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n behalf of the associate
editors, the assistant editors,
and the members of the
editorial board, we are
honored to introduce to you a new journal
covering the science and application of dental implants and biomaterials: TITANIUM.
The ﬁrst questions that we have to
answer are: “Why a new journal in this ﬁeld?”
and “What is the mission of this new journal?”
In the past several years there has been
a tremendous increase in the knowledge
pertaining to the implant and biomaterials
ﬁeld. This knowledge has been reported in
some scholarly journals. However, what many
colleagues, who work as basic researchers or
clinicians, have felt is that this increase in the
output of research has not been accompanied
by a corresponding increase in the space in
which it could be reported. This is causing
a logjam, with a conspicuous time delay
between submission and publication, and
leads to the printing of outdated papers.
Not only have the number of article
submissions increased, but the number of
countries that contribute high-quality papers
is also on the rise. Excellent papers are
submitted from all corners of the globe,
so we have established a superb and truly
international Editorial Advisory Board with
representatives from all continents.
The mission of TITANIUM will be to
disseminate to the readership at large, state
of the art and up-to-date basic and clinical
research in the field of implant dentistry and
biomaterials, and to improve patient care
and public health in the fastest way possible.

The first aim of the editorial board will be
to accelerate the manuscript management
and reviewing procedure. The web-based
submission and reviewing process will
certainly expedite things, but will not
suffice. This goal will be attained thanks to
the common interest of the editorial board in
achieving excellence and providing the most
current and accurate results of cutting edge
research. In addition, the functional structure
of the editorial board divided into groups of
expertise (Biomaterials and Biomechanics,
Biomaterials and Tissue Engineering, Basic
Research, Clinical Research, Implant Science
and Clinical Innovations) will advance the
review process by focusing areas of interest.
Our second goal will be to combine the best
in basic and clinical research, publishing only
papers that meet rigid quality standards with
well designed research projects, executed
according to sound scientific principles, and
reporting accurate data presented in an
unbiased and fair manner.
Another goal is to provide the industry with the availability of an innovative,
first-class, and well distributed journal
in which to adverstise. We, therefore,
invite the implant industry to suppor t
our initiative.
We are excited about the launch of
this premiere journal in implantology and
biomaterials, and we know that the journey
of TITANIUM will be one of success!
Sincerely,
Adriano Piattelli & Arthur B. Novaes Jr.
Editors-in-Chief

C L I N I C AL F E ATURE

Bone Formation Around a Dental Implant
With a Platform Switching and Another
With a TissueCare Connection:
A Histologic and Histomorphometric
Evaluation in Man
Marco Degidi MD, DDS1 / Adriano Piattelli, MD, DDS2 /
Jamil A. Shibli, DDS, MS, PhD3 / Rita Strocchi, MD1 /
Giovanna Iezzi, DDS, PhD1
Private Practice, Bologna, Italy.
Dental School, University of Chieti-Pescara, Chieti, Italy.
3
Department of Periodontology, Dental Research Division, and Head of
Oral Implantology Clinic, Guarulhos University, Guarulhos, São Paulo, Brazil.
1
2

Background: Peri-implant crestal bone must be stable for aesthetic reasons. Aim of this study was a
histological and histomorphometrical evaluation of an implant with a TissueCare connection (Implant A)
compared to an implant with a platform switched implant-abutment connection (Implant B).
Materials and Methods: A 32-year-old male patient participated in this study. The patient
needed a bilateral mandibular restoration. Four implants were used, restored and loaded immediately the same day of insertion. After a six week healing period two implants were retrieved with a
5 mm trephine. Before retrieval both implants were clinically osseointegrated and were not mobile.
Results: In Implant A, pre-existing and newly formed bone was found about 2.9 ± 0.2 mm over
the implant shoulder. The coronal bone had undergone no resorption. At the level of the implant
shoulder areas of new bone formation were present in tight contact with the metal surface, and
osteoblasts were depositing osteoid matrix. The bone-implant contact percentage was 55 ± 1.5 %.
In Implant B, on one side of the implant, a 1 mm resorption of the crestal bone was present. On the
other side, on the contrary, no bone resorption had occurred and approximately 1 mm of bone was
present over the implant shoulder. The bone-implant contact percentage was 65.1 ± 6.3 %.
Conclusion: Both implants had successfully osseointegrated with mineralized tissue on a large
portion of the surface. Platform-switching or the use of an implant with a TissueCare connection
could be useful in maintaining the peri-implant crestal bone.
Key words: conical abutment connection, crestal bone remodelling, immediate loading, microgap,
platform switching, retrieved dental implants
Correspondence to:
Prof. Adriano Piattelli, MD, DDS
Via F. Sciucchi 63
66100 Chieti, Italy
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INTRODUCTION
A loss of the papilla in the interproximal area can produce esthetic
problems, phonetic problems and a
lateral food impaction.1 The peri-implant
crestal bone must be stable to allow for
a continuous presence of the papilla.2-5
A resorption of the peri-implant crestal
bone, frequently observed during the
first year following prosthetic restoration,3,6 up to about 1.5 to 2 mm below
the implant-abutment junction (IAJ),7-11
can induce a recession of the gingival
margins, particularly in individuals
with thin biotypes.4 The preservation
of the peri-implant bone appears to
be of particular impor tance in the
esthetic zone and in areas with a limited
bone supply.5 The microgap between
implant and abutment and its bacterial
contamination seems to play, at least, a
partial role in the previously described
bone remodeling.3,12-18 The crestal bone
resorption is absent when the implant
is still submerged and becomes present
after the implant exposure to the oral
environment.3,5 There seems to be a
cause/effect relationship between the
extent of peri-implant inflammation
and the degree of alveolar bone loss.13
When the IAJ is positioned deep into
bone, there is an increase in the loss
of vertical crestal bone height.6,12 If a
matching implant-abutment diameter
is used, the inflammatory cell infiltrate
(abutment ICT), located at the outer
edge of the implant-abutment junction,
is close to the crestal bone.7 If, however,
the horizontal relationship between
the outer edge of the implant and a
smaller-diameter component (“platform
switching”) is changed, the ICT is moved
inward toward the central axis of the implant and away from the crestal bone.3,4,7
This fact should, theoretically, lead to
a lesser degree of bone resorption.

Moreover, with a platform-switching a
90° step will be created, compared to
what happens to implants with a matching
implant-abutment diameter, where
a 180° step is present; the resulting
confined area may produce a restriction
of the ICT to this region.3 Fur thermore,
the internal repositioning of the IAJ away
from the external, outer edge of the
implant and neighboring bone decreases
the effects of the abutment ICT on
surrounding tissues.7,19 On the contrary,
another implant system shows an inbuilt
TissueCare connection with a gap-free
bacteria-proof tapered abutment connection with maximum mechanical stability and lack of any micromovement; this

should determine a high stability of the
peri-implant soft tissues.20-23
In a recent paper, Hurzeler et al3. found
that one year after ﬁnal restoration, the
mean values of crestal bone loss were 0.22
± 0.53 mm for implants with platformswitched abutments, while control implants
showed a loss of 2.02 ± 0.49 mm. Similar
results were reported by Vela-Nebot et
al.,24 who found in test implants a bone loss
of 0.76 mm, while, in control implants, the
bone loss was 2.53 mm.
Chou et al.,2 in a study of over
1,500 implants, repor ted a total overall
mean loss from implant placement to

Figure 1: Pre-operative orthopantomography.

