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ABSTRACT

Purpose: Surface development is one of the major aims in dental implant engineering. Additive application of substances
could possibly improve the new bone formation around dental implants. The present study evaluated the bone reaction on
four different implant surfaces with or without platelet-rich plasma (PRP).

Materials and Methods: Four self-tapping titanium screw implants (Brdnemark MK I1I [Nobel Biocare, Goteborg, Sweden],
Osseotite [3i, Miami, FL, USA], Xive [Densply Friadent, Mannheim, Germany], and Compress [IGfZ eG, Diez, Germany])
with different surfaces were inserted in each hemimandible of 12 female beagle dogs; the implant positions and the
application of PRP were randomized. After intravital fluorochrome staining, sacrifices and biopsies harvesting were
performed after 6 weeks (five dogs; one dog died before) and 12 weeks (six dogs) and the respective specimens were
analyzed.

Results: The only significant difference in bone remodeling was found for the Compress implants with increased bone
formation compared with the Branemark implants at 12 weeks (sign test, p =.03). Comparing the histological and
histomorphometric specimens of all other implant surfaces with respect to peri-implant bone remodeling and the resulting
bone-implant contact rates (BICRs), no statistically significant differences were seen in the PRP or non-PRP groups (sign
test, all p values >.063).

Conclusions: This study found no significant differences in the BICR for roughened implant surfaces compared with
machined surfaces. In this animal model, the addition of PRP did not demonstrate evidence of faster bone formation or the
resulting BICR.
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survival with the immediate loading of dental implants
from 80 to 97% compared with a machined implant
design,*” demonstrating the clinical relevance. Limited
data are available comparing implant surfaces of
different manufacturers.®

In 1998, Marx and colleagues”® found that platelet-
rich plasma (PRP) had a positive effect on bone re-
modeling because it was a source of autologous growth
factors. Platelets contain a variety of growth factors.’
The use of PRP to support the osseointegration of
endosseous dental implants also resulted in significantly
increased bone remodeling in animal experiments,"
although some apparently contradictory results have
been reported.’ "

The present study analyzed the bone healing pattern
on four different implant surfaces with respect to their
effects on peri-implant bone remodeling and the result-
ing BICR. In addition, the influence of the additional
application of PRP was evaluated.

MATERIALS AND METHODS

Implants and Surfaces

The following implant types with different surface prop-
erties were used (Figure 1):

1 Brdnemark (MK III): a self-tapping titanium cylin-
drical screw. External implant-abutment connec-
tion. Nobel Biocare (Goteborg, Sweden), 7.0 mm
length, 3.75 mm diameter. The TiUnite surface is
processed by anodic oxidation with a machined neck
(0.5 mm), which has to be above the bone level.

Figure 1 X-ray of the four inserted implants in the mandible
(from left to right: Brdnemark, Osseotite, Xive, Compress).

2 Osseotite: a self-tapping titanium cylindrical screw.
Internal implant-abutment connection. 3i (Miami,
FL, USA), 8.5 mm length, 4.0 mm diameter. The
Osseotite surface is doubly acid etched with a
machined neck (3.0 mm), which can be in part
above the bone level.

3 Xive: a self-tapping titanium conical screw. Internal
implant-abutment connection. Densply Friadent
(Mannheim, Germany), 8 mm length, 3.8 mm
diameter. The Friadent Plus surface is grit blasted,
acid etched, and neutralized with a machined neck
(1.0 mm), which has to be above the bone level.

4 Compress: a bone displacing/condensing conical
titanium screw. External implant-abutment connec-
tion. IGfZ eG (Diez, Germany), 12 mm length,
4.0 mm diameter. The surface is machined, and the
apical third is sandblasted with a machined neck
(2.5 mm), which can be in part above the bone level.

Animal Model

After approval from the local animal care committee and
the local ethics committee, 12 female beagle dogs weighing
12 to 16 kgand aged 12 to 15 months were used. All animals
had undergone extraction of the premolars in the lower
jaw on both sides 3 months before implant installation.

