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The effects of implant surface roughness
and surgical technique on implant
fixation in an in vitro model
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Abstract

Objectives: The aim of the present study was to determine the relationship between
implant surface parameters, surgical approach and initial implant fixation.

Material and methods: Sixty tapered, conical, screw-shaped implants with machined or
etched surface topography were implanted into the explanted femoral condyle of goats.
The implant sites were prepared either by a conventional technique, by undersized
preparation, or by the osteotome technique. Peak insertion & removal torque, bone-
to-implant contacts (BIC) and morphological bone appearance were assessed by scanning
electron microscope (SEM) and micro-computer tomography. (micro-CT).

Results: Insertion and removal torque values were significantly higher for etched implants
inserted with the undersized technique (115.2 + 31.1, 102.9 + 36.4Ncm) respectively.
Also, the average BIC value was higher for the etched implants placed with the undersized
technique (87.5 + 5.6), which was statistically significant compared with machined and
etched implants inserted by conventional technique.

Conclusion: In conclusion, this study shows that the surgical technique has a decisive effect on
implant fixation (represented in this study by installation torque value/removal torque value and
histomorphometric evaluation) in trabecular bone. Nevertheless, additional in vivo studies have
to be done to prove the importance of surgical protocol for the final implant-bone response.

The final clinical success of oral implants
is determined by various implant and non-
implant-related parameters. Implant-re-
lated parameters are implant shape; im-
plant surface configuration and implant
surface composition. Non-implant-related
parameters are mainly dealing with the
skills of the surgeon, health condition of
the patient and final loading protocol of the
implant supported prosthetic construction
(Albrektsson et al. 1981). In view of this,
the goal of implant installation is to obtain
a good primary stability of the implant in
the alveolar jawbone. The establishment of
a mechanically stable interface between
the implant and bone prevents the devel-

opment of a fibrous tissue capsule. Subse-
quently, the implant surface parameters are
supposed to stimulate the bone cell reac-
tion resulting in an enhanced healing
response and improved implant-bone
contact (BIC). In view of this, there are
numerous reports that suggest a beneficial
effect of implant surface roughness on
implant healing and survival (Wennerberg
et al. 1997; Vercaigne et al. 2000a, 2000b;
Ogawa & Nishimura 2003). Nevertheless,
a recently performed systematic review
(Shalabi et al. 2005) dealing with surface
roughened implants in experimental
animal studies showed that the effect of
surface roughness on oral implant behavior




is not as straightforward as claimed. Con-
sidering that the surgical technique varies
between the different studies, the addi-
tional effect of surgery on the outcome of
a lot of experimental implant studies is
perhaps underestimated. This suggestion
is supported by two recent studies that
reported about 93-96% implant success
in bone of poor quality and density. In
these studies, the original Brinemark im-
plant design was used that was neither sur-
face roughened, oxidized, or coated with
hydroxyapatite (HA.] Only the surgical rou-
tine was changed in that one author pre-
ferred to avoid drilling for the full length of
the implant and the other drilled more
narrow holes than generally recommended
(Friberg et al. 1999; Bahat 2000|. Appar-
ently, such changes in surgical routine can
be of paramount importance for clinical
success. Still they do not rule out the
possibility that hardware alterations may
be of some significance as well (Albrektsson
2001). Therefore, because of the controver-
sial results of clinical data, it is currently
impossible to determine whether one parti-
cular implant is superior to another or if one
specific implant design has to be preferred
({Puchades-Roman et al. 2000; van Steen-
berghe et al. 2000; Gotfredsen & Karlsson
2001; Engquist et al. 2002; Astrand et al.
2004; Wennstrom et al. 2004).

To obtain a better insight into the above
mentioned contradictory data, we postu-
lated the hypothesis that surgical planning
and technique are one of the major para-
meters for the final implant-bone behavior
and are perhaps more important than im-
plant surface parameters, like roughness
and composition.