Figure 2: Immediate bilateral prosthetic
restoration of the posterior mandible.

Figure 3: Post-operative orthopantomography.
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36 months post-loading of only 0.60
mm or 0.2 mm per year, including the
bone loss that can be attributed to
surgical trauma.

Figure 4: Post-operative periapical x-ray;
Implant B on the left, Implant A on the right.

Immediate loading of dental implants
was thought to produce a ﬁbrous repair
at the interface.25-29 Several histological

Figure 5: Six weeks follow-up.

reports, in man and experimental animals
have, on the contrary, shown mineralized tissues at the interface in early
and immediately loaded implants.30-46
Immediate loading allows immediate
restoration of esthetics and functions,
reduces the morbidity of a second
surgical intervention, and facilitates the
functional rehabilitation increasing patient
acceptance and satisfaction. An analysis
of human biopsies of immediately loaded
implants is the best way to ascertain the
quality and quantity of the peri-implant
hard tissues.
The aim of the present study
was a histological and histomorphometrical evaluation of an implant with
a TissueCare connection (Implant A)
compared to an implant with a platform
switched implant-abutment connection
(Implant B).

Figure 6: Implant A. Pre-existing and newly
formed bone was found about 2.9 ± 0.2
mm over the implant shoulder. The coronal
bone had undergone no resorption. At
the level of the implant shoulder areas
of new bone formation were present in
tight contact with the metal surface. Acid
fuchsin-toluidine blue 8X.
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MATERIALS AND METHODS
A 32-year-old male patient participated in this study. The protocol of
the study was approved by the Ethical
Committee of the UnG (University
of Guarulhos, Sao Paulo, Brazil) and
the patient signed a written informed
consent form. The patient was partially
edentulous. The patient needed a bilateral posterior mandibular restoration
(Fig. 1). Four implants were inserted:
two implants in the right mandible (3i®
implant with a Nanotitesurface, Implant
Innovations, West Palm Beach, FL, USA),
and two implants in the left mandible
(Ankylos® plus implant, Dentsply, Friadent,
Mannheim, Germany). All implants were
restored with a fixed provisional screwed
prosthesis the same day of the implant
surgery and loaded immediately the
same day of inser tion, without occlusal
contact (Fig. 2). The implants had been
splinted (Figs. 3-4).Two of these implants,
one Ankylos® plus implant (Implant A)
and one 3i® implant (Implant B) were
separated from the splinted implant and
retrieved, together with the abutment
which was never removed, with a 5 mm
trephine after a six week healing period
(Fig. 5). Before retrieval, both implants
were clinically osseointegrated and were
not mobile. Implant A had been inserted
3 mm below the alveolar crest, in D3
bone, while Implant B had been inserted
1 mm below the crest, in D2 bone .
Processing of Specimens
The implants and the surrounding tissues were stored immediately in
10% buffered formalin and processed to
obtain thin ground sections with the Precise
1 Automated System.47 (Assing, Rome,
Italy) The specimens were dehydrated in
an ascending series of alcohol rinses and
embedded in a glycolmethacrylate resin
(Technovit 7200 VLC, Kulzer, Wehrheim,

CLINIC AL F E AT U R E
Germany). After polymerization, the
specimens were sectioned longitudinally
along the major axis of the implants with a
high-precision diamond disc at about
150 µm and ground down to about
30 µm. Three slides were obtained. The
slides were stained with acid fuchsin and
toluidine blue. A double staining with von
Kossa and acid fuchsin was done to evaluate the degree of bone mineralization.
One slide, after polishing, was immersed
in AgNO3 for thirty minutes and exposed
to sunlight. The slides were then washed
under tap water, dried, immersed in basic
fuchsin for ﬁve minutes, and then washed
and mounted.
Histomorphometry of bone-implant
contact percentage was carried out
using a light microscope (Laborlux S,
Leitz, Wetzlar, Germany) connected to
a high resolution video camera (3CCD,
JVC KY-F55B, JVC, Yokohama, Japan)
and interfaced to a monitor and PC
(
Intel Pentium III 1200 MMX, Intel, Santa
Clara, CA, USA). This optical system
was associated with a digitizing pad
(Matrix Vision GmbH, Oppenweiler,
Germany) and a histometry software
package with image capturing capabilities
(Image-Pro Plus 4.5, Media Cybernetics
Inc., Immagini & Computer Snc).
RESULTS:
Implant A
Pre-existing bone quality was D3.
Pre-existing and newly formed bone
was found about 2.9 ± 0.2 mm over the
implant shoulder (Fig. 6). The coronal
bone had undergone no resorption; no
osteoclasts were present in this region.
The first bone to implant contact (fBIC)
was 0.3 mm on one side and 0.1 mm
on the other side, above the implant
shoulder. In this portion of the interface,
areas of bone remodelling, with bone
remodelling units (BMU), were present.

An absence of infrabony pockets was
observed. In the coronal area, bone
remodelling was present with areas of
new bone formation. At the interface
with the abutment it was possible to
see a loose, richly vascularized, with the
presence of many small sized vessels,
connective tissue. This tissue was in
close contact with the metal surface and
no gaps were present at the interface
(Figs. 7-8). At the level of the implant
shoulder areas of new bone formation
were present in tight contact with the
metal surface, and osteoblasts were
depositing osteoid matrix (Fig. 9-10).
Newly formed bone trabeculae had
formed in an apico-coronal direction,
and in some areas these trabeculae were
present in the most coronal aspect of
the abutment and contacted the lower
par t of the prosthetic crown. Only in
the most coronal por tion of the abutment the connective tissue appeared
to be detached from the metal surface,
most likely from an ar tifact during the
preparation of the specimen. No inflammatory cell infiltrate was found around
the implant. Only a few, scattered
inflammatory cells were present inside
the connective tissue. In the middle
and apical third, trabecular bone, with
many marrow spaces and capillaries,
was present. The newly formed bone
was mainly located inside the thread
concavities. Bone resorption was absent
in the middle and apical por tion of the
implant perimeter ; no osteoclasts were
present in this area. No gaps or fibrous
connective tissue were found at the
bone-implant interface. No epithelial
downgrowth was present. Many wide
marrow spaces were present in the
peri-implant bone, and few of these
spaces were observed directly on the
implant surface. The bone-implant contact percentage was 55 ± 1.5 %.

Figure 7: Implant A. Connective tissue was
present around the abutment. Many small
diameter blood vessels were present in this
tissue. Only a few inflammatory cells were
present. Acid fuchsin-toluidine blue 40X.

Figure 8: Implant A. The connective tissue
was closely adherent to the abutment
surface. Acid fuchsin-toluidine blue 40X.
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Figure 9: Implant A. Newly formed bone
was present at the level of the shoulder
of the implant. It was possible to observe
osteoblasts depositing newly formed
bone (WB) in a coronal direction. B =
Pre-existing bone OM = Osteoid Matrix.
Acid fuchsin-toluidine blue 100X.

