants.

Silicone-incorporated DLC films 1 um thick were
deposited on top of the 10 dental implants (Fig. 3) by
13-56 MHz radio-frequency plasma-assisted chemical
vapour deposition (RF PACVD). Briefly, the dental
implant underwent the usual wet cleansing procedures
prior to coating and was then set on the coating
framework that had been designed to expose only the
top surface of the implant. The exposed surface was also
dry cleansed, using Ar plasma at 3-5 mTorr and a bias
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Fig. 2. Rotational misfit of implants. Horizontal cross-sectional
view of the hexagon-to-hexagon and abutment-to-implant rela-
tionships. The abutment-implant hexagonal relationship was
measured as the degree of rotation.

DLC coating surface

Fig. 3. Diamond Like Carbon (DLC) coating surface. Arrows
indicate the surface of the implant receiving the DLC coating.

voltage of =400 V for 15 min, prior to coating. After all
of these cleansing procedures, a 500-nm thick adhesive
silicone layer was applied at a bias voltage of =200 V
and deposition pressure of 20 mTorr in silane (10%) gas
diluted with hydrogen gas. The DLC films were coated
over this adhesive silicone layer, at 10 mTorr and a bias

voltage of =500 V, to a thickness of 1 pm over the top of
the dental implants.

Abutment screw loosening test

The recommended tightening torque, 30 N, was applied
to each abutment screw with a torque controller!. The
abutment screws used in this study were the standard
ASTM titanium grade 3 abutment screws®. A custom-
built cyclic loading machine was used, and each sample
was subjected to a vertical reciprocal movement on the
upper lateral point through a 2-mm diameter stylus.
The implants for this study were embedded to the neck
position in an acrylic resin (Ortho-Jet Acrylic)$ prior to
tightening the abutments.

The cyclic loading machine applied 100 N of vertical
force at a frequency of 20 Hz to the upper lateral
portion of the implant prosthesis until the abutment
screws loosened. The cyclic loading machine had a non-
contacting displacement sensor (HPT-150)" that began
each trial with a gap of 0-7 mm between the lateral wall
of the implant prosthesis and the tip of the sensor.
When the 0-7-mm gap was closed, on account of the
looseness of the prosthesis because of abutment screw
loosening, the cyclic loading procedure automatically
stopped and the number of cyclic loadings recorded.
After these procedures, the specimens were examined
with Scanning Electrone Microscope (S-4700)**.

Statistic analysis for this study consisted of #-test and
Mann-Whitney test, with P < 0-05 taken as statistically
significant.

Results

With a force of 100 N and frequency of 20 Hz, the
abutment screw loosening tests were conducted for all
DLC-coated and non-coated implants. These data were
then compared. One implant in each group suffered a
screw fracture before the loosening test could be
performed; thus, a total of 18 implants are listed in
the results of this study. The data exhibit a significant
difference in abutment screw loosening between the
coated and non-coated implants. At statistically signi-

*3i, Palm Beach Gardens, FL, USA.

*Soomin Synthesis Dental Materials Co., Seoul, Korea.
SLang Dental Inc., Wheeting, IL, USA.

ICapacitec. Inc., Ayer, MA, USA.

**Hitachi, Hitachinaka, Japan.
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Table 1. Abutment screw loosening for Diamond Like Carbon
(DLC)-coated and non-coated groups

DLC coating No coating

implant Loosening Implant Loosening
number (cycling number) number (cycling number)
1 46 901 1 14 470
2 16 459 2 8223
3 10 847 3 3846
4 37 964 4 2118
5 25795 5 5954
6 4000 6 1376
7 16 567 7 4180
8 15 740 8 496
9 28 556 9 3856

Loosening is reported as the number of loading cycles leading to
abutment screw loosening.

Table 2. Statistical analysis of the Diamond Like Carbon (DLC)
coating and non-coating groups

P-values

Mann-Whitney

Group n Mean s.d. t-Test test

No coating 9 494656
DLC coating 9 22536:56

4271-87 0-004
13589-97

0-002

These data from the screw loosening test indicate that implants
with a DLC coating are more resistant to an applied force
(P = 0-:002) than are the non-coated implants.

ficant levels, the implants of the DLC-coating group
were more resistant to screw loosening at the force
tested here (Tables 1 and 2).