PRP Production

PRP was produced using the Platelet Concentrate Col-
lection System (BIOMET 3i, Palm Beach Gardens, FL,
USA), which led to an average of sixfold increase in the
resulting thrombocyte count. The mean (£ SD) growth
factor levels achieved were 259 £ 89 pg/mL PDGF-AB
and 294,438 + 72,339 pg/mL TGF-B1. The detailed pro-
duction process and the constitution of the resulting
blood product compared with other PRP production
methods have been described.'*"

Surgical Procedure and PRP Application

After inducing general anesthesia with an intramuscular
injection of Dormitor (medetomide), 35 ug/kg body
weight, and an intravenous injection of Disoprivan 2%
(propofol), 2 mg/kg body weight, after raising a full flap
four different implant types were placed on each side of
the lower jaw, according to the respective manufacturer’s
recommendations. In combination with healing abut-
ments (Brdnemark and Xive) and cover screws (Osseo-
tite and Compress), a transmucosal healing approach
was used. On one side of the lower jaw, PRP was added



during implant insertion (0.5-mL PRP was injected into
each prepared cavity and the surface of the implant was
moistened with PRP). The hemimandible receiving PRP
was determined by the flip of a coin, and the implant’s
positions were sorted at random. The wound was closed
using absorbable polyglactin sutures (Vicryl 3.0, Ethicon
GmbH, Norderstedt, Germany). After 2 weeks (post-
operatively) of soft food, the dogs were fed with a stan-
dard diet ad libitum.

Antibiotic Coverage and Fluorochrome
Staining Sequence

For postoperative antibiotic coverage, the animals were
treated with an intravenous injection of Tardomycel
(benzylpenicillin—procaine) (0.1 mL/kg body weight)
every 48 hours for 10 days. Sequential intravital staining
of the regenerating bone was performed postoperatively
with 3% alizarin (0.83 mL/kg body weight) during week
1 (postoperative days 0 and 7), 1% calcein green (5 mL/kg
body weight) in weeks 2 and 3 (postoperative days 14 and
21), and 6% xylenol orange (1.5 mL/kg body weight) in
weeks 4 and 5 (postoperative days 28 and 35).

Specimen Preparation

One of the 12 animals died 5 days after the operation.
The animals were euthanized at 6 (n=5) and 12 (n=6)
weeks for histomorphometric evaluation of BICR and
bone fluorescent markers. Specimens were cut along the
implant axis and prepared using a technique that pro-
duces thinly ground layers of tissue (40-60 wm thick), as
described by Donath and Breuner.'®

Histomorphometric Evaluation

Transmission light microscopy was used to compare the
implant position in the mandible. After a histomorpho-
metric analysis of fluorochrome staining, the specimens
were stained with toluidine blue and examined histolo-
gically. The BICR was measured histomorphometrically.

To analyze peri-implant bone remodeling, the fluoro-
chrome staining of the peri-implant bone was quantified
at three locations for each implant: at implant threads no. 1
and 3 and the apical edge. Four photographs were taken of
the same area (region of interest was an image section
of 1,950 x 1,545 pixel, clinically the height of one implant
thread) for each of the three positions (Leica DMRX,
Leica Microsysteme, Wetzlar, Germany; CCD color video
camera, Sony Europe, Berlin, Germany; X100 magnifi-
cation), one using transmission light microscopy with no
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specific filter and three using fluorescence microscopy
images to analyze the fluorochromes alizarin, calcein green,
and xylenol orange (Figure 2). The four images were stored
digitally and then evaluated histomorphometrically using
a picture-analysis system (Image Tool for Microsoft
Windows, University of Texas Health Science Center, San
Antonio, TX, USA). Using this system, the number of pixels
labeled with fluorochrome was determined separately for
alizarin, calcein green, and xylenol orange as a percentage
of the total regenerated bone surface in the three pictures
of the different implant areas. The mean alizarin staining
in each of the implant areas was considered to be a measure
of bone remodeling in the first postoperative week, the
mean calcein green staining was the measure for the second
to third postoperative week, and the mean xylenol orange
was the measure for the fourth and fifth weeks.

After staining the specimens with toluidine blue,
a digital image of the entire implant, together with the
adjacent osseous tissue, was made at xX16 magnifica-
tion. The BICR was determined as a percentage of the
implant surface with direct bone contact to the total
implant surface in the analyzed specimen using a
picture-analysis system (Image Tools: Adobe Photoshop
CS and Paint Shop Pro 7 for Microsoft Windows).

Statistical Methods

All of the quantitative measurements were characterized
using descriptive statistics (7, mean, standard deviation,
median, minimum, maximum, and quartiles).

To determine whether the surface modification of
the implant influenced bone remodeling and resulting
BICR, the animals at 6 and 12 weeks were analyzed for
each implant group under two different conditions: (1)
with PRP application in local bone and (2) without PRP
application. Sign tests for non-normally distributed,
linked data were calculated, and the p values are shown
separately for the PRP test groups and the non-PRP
control groups. A similar analysis for possible differ-
ences between the four different implant types was
performed (sign test).

To determine whether the PRP influenced peri-
implant bone remodeling and the resulting BICR, the
PRP groups were analyzed versus the non-PRP groups
separately for the 6- and 12-week postoperative speci-
mens. Sign tests were performed separately for the four
implant groups.