Figure 10: Implant A. Newly formed bone
was present at the level and over the
implant shoulder. Many osteoblasts (O)
were depositing osteoid matrix (OM).WB =
Newly formed bone. Acid fuchsin-toluidine
blue 100X.
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Implant B
The pre-existing bone quality was
D2. On one side of the implant, a 1 mm
resorption of the crestal bone was present and the bone was located at the same
level of the implant shoulder (Fig. 11).
On one side, a gap (0.6 mm) was
present, at the level of the implant
shoulder, between the bone and the
implant (Fig. 12). Some bone trabeculae
forming toward the surface of the
implant were present inside this gap. The
ﬁrst bone to implant contact (fBIC) was
at 0.7 mm from the implant shoulder. No
inﬂammatory cell inﬁltrate, osteoclasts or
resorption areas were found in the area of
the gap. At about 1 mm from the implant,
some bone trabeculae were present 1 mm
above the level of the implant shoulder. On
the other side, a very small gap (0.2 mm)
was present between the shoulder of the
implant and the newly formed bone (Fig.
13). In this area it was possible to observe
that many osteoblasts were present inside
the gap depositing osteoid matrix in an
apico-coronal and implantopetal direction.
Overall, in this portion of the interface (near
the implant shoulder) only newly formed
bone was present. The ﬁrst bone to
implant contact (fBIC) was at 0.3 mm from
the implant shoulder.
No inﬂammatory cell inﬁltrate,
osteoclasts, or areas of resorption were
present. Connective tissue was present
at the interface with the abutment. In
some portions this connective tissue was
detached from the metal surface; this
was due, in all probability, to an artifact
during the retrieval or the processing of
the specimen. The connective tissue was
loose, with a few, scattered inﬂammatory
cells; only a few small vessels were present. Newly formed bone was found inside
the thread concavities. Many osteoblasts
were observed depositing osteoid matrix
directly on the implant surface. In some

areas, newly formed, strongly-stained
bone was present in close contact with
the implant surface. No gaps or connective ﬁbrous tissue were found at
the interface. No epithelial downgrowth
was present. The bone-implant contact
percentage was 65.1 ± 6.3 %.
DISCUSSION
Immediate loading can reduce the
treatment period because the soft tissues
heal simultaneously with the hard tissues
according to the contours of the provisional restoration.48,49 Immediate loading
has esthetic, psychological and functional
advantages in eliminating second-stage
surgery, in reducing the patient discomfor t and the additional costs of
the procedure.48-49 A concern has been
expressed about the formation of connective, fibrous tissue at the interface
of dental implants subjected to early or
immediate loading.25-29 Micromotion has
been repor ted to influence in a positive
way the healing of bone fractures, and
optimal healing is not achieved in total
absence of micromotion.50,51 Immediate
and early loading of dental implants can
then function as a mechanical stimuli for
osteoblasts.50,51
It has been repor ted that when an
implant-abutment interface is located
at the level of the alveolar bone, a
significant inflammatory cell infiltrate
with resorption of the peri-crestal
alveolar bone occurs.13,24 Furthermore,
the deeper the location of the interface,
the greater the degree of inflammation
at the level of the implant-abutment
junction13. This fact could have relevant
implications for the clinic because an
implant placement in a more apical
position could be required by esthetic
considerations.13 The resorption of the
peri-implant bone could cause a recession with an esthetic failure.13 The loca-
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tion of the implant shoulder subcrestally
avoids the metal exposure and allows to
obtain an adequate ver tical dimension
with an esthetic emergence profile.24
This technique is what is used with the
Ankylos® implant system.23 Contrary
to what happens with other implant
systems, the insertion of this type of
implant deeper in the bone does not
seem to produce the complications of
the soft and hard tissues that have been
reported in the literature.23
A stable internal-tapered abutment
connection with absence of any microgap21 or micromovement, the subcrestal
insertion of the implant, the microroughness to the interface, the platform
switching, and the presence of a thick
layer of soft tissues in the narrowed
neck of the smaller-diameter abutment21
(TissueCare Concept) could explain
these findings. This wedge-shaped
collar of soft tissue, composed by thick,
fibrous connective tissue with few scattered inflammatory cells, could provide
an additional protection to the periimplant bone.21
The results of the present study
were confirmed by a clinical study. In
50% of implants the X-ray examination
after one year of prosthetic loading
showed crestal bone at or slightly above
the level of the implant shoulder.23 The
crestal bone in the region of the implant
shoulder then generally remains in place
during the loading of the implants and
may even increase in density.23
The results of the present study
seem to show that a smaller dimension of
the abutment compared to the diameter
of the implant (platform switching) can
create a zone around the circumference
of the implant that helps to minimize
the invasion of the biological width with
a protection of the peri-implant soft and
mineralized tissues and the establish-

ment of a tissue collar that overlaps the
bone-implant interface. This fact could
par tially explain the reduced rate of
bone resorption repor ted for this type
of implant connection, and observed
in the present histological case repor t.
The bacteria-proof seal, the lack of
micromovements due to the friction grip
and the minimally invasive second-stage
surgery, found in the Ankylos® implant
system, are also impor tant factors in
preventing the cervical bone loss.21,22
The present results show that a
high percentage of bone contact can be
obtained even in immediately loaded
implants inser ted in soft bone, after a
very shor t healing period (six weeks).
Immediate loading did not interfere
with bone formation and did not have
adverse effects on osseointegration.
In the present case repor t, both
implants had successfully osseointegrated from a clinical point of view
and were stable at retrieval time.
Mineralized tissue was found on a large
por tion of the surface of both implants
with no foreign body, inflammatory
reactions or pericoronal bone resorption. This is probably par tially related to
the types of surface characteristics of
both implants.52-55 The difference in the
BIC observed around both implants is,
with all probability, related to the fact
that some bone at the interface, in
the apical region, was lost during the
retrieval of one of the implants.The stable
internal-tapered abutment connection
could possibly help a soft and hard tissue stability with maximum mechanical
stability at the implant-abutment interface, due to the friction grip.21-23
Platform-switching could then be
useful to obtain and maintain the results
concerning the peri-implant crestal
bone,5 and the post implant inser tion
bone remodeling seems to be halted

Figure 11: Implant B. On one side of the
implant, a 1 mm resorption of the crestal
bone was present and the bone was located at
the same level of the implant shoulder. CT =
Connective Tissue Acid fuchsin-toluidine
blue 8X.

Figure 12: Implant B. A small gap (arrow)
was present between the shoulder of the
implant and the newly formed bone. Acid
fuchsin-toluidine blue 40X.