As part of a consecutive series of studies,
the purpose of this paper is to determine
the relationship between implant surface
parameters, surgical approach and initial
implant fixation. For this purpose, an
in vitro experiment was done in which
machined and roughened implants were
inserted in bone using different surgical
protocols. The mechanical fixation as well
as appearance of the implant-bone inter-
face was evaluated.

Material and methods

Implants
Sixty tapered, conical, screw-shaped dental
implants (Biocomp” Industries, Dordrecht,

Fig. 1. Machined and etched implants as used in the
study.

the Netherlands| were used. All implants
measured romm in length and had a
diameter of 4.6 mm (Fig. 1).

The implants were divided into two
groups with each a different surface rough-
ness, i.e. turned, machined and roughened
{by grit-blasting and additional acid etch-
ing). ‘

A Universal Surface Tester (UST", Inno-
wep GmbH, Wirzburg, Germany| was
used to characterize the surface topogra-
phies of the implants. This equipment
includes a diamond stylus, consisting of a
60° cone, which is moved across a surface
with a load of tomN. For the topographi-
cal analysis of the implants, the roughness
{R,) of the threaded area of three screws
from each group were selected at random
and measured.

Bone specimens

Drilling specimens were collected from the
femoral condyle of goats. This bone con-
sists mainly of trabecular bone with a thin
shell of cortical bone. The bone pieces were
obtained within 2 h of animal’s death and
stored on ice at 4°C during transportation
from the central animal facility to the
laboratory.

Implant installation
All bone preparations for implant installa-
tion were performed with a very gentle
surgical technique by using a dental drill
(KaVo EWL Dental GmbH, Biberach,
Germany| at a rotational speed of
2000rpm. The drill was fixed in a drill
standard with copious external cooling.
Three different surgical approaches were
applied for the installation of the implants:
Approach 1: apress fit technique (accord-
ing to the protocol of the manufacturer).
Drilling started with a rosen drill {diameter
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3mm), a lindemann drill (diameter 2.3 mm
for the tip] and pilot drll [diameter
2.55 mm). Subsequently, the hole was wi-
dened by a consecutive series of drills, i.e.
3.4, 4, and 4.6mm drill in diameter. In-
stallation of the implants was done using a
Digital” torque gauge instrument (MARK-
1o Corporation, New York, NY, USA) in
order to measure the in screw torque value.

Approach 2: an undersized preparation.
The same drilling sequence was used as for
approach 1, but now the final drill was
4mm in diameter. Subsequently, the
4.6mm implant was installed with the
torque instrument.

Approach 3: an undersized preparation
was made in combination with the use of a
spreader (or osteotome). The drilling was
up to a drill with a diameter of 2.55 mm.
Then, spreaders with a diameter of 3.4, 4,
and 4.6 mm were used for the further pre-
paration of the implant site. The length of
the spreaders was 1o mm and each spreader
was left for 1 min inside the preparation
before the next diameter was used. Finally,
the implant was installed manually with
the torque instrument.

Mechanical testing

Eight specimens of each implant type and
surgical approach were prepared to deter-
mine torque removal force. The torque-
measurement device detects and registers
the torque necessary to remove the im-
plant.

The specimens were placed on a support
jig for screw-out measurement. This sup-
port jig can be adapted in all directions, to
put a perpendicular force on the implant.
For the screw-out test, a slowly increasing
torque (displacement o.s mm/min} was
gradually applied to each implant until
loosening. When the peak force represent-
ing implant loosening was reached, the
torque-out procedure was finished.

Histological procedures and histomorpho-
metric evaluation

After implant insertion, two implants of
each approach and surface roughness were
fixed by immersion in 4% buffered forma-
lin. Then, these samples were dehydrated
in a graded series of ethanol and embedded
in methylmethacrylate. About 10-pm-
thick sections of the implants and sur-
rounding tissues were prepared using a
modified diamond blade sawing micro-
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