The total fluorochrome-labeled bone surface for
each dye was calculated at the bottom, middle, and top
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Figure 2 Intravital fluorochrome-stained bone area of the 6-week nonplatelet-rich plasma (A, transmission light microscopy;
B, alizarin; C, calcein green; and D, xylenol orange).

of each implant. The mean of the three totals per
implant was used as a combined parameter for bone
remodeling in the peri-implant region. The four paired
median values for bone remodeling were displayed
graphically for each of the four implant types using box
plots. The alizarin data represented bone formation
during the first week, the calcein green data bone growth
during weeks 2 and 3, and the xylenol orange bone
growth during weeks 4 and 5. To compare the total bone
activity during the osseointegration process, the total
fluorochrome labeling of each implant was calculated
and displayed in a box plot for the four implant surfaces.
Box plots of bone remodeling and the BICR were
drawn for the time-dependent implant groups (n =4-6
implants/group), although the median, which has only
limited statistical validity, was used for those groups.

RESULTS

Implant Loss

No implant loss occurred in the 6-week group. In the
12-week group, one Xive implant was lost 7 weeks post-
operatively in the non-PRP group, whereas in one dog in
the PRP group, one Xive implant was lost 2 weeks post-
operative and one Osseotite implant was lost 3 weeks
postoperative.

Intravital Fluorochrome Staining

In the 6-week (n=5) and 12-week (n=6) specimens,
the box plots showed only slight differences in
fluorochrome-stained bone among the four implant
types for alizarin, calcein green, and xylenol orange
(Figure 3, A and B).
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Figure 3 A, Total fluorochrome-stained bone area (6 weeks/alizarin + calcein green + xylenol orange) for the four implant surfaces.
B, Total fluorochrome-stained bone area (12 weeks/alizarin + calcein green + xylenol orange) for the four implant surfaces.
C, Bone-implant contact rate (6 weeks) for the four implant surfaces. D, Bone-implant contact rate (12 weeks) for the four implant

surfaces (post-OP = postoperative; PRP = platelet-rich plasma).

Analysis of the Implant Surfaces for
the Non-PRP Group
An analysis of the three individual fluorochromes
revealed no statistically significant difference among
the implant surfaces (sign test, 6 weeks: all p >.125; 12
weeks: all p >.063).

As a marker of total bone remodeling, the
median total fluorochrome-stained area (sum of the

alizarin + calcein + xylenol staining) differed, although
not significantly, among the four implant types in the
6-week specimens (see Figure 3A), whereas the median
total fluorochrome staining was more similar among the
four implants in the 12-week specimens (see Figure 3B).
Based on the sign test, the only significant difference in
bone remodeling was found for the Compress implants
with increased bone formation compared with the



484  Clinical Implant Dentistry and Related Research, Volume 16, Number 4, 2014

Branemark implants at 12 weeks (p =.031; 12 weeks, all
other p > .063; 6 weeks, all p >.125).

There was no significant morphological or histo-
morphometric difference in the BICR in either the 6- or
12-week specimens (see Figure 3, C and D; sign test, 6
weeks: all p >.063; 12 weeks: all p >.125). At 12 weeks,
the median BICR was higher with the Xive implant
(non-PRP group: 69.5+8.2%) than with the other
three implants (non-PRP group: Branemark 56 + 9.7%,
Osseotite 49.6 + 11.9%, and Compress 43.6 £ 5.7%).

Analysis of the Implant Surfaces for
the PRP Group

Identical analyses were performed for the PRP test
group (see Figure 3, A-D). No statistically significant
differences among implant surfaces were seen (sign test,
6 weeks: all p>.125; 12 weeks: all p >.375 and BICR:
sign test, 6 weeks: all p >.063; 12 weeks: all p >.063).

Analysis of the Possible PRP Influence for
the Four Implant Surfaces

The box plots for comparison of the PRP groups versus
the non-PRP groups with respect to the fluorochrome
staining (see Figure 3, A and B) and the resulting BICR
(see Figure 3, C and D) of the 6- and 12-week specimens
showed no significant difference (sign test, 6 weeks: all
p =.063; 12 weeks: all p >.062).

DISCUSSION

The fluorochrome staining procedure used here is an
established method."” The bone surface area determined
morphometrically can be used as a measure of bone
remodeling.'"®?' For most of the fluorochrome-stained
specimens, the median in the 12-week groups was
slightly less than the respective median in the 6-week
group. This suggests that the major part of osseointegra-
tion of the implants had essentially occurred at some
time point between 6 and 12 weeks and that some of the
fluorochrome vanished during the final healing process.
Nevertheless, the amount of fluorochrome staining was
a strong indicator of the healing processes in progress.