Figure 13: Implant B. A small gap (arrow)
was present between the shoulder of the
implant and the newly formed bone. In this
area it was possible to observe that many
osteoblasts were depositing osteoid matrix
in an apico-coronal and implantopetal
direction. Acid fuchsin-toluidine blue 40X.
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with the use of a platform-switched
abutment or with the use of an implant
with conical Morse taper connection
(TissueCare connection).
Both of these techniques can then
be useful in reaching the ultimate aim of
implantology, i.e. the creation of an optimal
prosthetic restoration with a neighboring
stable bone and a natural architecture of
the peri-implant soft tissues.4
CONCLUSION:
1) The width of the alveolar crest can
help in maintaining the bone crest level.
2) One implant had been inserted
in a much lower position than the other
(3 mm vs. 1 mm) and the fact that in the
former implant no bone resporption was
histologically present must be underlined.
3) Abutments should not be removed
and reconnected after insertion. This fact
is certainly extremely helpful in preserving
crestal bone. Abrahamsson et al.56 have
shown, in an experimental study in dogs, that
repeated dis- and reconnection (ﬁve times
in a six month period) produced an apical
shift of the bone which was found 1.5 mm
apical to the implant-abutment junction.
Contrary to Abrahamsson et al.56 results,
no ICT was found in our specimens.
4) The immediate loading of the
implants could also be a favorable factor
in preserving bone.57-63
5) The use of an abutment smaller
than the platform could have a biomechanical advantage. A recent Finite
Element Analysis study has shown that
in this case the stress concentration is
moved away from the cervical bone
toward the center of the implant.64
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1

Background: The purpose of this study was to physico/chemically characterize and evaluate the in
vitro cytotoxicity/in vivo bone regeneration of two grafting materials in a rat calvaria model.
Materials and Methods: Two particulate grafting materials, Hydroxyapatite (HA)/PLGA (poly
[L-lactide-co-glycolide]) composite (MA1) and Tricalcium Phosphate (MA2), were characterized by
SEM, TEM, XRD (Rietveld), and FTIR. The cytotoxicity was evaluated by the ISO10993-5 method.
Two critical defects with 5.5 mm in diameter were created bilaterally in the calvaria of 20 Wistar
rats. One defect was filled with a grafting material, and the other was the control (C, blood clot).
After four and eight weeks in vivo, the amount of new bone filling the defects was evaluated using
micro-computed tomography with a slice resolution of 30 µm. Statistical analysis was performed by
one-way ANOVA at 95% level of significance.
Results: The physico/chemical analytical tools showed that MA1 was a Si- and Mg-doped
Hydroxyapatite/PLGA composite, and MA2 was a ß-TCP-based powder presenting ~9% Ca2P2O7
secondary phase. Both powders were not cytotoxic up to 50% extract concentration. The new
bone volume to total defect volume ratios at four weeks were (mean ± SD) MA1=14.8±7.9%a,
MA2=16.1±7.2%a, and C=6.5±1.6%b. At eight weeks, the values were MA1=22.6±7.2%a,
MA2=19.9%±4.0a, and C=7.4±5.2%b.
Conclusion: Despite substantial compositional differences, non-signiﬁcant differences in the amount
of new bone formation were observed. Both materials presented osseoconductive properties.
Key words: grafting materials, characterization, HA/PLGA, ß-TCP, in vivo, MicroCT
TITANIUM 2009 1(1): 16-28
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INTRODUCTION
An important aspect of the human
skeleton is its ability to regenerate itself
as part of a repair process. However,
depending on the size of the defect, full
regeneration of the lost tissue may not
occur, representing challenging scenarios
for the reestablishment of organ form
and function.1,2 In general, grafting procedures are necessary for improving the
bone tissue ability to regenerate. For this
purpose, several approaches have been
attempted for defect ﬁlling and subsequent regeneration, including autogenous
and xenogenous bone grafting and synthetic biomaterials.3
Due to its high biocompatibility,
autogenous bone taken from a secondary surgical site has been widely utilized.4,5
However, its utilization has limitations
such as supply amount and unpredictable healing kinetics. Also, donor site
pain and potential post-surgical infection
are common complications associated
with such procedure.4 These limitations
have stimulated the development
of synthetic materials/matrices engineered speciﬁcally for bone replacement
applications.3,4,6
Over the last 10 years, attention has
been devoted towards the development
of optimized synthetic or semi-synthetic
substitutes for autogenous bone grafting.1
Commonly utilized grafting materials
include allografts such as demineralized
bone matrix particles, deproteinized cancellous chips, or synthetic alloplasts such as
calcium sulfate pellets and porous calcium
phosphate materials.3 Among alloplasts,
calcium and phosphate-based substitutes
have been demonstrated to have the
ability to ﬁll large defects while providing
osseoconductive properties leading to
new bone formation in large defects.2 In
addition, Ca- and P-based alloplasts may
be manufactured in a variety of forms,

such as bulk ceramics, powders, and
cements, and thereby may be engineered
for speciﬁc applications.2
Bioceramics have been widely
studied for orthopedic and dental
applications due to their good biocompatible and osseoconductive properties.
It has been general consensus that the
bioactivity of bioceramics relies on their
ability to induce hydroxyapatite (HA)
formation in the physiologic environment.7 Commonly available resorbable
bioceramics include hydroxyapatite and
tricalcium phosphate powders or blends
of different Ca- and P-based phases.2
Synthetic hydroxyapatite is a crystalline calcium- and phosphate-based bone
substitute. However, because of slow in
vivo resorption, hydroxyapatite-based
materials have been modiﬁed by a variety
of techniques in an attempt to better tailor
its in vivo osseoconductive and dissolution
properties.2 Aiming to better utilize its
osseoconductive properties, hydroxyapatite has also been used in blends (biphasic
powders).2 Alternative approaches also
include the incorporation of biocompatible polymers on HA powder surfaces.8
Tricalcium phosphate has a faster
dissolution rate than hydroxyapatite. The
faster dissolution/resorption of ß-TCP
may allow a gradual biological degradation over a period time and a progressive
replacement by the natural host tissue.9
Thus, ß-TCP is currently considered as an
alternative material for bone reconstruction and is frequently used for bone repair
in the form of ceramic blocks, granules,
and calcium phosphate cements.10
The purpose of this study was to
physico/chemically characterize and
evaluate the in vitro cytotoxicity and
the in vivo bone regeneration of a
Hydroxyapatite/PLGA composite and a
ß-tricalcium phosphate-based powder
grafting material in a critical size defect.

Figure 1: Skull exposure showing where the
defects were made.
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Figure 2: (a) MA1 (Hydroxyapatite/PLGA
composite) powder morphology; (b) MA2
(Tricalcium Phosphate) granules morphology; (c) MA1 surface characteristic, such as
roughness and porosity; (d): MA2 surface
characteristic, such as roughness and
porosity.