In view of scanning electron microscope of a DLC
coated and non coated titanium implant after cyclic
loading, the titanium surface is more rough and less
resistant than the DLC surface before and after cyclic
loading (Fig. 4a,b).

Discussion

A common complication of single or multiple tooth
implant restorations is abutment screw loosening (10).
Many attempts have been made to overcome this
problem by incorporating anti-rotational and other
screw design variations. Lang et al. (11) suggest that
the hexagon-to-hexagon orientation, measured as the
rotational fit on all abutment systems, was less than the
5° needed for optimal screw joint stability. In this study,
the mean value of the rotational fit was approximately

»x10.0k

x10.0k

Fig. 4. (a) Scanning electron microscopic view of a non-coated
titanium implant after cyclic loading (x10 000). (b) Scanning
electron microscopic view of a Diamond Like Carbon (DLC) coated
titanium implant after cyclic loading (x10 000). The titanium
surface is more rough than the DLC surface before and after cyclic
loading.

3-5° in each group, yet the joint stability of the implants
was considered stable.

Screw joint failure occurs in two stages. The first
stage comes from an external functional loading that
gradually leads to erosion of the pre-load in the screw
joint. Any force that causes slippage between the
threads releases this stress, and the pre-load becomes
evermore diminished (2). It stands to reason that
greater frictional forces between the threads require
greater external forces for loosening, and this has
indeed been exploited as one approach to addressing
the problem of screw loosening. Nevertheless, the
external load is capable of rapidly eroding whatever
preload remains, resulting in micro-movement and
subsequent screw loosening.

© 2005 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 32; 346-350
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The pre-load, precision of fit between the two
hexagons, and potential for slippage can also all
influence joint stability. In this study, the DLC coating
was shown to cause some slippage between the top of
the implant and the prosthetic abutment. The DLC
layer’s lower frictional coefficient than that of pure
titanium, and the very hardness of the DLC layer,
however, provided some benefit in preventing defor-
mation of the top of the implant. There were observed
differences between the two study groups.

Balfour and O’Brien (1) reported that for a lateral
force applied to the abutment area of implants inclu-
ding an external hexagon (0-7 mm), internal octagon,
and internal hexagon, the external hexagon implants
exhibited the lowest joint failure value. Additionally,
the failure mode of the external hexagon implants was
exclusive to the physical connection between prosthesis
and implants, signifying that the implants could not be
restored. The implants’ prosthetic connections were
also abraded and deformed after the tests of our study.
This type of failure is attributable to c.p. titanium
implants” soft intrinsic material properties and to their
shorter external hexagon prosthetic connections. The
DLC film behaved as a protective layer against abrasion
or erosion and prevented deformation of the top of the
implants as compared with those of the non-coated
samples.

The DLC coating on the c.p. titanium surface effect-
ively increases wear resistance. Indeed, the wear
resistance of the 1-um DLC layer was much higher in
the wear test than was that of the non-coated titanium
surface. The superior wear resistance characteristics of
the surface were maintained until the DLC layer had
worn off. Complementing this wear resistance property,
the DLC layer has a peculiarly low friction coefficient,
0-2, that is 50% lower than the friction coefficient of
pure titanium (0-4-0-6) (12). The high wear resistance
and low friction coefficient suggest that a DLC coating
can be used in areas of high abrasion. It can, for
example, be used in a centrifugal blood pump or
ventricular assist device during heart surgery. In these
instances, the characteristically low friction coefficient,
high wear resistance, and high biocompatibility of DLC
are very useful (7, 13).

In the present study, the abutment screw loosening
between the DLC-coated and non-coated groups
showed several differences. Most significantly, the
DLC-coated group showed more resistance to screw
loosening. The effectiveness of the DLC coating has

some relationship to its mechanism of settling on the
titanium surface. It may also be due to several other
factors, including but not limited to a wedge effect.
Further research is most certainly needed so as to
broaden understanding of the characteristics of
screwloosening on various single tooth implant designs.
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