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A study in dogs
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Implant sites with low bone content have exhibited lower implant survival rates than dense

bone areas. Alterations of the implant surface seem to influence the bone-to-implant

contact rate and may have an impact on implant failure rates in such sites. It was the

objective of this animal study to histomorphometrically compare two different implant
surfaces in so-called poor bone quality sites. All premolars on one side of the mandible were
extracted in five fox hounds. After a healing time of 8 months, four screw-type implants
(two with a machined surface (ICE group) and two with a double acid-etched (Osseotite™)
surface (OSS group)) were inserted into the mandible. Upon insertion, the implant apex was
located in the 'hollow’ part of the dog mandible, where the bone content is low. After 4

months healing, histomorphometric evaluations were performed. All implants
osseointegrated clinically and histologically. Periapical density measurements revealed
similar bone contents in both groups (ICE 49.9+16.7%, OSS 52.2+8.4%; P>0.05). Despite
these similar amounts of bone content in the apical area around the implant, the Osseotite™

implant surface had a significantly higher bone-to-implant contact rate than the machined
surface (0SS 62.9+12.4%, ICE 39.5+13.0%; P<0.01). It is concluded from this animal

experiment that, in poor bone quality sites, an implant with an Osseotite

®

surface can

achieve a significantly higher bone-to-implant contact compared to a machined surface.

Implant sites with so-called poor bone
quality have been associated with lower
implant success rates (Friberg et al. 19971;
Jaffin & Berman 1991; Truhlar et al. 1994;
Jemt & Lekholm 1995). This clinical
observation has been presumed to reflect a
lower bone content and a lower bone-to-
implant contact (BIC) rate due to the highly
cancellous structure of these sites (Devlin
et al. 1998; Trisi et al. 1999). Clinical
recommendations for such areas were to
allow for longer healing periods (Adell et al.
1985) so as not to further compromise the
long-term implant success rates.

Since most of these observations have
been made in implants with machined
surfaces, questions were raised as to
whether alterations in implant surface

morphology would increase the BIC in
general, and thus clinical success rates,
too. Histological studies in animals and
humans were indeed able to demonstrate a
higher BIC in implants with a roughened
surface compared to a machined surface
(Buser et al. 1991; Weinlinder et al. 1992;
Gotfredsen et al. 1995; Wennerberg et al.
1995; Gottlander et al. 1997; Lazzara et al.
1999; Cordioli et al. 2000; Ivanoff et al.
2001). Moreover, short-term success rates
with rough surface implants seem to be
higher in areas with low bone content
compared to machined-surface implants
(Drago 1992; Olsson et al. 1995; Friberg
et al. 1997; Sullivan et al. 1997; Cochran
1999; Davarpanah et al. 2001; Testori et al.
2001).
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It was the aim of this study in the dog
mandible to further compare BIC rates of
two different implant surfaces (machined
vs. Osseotite™) in sites with a low preex-
isting bone content.

Material and methods

This study was approved by the Animal
Welfare Committee of the University of
Texas at Houston, Health Science Center
and conducted according to the guidelines
of the Animal Welfare Act and the Public
Health Service Guide for the Care and Use
of Laboratory Animals.

General anesthesia in the dogs was
induced by pentothal i.v. (15-17 mg/kg)
and maintained by gas intubation with 1.5—
2 vol% isoflurane. A local injection of
lidocaine 2% with epinephrine 1 : 50,000
into the surgical areas was used to reduce
intrasurgical hemorrhage. Postsurgically
the anesthetic agents ibuprofen p.o.
(tomg/kg) and buprenorphine s.c. (0.01—
0.02 mg/kg) were administered.

In five adult female foxhound dogs, all
premolars (P1-P4) on one side of the
mandible were carefully extracted. This
was accomplished after bucco-lingual sec-
tioning the crowns and roots of P2, P3 and
P4. After a healing period of 8 months, a
crestal incision was made in the edentulous
area, and buccal and lingual mucoperiosteal
flaps were raised. Osteotomies were per-
formed according to the implant manufac-
turer’s guidelines. Two machined screw-
type titanium implants (ICE, Implant
Innovations, Inc., Palm Beach Gardens,
FL, USA; ICE group) and two double acid-
etched screw-type titanium implants (Os-
seotite™, Implant Innovations, Inc., Palm
Beach Gardens, FL, USA; OSS group) with
a diameter of 3.75mm and a length of
romm were inserted. Same surfaced im-
plants were positioned next to each other,
and located alternatively either in the
mesial or the distal half of the edentulous
area. Cover screws were installed on top of
the implants (Fig. 1), and the flaps were
closed with horizontal mattress and inter-
rupted sutures (Gore-Tex® Suture CV-6,
W.L. Gore & Associates, Flagstaff, AZ,
USA) to submerge the implants comple-
tely. Until suture removal after 10 days,
the surgical sites were sprayed with chlor-
hexidine digluconate 0.2% five times a
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Fig. 1. Four screw-type implants (two with machined surface and two with double acid-etched surface) were
inserted into the edentulous area. Implants with the same surface were placed next to each other.

week, and thereafter three times a week
until the end of the experiment.