MATERIALS AND METHODS
A Hydroxyapatite (HA)/ PLGA
composite particulate material– MA1
(ReOss™, Intra-Lock, Boca Raton, FL) and
an FDA approved beta-tricalcium phosphate (ß-TCP) – MA2 (SynthoGraft™,
Bicon LLC, Boston, MA) grafting material
with particle size suitable to maxillofacial
applications were evaluated.The powders
were provided by the manufacturers and
were characterized in the as-received
form without detailed disclosure of their
physico/chemical characteristics.
Physico/Chemical Analysis
Powder Morphology
For particle morphology evaluation,
the powders were separated in various
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batches and scanning electron microscopy (SEM, Philips XL30, Eindhoven, The
Netherlands) was performed at various
magniﬁcations following standard guidelines for ceramic powder imaging.
Powder Chemical Assessment
Assessment of the powder bulk
composition was performed by energy
dispersive spectroscopy (EDS) at various
magniﬁcations and accelerating voltages
at randomly selected spots.
X-ray powder diffraction patterns
(XRD) were collected in a Rigaku diffractometer (Multiﬂex, Tokyo, Japan), from
5o to 110o (2θ) with step interval ∆2θ =
0.02o, divergence slit = 1/2o and receiving
slit = 0.3mm, step time = 8s, 40kV, 30ma
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Figure 3 (Top): (a) EDS spectrum of MA1
(Hydroxyapatite/PLGA composite), and
(b) EDS spectrum of MA2 (Tricalcium
Phosphate).
Figure 4 (Bottom): (a) Rietveld refinement
of the MA1 (Hydroxyapatite/PLGA composite) powder XRD spectrum and refinement
plot results 20o to 40o 2θ spectrum showing
HA peaks with broad base, typically found in
non-sintered powder samples. (b) MA2
(Tricalcium Phosphate) Rietveld refinement
plot results for the phases ß- Ca3(PO4)2
and ß-Ca2P2O7, and refinement plot results
between 25° and 35° 2θ.
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CuKa1 radiation monocromatized by
graphite crystal. Identiﬁcation of phases
was achieved by comparing the diffraction patterns obtained to the database
provided by ICDD.11
The Rietveld reﬁnements were
performed using the GSAS software
Collaborative Computational Project
number 14 (CCP14) in Powder and Small
Molecule Single Crystal Diffraction.12 The
starting model used in the reﬁnement
was based on the theoretical structure in
the Inorganic Crystal Structure Database
(ICSD).13 The peak shapes were modeled
using the pseudo-Voigt function. The
background, cell parameters, preferred
orientation, peak asymmetry, atomic po-

sitions, site occupancy factors, and global
vibrational parameters were reﬁned. The
calculated and observed patterns were
ﬁtted by least squares method until a
minimum was reached. The integrated
intensities and the peak heights were
related to a scale factor. The fraction
of each phase was determined by the
equation:
Wi = Si (ZMV)i / ∑ [ Sj (ZMVj) ] (1)
Where: Wi = weight fraction of the
phase p; S = scale factor; Z = number of
formulas units per unit cell; M = mass of
the formula unit; and V = unit cell volume.
Fourier-transform infrared spectros-
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copy Magna-IR 550 Spectrometer Series
II (Nicolet, Madison, WI, USA) equipped
with reﬂectance attachment was used to
determine chemical groups and crystallinity and further conﬁrm XRD results. The
spectra were collected at room temperature at a nominal resolution of 4.00 and
number of sample scans equal to 1,000.
The FTIR spectra were recorded in the
400–4,000 cm-1 range using specular
reﬂection.
Cytotoxicity In Vitro Test
The cytotoxicity test was carried

out in order to detect toxicity levels of
the as-received MA1 and MA2 powders.
The employed cell line was based on the
International Standards Organization ISO
10993-5 guidelines. A monolayer of cell
culture of Chinese hamster ovary cells
(CHO-K1 from American Type Culture
Collection, ATCC) in log phase was
harvested by trypsinization. The cell suspension was centrifuged and the pellets
were resuspended in RPMI medium after
thorough washing with sterile PBS.
One gram of each sterilized powder
material was poured into 10ml glass ﬂasks.

Figure 5 (Top): (a) FTIR spectrum for MA1
(Hydroxyapatite/PLGA composite) showing bands originating from HA, alpha-TCP
phases, and PLGA component. (b) FTIR
spectrum of as-received MA2 (Tricalcium
Phosphate) showing bands originating from
HPO4-2, H2O, PO4-3, and P2O7-4.
Figure 6 (Bottom): In vitro cytotoxicity assay employing cell culture based
on the ISO 10993-5 guidelines. (a) MA1
(Hydroxyapatite/PLGA composite) cell
viability level > 50% at 100% extract concentration. (b) MA2 (Tricalcium Phosphate)
cell viability level > 50% at 100% extract
concentration.
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Four milliliters of RPMI-FCS (RPMI 1640,
containing 10% fetal calf solution and 1%
penicillin/streptomycin solution) culture
medium was added and incubated for 48
h at 37°C under a 5% CO2 humidiﬁed
atmosphere. The supernatant was ﬁltered
through a membrane (Millipore®, Barueri,
SP, Brazil), and serial dilutions (100, 50, 25,
12.5 and 6.25 vol%) were made from the

Figure 7: µCT 3D reconstruction after four
weeks of healing: (a) MA1 (Hydroxyapatite/
PLGA composite), (b) MA2 (Tricalcium
Phosphate), (c) Control; and after eight
weeks of healing: (d) MA1 (Hydroxyapatite/
PLGA composite), (e) MA2 (Tricalcium
Phosphate), (f) Control.
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extract. Dilutions were also performed
for the negative and positive material controls, which were sterile alumina
ceramic and 0.02 vol% phenol solutions,
respectively. All concentrations were
tested in quadruplicate.
A 96-well tissue culture microtiter
plate was prepared by pipetting 50 µL
of the serial dilutions of each extract.
The plate was brought to equilibrium at
37°C in a humidiﬁed atmosphere under
5% CO2 while the cells were harvested
for assay. Subsequently, 50 µL of the cell
suspension (~3,000 cells) was dispensed
into each well. The resulting volume in
each well was 100 µL. Control columns
of four wells were prepared with medium
without cells (blank) and medium plus
cells without extract (100% survival). The