The PRP production process has been validated,”
the increase in the resulting thrombocyte count was suf-
ficient (sixfold), and the respective growth factor levels
were evaluated.

During implant insertion, the PRP was partly
pushed out from the prepared socket. Nevertheless, the
method for local PRP instillation into the implant cavity

used in this study is a in the literature-documented
technique, which has proven to be sufficient to achieve
increased bone healing.”

During the first postoperative week (alizarin stain-
ing), the resorption of damaged peri-implant bone
cells predominates.* Bone reconstruction begins in the
second postoperative week, resulting in staining with the
fluorochrome marker.

At 6 weeks, the slightly higher total fluorochrome
staining with the Brdnemark and Xive implant surfaces
seemed to reflect higher bone remodeling than with
the Osseotite and Compress implants. After the next
6 weeks, when fluorochrome staining was not longer
applied to the animals, the amount of fluorochrome
staining had decreased by more than one-third only in
the Branemark and Xive specimens, suggesting ongoing
bone remodeling, whereas the staining with the Osseo-
tite and Compress implant surfaces remained stable,
suggesting only minor bone remodeling during weeks
7 to 12.

At 12 weeks, the median total fluorochrome-stained
area was different among the four implant surfaces in
the non-PRP group only for a single pair of implants:
the Compress implant gave the highest value, which
differed significantly from the value for the Brdnemark
implant in the non-PRP group.

With the additional application of PRP, there was no
statistically significant difference in peri-implant bone
remodeling among the four implant surfaces at 6 or 12
weeks.

At 6 weeks, the BICR, which might be expected to
be higher for the conical Osseotite, Xive, and Compress
implants compared with the cylindrical Brdnemark
implant (due to the condensing of lateral bone caused by
the conical implant designs) in fact showed no statisti-
cally significant difference among the four different
implant surfaces. The application of PRP did not result
in a statistically significant change in the BICR.

At 12 weeks, the box plot displayed the highest BICR
for the Xive implant followed by the Branemark, Osseo-
tite, and Compress. The BICR boxes for the PRP groups
seemed to be slightly higher than the controls, but a
statistical evaluation suggested that the differences were
not significant.

BICR values of 40 to 50% seem reasonable com-
pared with rates reported in other studies of implant
surfaces. Trisi and colleagues obtained a BICR of 47%
for the Osseotite implant in human maxillae,” Kim and



colleagues reported a BICR of 47.7+13.4% for 36
implants with TiUnite surfaces in 12 dogs,* Shibli and
colleagues found a BICR of 32.19 £ 15.68% for seven
implants with TiUnite surfaces in seven humans,” and
Grassi and colleagues obtained a BICR of 42.83 £ 9.80%
for 14 implants with sandblasted acid-etched surfaces
in 14 humans.”® In addition, Sul and colleagues showed
that the TiUnite surface resulted in increased removal
torque compared with the Osseotite surface.”” Lang and
colleagues reported a BICR of 61% for SLActive and SLA
surfaces in human specimens after 42 days for newly
formed bone. At 7 and 14 days, they reported of a com-
position of old bone, new bone, and bone debris in
direct contact to the implant surface. At the beginning,
all device surfaces were partially coated with bone
debris. A significant fraction of this bone matrix coating
became increasingly covered with newly formed bone.”
Consistent to the study of Lang and colleagues, the study
presented here did not reveal much bone debris at the
6- and 12-week specimens.

The analysis of the BICR revealed no significant
difference among the four different implant surfaces,
possibly due to methodical difficulties with the stati-
stical analyses founded in the limited number of
specimens for some surface/time of healing creates
(n=4-6 per group). Other authors described signifi-
cant improvement of the BICR for roughened surfaces
in animal studies."”” In a clinical approach, the survival
rate of immediately loaded implants could be rele-
vantly improved by the application of roughened
TiUnite surface structure compared with machined sur-
face.*® Therefore, most manufacturers modified their
actual clinically available implant surface structures
accordingly.

The additional application of PRP did not result
in a significant improvement of bone regeneration or
BICR. These data suggest that the macrodesign (cylin-
drical vs conical) and the technique for roughening the
implant surface do not lead to significant effects for
peri-implant bone remodeling or the resulting BICR
under the conditions analyzed in this study. These
results are valid for implants positioned in local bone;
however, it is unclear whether similar results would be
obtained in augmented bone.

CONCLUSION

The evaluations of the present study did not indicate
superiority of any of the tested implant surfaces. The use
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of PRP did not improve the results either clinically rel-
evant or statistically significant. The topical use of PRP
to support bone regeneration cannot be recommended
as a standard method for dental implant treatment.
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