Following a healing period of 4 months,
the animals were sacrificed by exsanguina-
tion. After a carotid artery cut-down
procedure, the heads of the animals were
perfused with 10% neutrally buffered for-
malin. The block-resected, implant-con-
taining parts
embedded in light-cured composite materi-
al (Technovit 7200 VLC®, Kulzer & Co.
GmbH, Friedrichsdorf, Germany), and two
to three sections of the center of the
implant were cut in the bucco-lingual
direction and ground to a thickness of
30um according to the method of Donath
& Breuner (1982). Subsequently, the sec-

of the mandible were

tions were stained with toluidine blue
solution.

The histologic and histomorphometric
evaluation was performed with the aid of a
light microscope equipped with a video-TV
camera and coupled to a personal computer.
The computer program Image-Pro Plus
(Media Cybernetics, Inc., Del Mar, CA,
USA) was used to perform the analysis.

The following parameters were assessed:

1. BIC rate in an area of low bone content:
The apical part of the implant, i.e. the
part of the implant that was located in
the hollow part of the mandible, was
traced to determine its total length.
Tracing was started on one side of the
implant at the point where the vent
structure started to become visible. It
was continued in an apical direction
around the implant apex and ended at
the same height level as on the opposite
side. This corresponded to the apical
3.smm of the total implant length of
1omm. Direct contact between miner-
alized bone tissue and the implant sur-
face along this distance was expressed as
a percentage of the total apical implant
length traced.

2. Bone density in an area of low bone

content: At a lateral distance of 1 mm
from the implant surface, two squares of
1mm?” each were placed next to the
implant in the host bone (one on the
buccal and one on the lingual side). The



apical sides of the squares were level
with the apical border of the implant.
The area occupied by mineralized bone
tissue within these squares was ex-
pressed as a percentage of the total
square area. The mean of the buccal
and lingual square was calculated.

The measurements of each section were
averaged to obtain mean values for each of
the four implants per dog. Implants with
the same surface were further averaged in
each dog, which produced two means per
dog: one for the smooth surface and one for
the rough surface. The dog was chosen as
the statistical unit, and the paired Student’s
t-test was used to detect differences be-
tween the two treatment groups.

Results
Histological observations

All implants in both the ICE and OSS
groups were histologically osseointegrated
without any signs of inflammation or
connective tissue interposition at the
bone-implant interface.

Implant sections of the ICE group
showed a high BIC in the areas of high
bone content, i.e. in the coronal and
intermediate thirds of the implant where
the buccal and lingual compact bone plates
were engaged. The apical third of the
implant was located in the hollow part of
the mandible above the nerve and vessel
bundles where bone trabeculae were scarce.
BIC was infrequent and mostly limited to
areas where bone trabeculae were in con-
tact with parts of the implant (Fig. 2).

Implant sections of the OSS group
exhibited similar features as the ICE group,
with the exception of a more continuous
BIC in the apical region of the implant.
Even in areas where bone trabeculae were
not nearby, BIC was frequently observed
(Fig. 3). A continuous line of newly formed
bone was often noted surrounding major
parts of the implant apex. Such continuous
linings with new bone were also visible in
invaginated areas of the implant such as the
vent (Fig. 4).

Histomorphometrical measurements
The results of the BIC rates and bone

density measurements can be seen in
Table 1. The percentage of bone in the area
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Fig. 2. Overview section of an implant of the ICE group. The BIC is high where the implant engages the buccal

and lingual bone plates whereas the BIC around the implant apex is more infrequent and limited to areas where
bone trabeculae contact the implant. Toluidine blue. Bar equals 1 mm.

around the implant apex was approxi-
mately 50% with no significant differences
between the two groups (P=0.78). There
was a difference of 23% in BIC rates
between the ICE and OSS groups, which
corresponds to an increase by more than
50% in the OSS group compared to the ICE
group (P<o.01).

Discussion

The results of this animal study demon-
strate a significantly higher BIC rate in
areas of low bone content if implants with
® surface are used compared to
machined-surface implants.

The fact that implants with an acid-
etched surface have a high BIC rate has long

been known. Buser et al. (1991) have

an Osseotite

shown that, after 3 and 6 weeks of healing
in the miniature pig, the BIC rate was
significantly better in implants with a

sandblasted and acid-etched surface com-
pared to a smooth (electropolished) implant
surface. Later studies confirmed this ob-
servation for implants with a double acid-
etched surface (Cordioli et al. 2000). How-
ever, it was not until recently that the
attention of surface research started focuss-
ing on areas where long-term success rates
of implants have been lower. Lazzara et al.
(1999) were able to demonstrate histomor-
phometrically a significantly higher BIC
rate after 6 months in the posterior maxilla
of humans when a double acid-etched
surface (73 % BIC rate) was used as opposed
to a machined surface (34 %). Their results
compare favorably with our results. How-
ever, it has to be mentioned that due to the
low number of animals (n = 5) in our study,
interpretations of the results should be
made carefully.