microplate was then incubated under a
5% CO2 humidiﬁed atmosphere. After
72 h, 20 µl of a mixture (20:l) of 0.2%
a supravital dye tetrazolium compound
(MTS) and 0.09% of electron coupling
reagent phenazine methosulfate (PMS) in
PBS were added to the test wells. These
were allowed to react for 2 h. The cytotoxicity test performed was based on the
quantitative assessment of surviving viable
cells upon exposure to a toxic agent, by
incubation with the MTS compound and
an electron coupling reagent PMS.
The MTS was bioreduced by cells
into a formazan product that is soluble in
cell culture medium. Following the release
of this product, colorimetric analysis of
the incorporated dye was performed.
Incorporate dye was measured by
reading the absorbance at 490 nm in a
spectrophotometric microplate reader
against a blank column.
In Vivo Experiment
Animals
Twenty male Wistar rats, aged 100
days with approximately 350g body mass,
were used. The animals were kept in plastic cages, maintained under a 12 h light
cycle (40 lux) per day and fed ad libitum
with sterile water and food. The surgical
protocol was approved by the Animal
Care Committee of the University of São
Paulo, São Paulo, Brazil. The animals were
maintained at the IPEN animal facility.
Surgical Procedures
Two critical defects with 5.5 mm in
diameter were created bilaterally in the
calvaria (Fig. 1) and were allowed to heal
for periods of four and eight weeks. One
defect was ﬁlled with one of the grafting
materials and the other was the control
(C, blood clot, Table 1).
All animals were submitted to calvaria surgery under general anesthesia.
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For sedation and muscle relaxation,
each animal received an intraperitoneal
injection (2-2-xylidine)-5,6-dyhidro-4H-1,
3-thyazyn chlorate (Rompum, Bayer, São
Paulo, SP, Brazil) (5.0mg/kg). For general
anesthesia, ketamine (Ketamina®, Agener,
União Química Framacêutica Nacional SA,
São Paulo, SP, Brazil) (60mg/Kg) in proportion 2:1 was administered. Throughout the
surgical procedure, the animals were maintained at deep anesthesia for 40 minutes.
Prior to shaving by a surgical blade, the
frontoparietal region was scrubbed with
povidone iodine 10% in aqueous solution
with 1% of active iodine (PVPI).
A 15 mm long mid-sagital full-thickness
incision was made with a #15 surgical
blade to expose the skull. The skin, muscles, and periosteum were reﬂected to
expose the parietal bones. By means of a
surgical trephine bur of 5.5 mm diameter,
a perforation crossing the parietal’s bone
entire diploe exposed the dura mater at
the bottom of the defect under constant
irrigation with sterile saline solution
(Fig.1).The defect was ﬁlled with the grafting
materials according to Table 1.The control
defect was allowed to ﬁll with blood clot.
The tissues were closed in layers with 4-0
Dexon sutures (Ethicon, Sommerville,
NJ, USA), and 4-0 vicryl sutures
(Hu-Friedy, Chicago, IL, USA).
After four and eight weeks post-surgery,
euthanasia was performed with CO2
inhalation for 10 minutes. After euthanasia,
the crania were carefully dissected free
of soft tissue and the skullcaps were collected and ﬁxed in 4% buffered formalin
for 24 hours. After ﬁxation, the samples
remained in 70% ethanol.
Micro Computed Tomography
The amount of bone ﬁlling the defects
was examined using micro computed
tomography (µCT 40, Scanco Medical,
Basserdorf, Germany) with a slice resolu-

tion of 30 µm. Five hundred and seven
µCT slices were imaged at the skull caps
at an X-ray energy level of 70 kVp, and a
current of 114 µA. Integration time was
150 ms with a total scanning time of 19.8
min (78mAs). The 3D construction of the
calvaria bone was made using a template
restricted to the defect margins.
Statistical Analysis
Statistical analysis was performed
by one-way ANOVA at 95% level of signiﬁcance and multiple comparisons were
performed by Tukey’s post-hoc.

RESULTS
Physico/Chemical Analysis
Powder Morphology
Irregular powder morphology was
observed for the MA1 (Figs. 2a and
2c). Figures 2b and 2d depict the
irregular morphology for the MA2 particles.
Intragranular porosity could be observed
at the ceramic bulk for the MA2 powder,
revealing that the granules were subjected
to a sinterization process or a thermal
treatment and were subsequently milled to
the ﬁnal powder form. Other observations

Figure 8: Mean bone fill percentages in
5.5 mm parietal defect filled with MA1
(Hydroxyapatite/PLGA composite), MA2
(Tricalcium Phosphate), and blood cloth.
(a) After four weeks of healing. (b) After
eight weeks of healing and (c) means ±
standard deviations for the different in vivo
groups (1 – ReOss 4W; 2 – SynthoGraft
4W; 3 – Control 4W; 4 – ReOss 8W; 5
– SynthoGraft 8W; 6 – Control – 8W).
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TABLE 1: MATERIALS AND SURGICAL GROUPS DIVISION
Groups

N

Description
5 MA1*

MA1-4 Weeks

5

5 Control (Blood Clot)
5 MA2**

MA2-4 Weeks

5

5 Control (Blood Clot)
5 MA1

MA1-4 Weeks

5

5 Control (Blood Clot)
5 MA2

MA2-4 Weeks

5

5 Control (Blood Clot)

Legend: * MA1 – Hydroxyapatite PLGA composite / ** MA2 – Tricalcium Phosphate

included a range of particle size for both
powders and particle porous morphology.
Powder Chemical Assessment
Within the EDS interaction/detection
volume, the spectrum showed that both
powders were initially free of contamination. The MA1 EDS spectrum showed the
presence of Ca, P, Si, and Mg (Fig. 3a), while
the MA2 spectrum showed only calcium
and phosphorous peaks (Fig. 3b).
The XRD results for both powders
showed peaks related to biocompatible
Ca- and P-based phases. The XRD spectra presented in Figure 4a showed the
absence of phases secondary to HA for
the MA1 powder. During the reﬁnement
for the MA1 sample, the background
was deﬁned manually since the data was
collected without a pattern and the
amorphous percentage obtained was
high for polynomial deﬁnition. However,
further spectrum reﬁnement was difﬁcult
due to the high background resulting from
the polymeric organic content. Further
investigation of the spectrum at the
region ranging from 20o to 40o 2θ (Fig. 4a)
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showed that the peaks presented a broad
base compared to dense, sintered, crystalline HA (Fig. 4a).
For the ß-TCP, the ﬁnal Rietveld plot
presented in Figure 4b displayed reasonable agreement between the structural
model and the raw data. In general, the
X-ray patterns collected for calcium
phosphates have a great number of
superimposed peaks.The Rietveld method
resolved the peaks for the quantitative
analysis even for low phase’s percentages. Figure 4b depicts the most intense
Bragg reﬂection for ß-Ca2P2O7, according
to ICDD data base 9-346, which was
identiﬁed, and the quantitative analysis
for this phase could be determined at
approximately 9% (Table 2).
The infrared spectra further conﬁrmed
the XRD ﬁndings for both powders,
and are presented in Figure 5. The FTIR
spectrum of MA1 (Fig. 5a) showed
bands characteristic of HA and one
minor ß-TCP band, along with bands
related to the PLGA polymer. The various
bands chemical groups are presented as follows: Band (in cm-1), 3572 – OH-HA; 2998

– C-H-CH3; 2883 – C-H-CH2; 1400 – CO3
-Carbonate, minor; 1187 – C-O; 1087 – v3
PO4; 1039 – Si-O-Si or 1040 – PO4; 960
– v1 PO4; 601 – v4 PO4; and 563 – a-TCP.
For the MA2 powder, the absence
of 460 and 740 cm-1 bands and of an
isolated band approximately at 600 cm-1
characteristic of the a-TCP conﬁrmed
the XRD and Rietveld reﬁnement ﬁndings.
A characteristic of this calcium phosphate
is a wide band from 900 to 1,200 cm-1.30
The band at 1,650 cm-1 was assigned to
adsorbed H2O. The absorption bands at
1,092; 1,044; 1,036; 960; 602; 573; and
475 cm-1 were assigned to the vibration
in the PO43- group. The presence of a
peak at 725 cm-1 is characteristic of the
symmetric mode v(P-O-P) P2O7-4. The
characteristic peak at 1,211 cm-1 refers to
the non degenerate ﬂat deformation of
hydrogen in groups: 3OPO-H----O-PO3,
common in HPO4-2 ions. This is related
to the water molecule interaction in the
crystalline net (Fig. 5b).
Cytotoxicity In Vitro Test
The cytotoxicity evaluation data obtained
for the different extract concentrations of the
powders, negative and positive, material controls is presented in Figure 6.These values are
related to the cell viability at different extract
concentrations.
The index of cytotoxicity (IC50(%)) is
the concentration of the extract necessary to kill half of the cell population. The
negative control (alumina) did not exhibit
any cytotoxicity effect (IC(50%) ~100). In
contrast, the positive control (phenol
solution 0.02 vol %) demonstrated high
cytotoxicity levels (IC(50%) ~0). The powders tested did not show any cytotoxicity
effect up to 50% extract concentration,
where its IC(50%) presented comparable
values relative to the negative control.
At 100% extract concentration the IC(50%)
decreased to ~65 for both materials.
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TABLE 2: RIETVELD REFINEMENT RESULTS FOR HYDROXYAPATITE/PLGA
COMPOSITE AND TRICALCIUM PHOSPHATE SAMPLES
Sample