In general, implants seem to have lower
survival rates in areas with low bone
content as compared to areas with dense
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Fig. 3. Overview section of an implant of the OSS group. The BIC is high all
around the implant and shows a continuous BIC even in the apical area.

Toluidine blue. Bar equals 1 mm.

0.3 mm.

Table 1. Histomorphometric comparison between ICE and OSS group (n=number of

animals)
Groups n Bone density BIC rate
mean=SD P mean+SD P
ICE 5 49.9+16.7% 39.5+13.0%
0SS 5 52.2+8.4% 0.78 62.9+12.4% <0.01

bone (Olsson et al. 1995; Friberg et al.
1997; Cochran 1999). This has been
accounted for by the spongy bone structure,
which results in a lower BIC rate than
compact bone. The percentage of bone in
areas such as the posterior maxilla has been
determined in the literature to be around
20% (Ulm et al. 1999). The values for bone
density in our study were 49.9% and
52.2%, respectively. These values seem to
be relatively high for a site of low bone
content and can be explained by the fact
that our assessment squares for bone
density were located buccally and lingually
of the implant apex. A strictly apical
location of the square, i.e. apical of the
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implant apex, would have produced lower
bone densities but would not have taken
into account that the buccal and lingual
surfaces of the apical third of the implant
were sometimes in the neighborhood of the
buccal and lingual compact bone plates.
This proximity was caused by a not strictly
parallel inclination of the outer shape of the
mandible in relation to the implant length
axis. Since the assessment of the BIC rate in
the apical third of the implant included
three sides (buccal, apical, lingual), the
reported location of the assessment squares
seemed to be more appropriate. The ob-
viously lower bone density apical of the
implant apex is also confirmed by the fact

5

Fig. 4. Magnification of an implant of the OSS group. Note the continuous line
of newly formed bone extending into the vent area. Toluidine blue. Bar equals

that the BIC rate along the very apical
border of the implant dropped down to only
20.3+13.9% in the ICE group and stayed
nearly the same with 60.6+12.6% in the
OSS group (P =o0.01).

Apart from accelerating the time periods
needed for osseointegration, a change of
implant surface design can have only one
purpose: to further improve long-term
survival rates of implants. Although almost
all implant manufacturers have more or
less banned machined-surface implants
from their shelves, only few can provide
scientific proof that altering their implant
surface actually improves their survival
rates, especially in sites of low bone content
(Sullivan et al. 1997; Grunder et al. 1999;
Davarpanah et al. 2001; Sullivan et al.
2001; Testori et al. 2001). Long-term
reports regarding this issue are lacking
completely.

In conclusion, this animal study pro-
vided further support for the superior ability
of the Osseotite™ surface to produce higher
BIC rates than a machined implant surface.



Acknowledgments: The authors
thank Waltraut Schneider for
processing the histological specimens.
This study was supported by a grant
from Implant Innovations, Inc.

Résumé

Les sites implantaires au contenu osseux faible sont
associés a des taux de survie implantaire inférieurs
aux zones ayant un contenu d’os dense. Des
altérations de la surface implantaire semblent influ-
encerle taux de contact os-implant et pourraient
avoir un impact sur les taux d’échec des implants
dans de tels sites. Le but de cette étude a été de
comparer hystomorphométriquement deux surfaces
implantaires différentes dans des sites aux qualités
osseuses pauvres. Toutes les prémolaires d'un coté de
la mandibule ont été avulsées chez cinq chiens
terriers. Aprés un temps de guérison de huit mois,
quatre implants de type vis [deux usinés (groupe ICE)
et deux doublement mordangés (Osséotite®); groupe
0SS)] ont été placés dans la mandibule. Apres cette
insertion, ’apex de I'implant a été localisé dans la
partie caverneuse de la mandibule des chiens o le
contenu osseux est faible. Aprés quatre mois de
guérison, les évaluations histomorphométriques ont
été effectuées. Tous les implants étaient ostéointé-
grés tant cliniquement qu’histologiquement. Des
mesures de la densité périapicales ont révélé des
teneurs osseuses semblables dans les deux groupes
(ICE 50+17%, OSS 52+8%; P>0,05). Malgré ces
quantités semblables en teneur osseuse dans la zone
apicale autour des implants, la surface implantaire
Osséotite® avait un contact os-implant significati-
vement plus important qu’au niveau de la surface
usinée (OSS 63+12%, ICE 40+13%; P<0,01). Chez
le chien, dans les sites aux mauvaises qualités
osseuses, un implant avec une surface Osséotite®
entrane un contact implant-os significativement
plus important comparé a celui avec une surface
usinée.

Zusammenfassung

Die Osseotite® Oberfliche im Vergleich zur
maschinell bearbeiteten Oberfldche bei schlechter
Knochenqualitdt. Eine Studie an Hunden
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Resumen
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