MA1-Hydroxyapatite HA

MA-2 Tricalcium
Phosphate ß-TCP

ß-Ca2P2O7

a (Å)

9.437±0.000

10.425±0.000

6.689±0.000

b (Å)

9.437±0.000

10.425±0.000

6.689±0.000

c (Å)

6.879±0.000

37.414±0.009

24.152±0.036

V(Å3)

530.80(1)

3521.4±0.2

1080.6±0.2

d(g.cm3)

3.150

3.130

3.125

*RWP

7.31

11.93

11.93

*S

1,82

1,51

1,51

*RB

12,36

5.40

5.50

% mass

100.0

91.04±0.69

8.96±0.86

*R and S indexes are defined in Young & Wiles35

In Vivo Results
The in vivo results showed that both
powder materials were biocompatible,
osseoconductive, and presented the ability to provide physical support for bone
in-growth for the implantation times
investigated. Qualitative analysis showed
that newly formed bone was in continuity with the host cortical and trabecular
bone structure for both materials and
times in vivo.
After four weeks of healing, MA1
and MA2 presented bone formation
located primarily at the central region
and the margins of the defect (Figs. 7a
and 7b). After eight weeks, both materials
presented higher amounts of bone regeneration throughout the critical defect
(Figs. 7d and 7e). As observed at the 3D
reconstructions, the materials appeared
to act as bridges for the bone formation.
The new bone volume to total
defect volume ratios at four weeks
were (mean ± SD) MA1=14.8 ± 7.9%a,
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MA2=16.1 ± 7.2%a, and Control=6.5 ±
1.6%b. At eight weeks, increased values
were observed for both materials,
MA1=22.6 ±7.2%a, MA2=19.9% ± 4.0a,
and Control=7.43±5.23%b (experimental
groups non signiﬁcant compared to four
weeks, Fig. 8).
DISCUSSION
In agreement with previous studies testing HA/PLGA composite and
TCP-based particulate materials, the in
vitro and in vivo results obtained for both
powders supported their biocompatible
and osseoconductive physico/chemical
properties suitable for bone regeneration.14-17 The series of physico/chemical
analytical results, which showed powders
of Ca- and P- based composition of
crystalline phases (primarily HA-based
and ß-TCP-based) known to present
bioactive properties without non biocompatible contaminants, supported the
favorable results obtained in the in vitro

cytotoxicity assessment and in vivo new
bone formation.
The particle morphologies observed
for both powders were representative
of powder shapes and size range utilized
for maxillofacial bone regeneration.8 The
irregular shapes observed for MA1 and
MA2 provided both materials packability
on the critical defects created in the rats’
skulls. However, due to the presence
of the polymer component in MA1, its
placement, shaping, and initial stability was
more easily achieved.
Although both ß-TCP and HA
powders are considered suitable materials for bone regeneration procedures,9,10
the optimal powder composition and
morphology that will render rapid bone
formation in tandem with a gradual temporal dissolution of the powder material
for varied applications has been a source
of speculation for a number of years.18,19
According to the literature,14,20,21
due to its primary composition, the MA2
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powder will present a substantially higher
dissolution rate compared to MA1. In
addition to the higher dissolution rate
compared to pure crystalline HA powders, the presence of approximately 9%
of a secondary phase on MA2 will further
accelerate its initial powder dissolution.15
When considering the possible
routes for ß-TCP synthesis:
2 CaHPO42 H2O + Ca10 (PO4)6(OH)2
==> 2 Ca3 (PO4 )2 +2 Ca2P2O7 + 2
CaO+ 6 H2O or Ca10-x (HPO4)x (PO4)6-x
(OH)2-x (Ca/P=1,50) ==> 2 Ca3 (PO4
)2 + Ca2P2O7 + CaO + H2O, the presence of a low percentage of Ca2P2O7 is
expected.22
While there are concerns regarding
the presence of Ca2P2O7 resulting in a
dissolution rate that is too fast for bone
formation while maintaining appropriate
physical integrity,22 it has been speculated
that the rapid release of Ca and P at the
material surface may be beneﬁcial for
the early stages of wound healing.22 The
potential beneﬁts may arise from the
large availability of bioactive elements at
the material for surface biomineralization
and the stimulation of osteoclasts, and
the potential phenotypic differentiation
of the osteogenic cells.22
On the other hand, it has also
been demonstrated that HA powders
will present a dissolution rate that may
be too slow for total powder material
resorption to occur, possibly resulting in
the presence of HA particles for extended
periods of time after implantation.23 For
this purpose, modiﬁcations such as the
interplay between its macro and micro
porosity, blending HA powder with other
Ca- and P-based phases of faster dissolution, elemental chemistry alteration, and
application of polymeric materials have
been attempted.24,25
Compared to ß-TCP, slower dissolution and bone remodeling is expected

to occur for the MA1 powder. However,
unlike commonly observed HA powders
utilized for maxillofacial purposes, the Si
and Mg content along with the presence of
a PLGA in formulation of MA1 may result
in signiﬁcantly different in vivo behavior
compared to a pure crystalline HA
powder. Si and Mg are known to occupy
the different sites of the HA lattice, and
in reduced quantities have been shown
to increase bioactive ceramics’ osseoconductive properties25 without substantially
altering their dissolution behavior. On the
other hand, the presence of PLGA, which
is a blend of polylactic acid (PLA) and
polyglycolic acid (PGA), will dynamically
change the initial healing kinetics around
the grafted material.26,27
The ﬁnal products of the biopolymers
degradation may positively affect the
host to biomaterial temporal response.
Immediately
following
implantation,
the dissolution of biopolymers such
as PLGA will generate the hydrolytic
release of acids related to the citric acid
cycle. After the hydrolysis, the degradation
follows an oxidation process, transforming
PLA in lactic acid and PGA in glycine and
pyruvic acid. In the presence of acetyl CoA,
CO2 is released and decomposition of PLA
and PGA subproducts to citrate occurs.The
citrate is then incorporated at the citric acid
cycle, resulting in CO2 and H2O, which can
be excreted by urine and/or by the lungs.27,28
Thus, through the course of the biopolymer
degradation, the acidic environment generated during the degradation of the PLGA
content may increase the amount of Ca and
P released from the HA particles, possibly
resulting in an auto-catalytic path as the
MA1 particles are dissolved, exposing more
PLGA from the particle microstructure.
The citotoxicity assay showed
slight cytotoxic levels for both materials
after the extract concentration increase.
However, such slight in vitro cytotoxic at

high extract concentrate values did not
result in adverse effects at the tissue level
since bone regeneration was observed for
both materials in the rat calvaria model.
Over the last few years, µCT has been
used to quantitatively investigate the 3D
trabecular bone structure in physiological
or pathological environment.29 In several
studies, µCT results highly correlated to
those obtained with conventional histology for imaging and quantiﬁcation of trabecular bone structure on human bone
biopsies and animal trabecular bone.30,31
Although the temporal amount of
newly formed bone was not signiﬁcantly
different among and between the materials observed, the spatial distribution of
newly formed bone between groups
was similar showing that, despite physico/
chemical differences, both materials were
biocompatible and osseoconductive.18,19
Also, a temporal increase in the amount
of bone in the critical defects increased
for both materials.
At four weeks implantation time,
higher amounts of bone formation were
observed for MA2 compared to MA1,
whereas at eight weeks, higher amounts
were observed for MA1, although no
signiﬁcant differences in the amounts of
bone formation were observed at both
times in vivo. We speculate that the result
obtained at four weeks was due to the
higher dissolution properties presented
by the ß-TCP-based powder along with
the more intense initial inﬂammatory
process due to the MA1 biopolymeric
component which possibly resulted in
a foreign body reaction inﬂammatory
response.32,33 However, while the µCT
imaging provided insight concerning the
critical size defect healing between MA1
and MA2, future studies evaluating the
temporal tissue and cellular level events
during wound healing through histology
are recommended.
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CONCLUSION
This study comprised the characterization, and the in vitro and in vivo biocompatibility evaluation of a hydroxyapatite/PLGA composite and a ß-TCP bone
grafting particulate materials. Despite
the substantial compositional differences
determined by the physico/chemical characterization, non-signiﬁcant differences in
the amount of new bone formation were
observed between materials.
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The evolution of oral implantology
over the past 40 years has taken many
pathways. The profusion of implant
architectures, both in their macro and
micro-designs, has made it clear that
there is no linear path to a more ideal
implant interface or functional design.
The ever increasing manufacturing base
for implant production has presented
an increasing dilemma for clinicians who
must select the appropriate implant for
a par ticular case. This conflict between
“market versus science-based” implant
designs has been played out in clinical
practice, often to the detriment of the
patients we treat. While the parameters for successful implant design have
changed considerably in the past decade,
we find that by combining biologic and
engineering-driven alternatives, we can
more closely meet the new criteria for
ideal clinical outcomes.

HISTORICAL PERSPECTIVE
Over ten years ago, an international coalition of dental professionals,
biologists, design engineers, and manufacturing craftsmen were assembled to
fur ther the evolution of existing dental
implant technology. With a fresh slate,
they began a design and development
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project that was global in extent and
encompassed many years of research
and analysis. By analyzing “proven”
designs and the latest and most valid
biological principles, they realized that
within this multidisciplinary data, there
existed the oppor tunity to provide the
field with significant advancements in
the design of implant systems. Armed
with this new database of knowledge, a
prototype implant and delivery system
was developed. It was named the
Intra-Lock System® and was marketed
for almost a decade in Europe and the
Americas. Tens of thousands of implants
were placed and evaluated. Clinical success, patient acceptance and confidence
in this system by the practitioners who
used it led to the worldwide debut of
Intra-Lock International, Inc.® in 2001.
A CLOSER LOOK AT THE
INTRA-LOCK® DENTAL
IMPLANT SYSTEM
Any critical analysis of an implant
system must take into account all of the
features available to the clinician. If we
closely examine the Intra-Lock System®,
from the prosthetic platform to the
apical end, we find a series of advanced
designs that address the biologic short-
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comings of previous implant systems.
Abutment design, macroarchitecture,
biologically active surfaces, and the
economy of instrumentation needed
for clinical use are parameters that give
true meaning to the concept of “intelligent engineering”. System components
should be synergistic in the sense that
they simplify surgical placement, have
prosthetic variability to address a wide
spectrum of applications, and respect
the biologic component of healing and
maintenance of the soft and hard tissue
envelope. The Intra-Lock International®
system addresses all of these parameters and provides a total solution for
the discerning implantologist.

OSSEANTM SURFACE TREATMENT
Surgical principles in oral implantology are returning to a paradigm of early
or immediate loading of dental implants.1
Respect for both prosthetic and biologic
principles is imperative. When a dental
implant is placed, the bone-to-implant
interface is weaker at two weeks immediately after implant inser tion because of
an inflammatory cascade and catabolic
events which result in bone breakdown
and remodeling.2 This places the implant at risk if it is placed in immediate
function or in an extraction site with a
significant defect. Previous implant coatings, such as plasma-sprayed HA, have
attempted to address this breakdown
phase with mixed success.3 Earlier
amorphous HA coatings were highly
osteoinductive because of the bioavailability of free calcium ions.4 Studies of
HA coated implants in the ‘80s clearly
demonstrated earlier osseointegration

and a higher bone-to-implant contact.5
However, the low crystallinity of the HA
coating led to fractures of these coatings
and severe peri-implant infections after
loading.6 For over a decade, clinicians
avoided HA coatings. In an attempt
to eliminate these clinical problems,
manufacturers subsequently changed
the HA formulation to approximately
97% crystallinity. This solved the fracture
problem but had the opposite effect on
osteoinductivity. Highly dense HA does
not resorb to any significant degree.
This dramatically reduces the bioavailability of free calcium from the implant
surface. Therefore, current HA surfaces
have limited biologic interaction when
compared to newer acid-etched titanium surfaces and no longer offer any
significant clinical advantage.7

In 1991, the concept of “bonebonding” was first described.8 Different
from the type of interface originally
described by Branemark and known
as osseointegration, bone-bonding is
characterized as an interfacial bond
between the bone and implant surface
that exceeds the cohesive strength
of either bone or implant.9 A chemical interaction occurs between bone
and implant that enhances both bone

Figure 1: SEM of Ossean surface at high
magnification (50,000X).

Figure 2:Auger spectroscopy demonstrating
even distribution of the calcium phosphate
surface.
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Figure 3: Drive lock engaging the implant
from the sterile delivery system.
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cystallinity and adhesion, and can be
demonstrated when calcium phosphate
materials are present in the correct
concentrations.10 The introduction of a
nanotextured surface, fur ther enhanced
by molecular impregnation with calcium
phosphate, has been shown to significantly enhance osteoblastic activity and
thereby eliminate the catabolic phase of
bone remodeling (Fig. 1).11

weeks exhibited a 100% greater bone
adhesion than the implants without the
surface modification. In a second study,
implants from two other competing
manufacturers were tested against a
similar macro-architecture Intra-Lock®
implant. In this study, when compared to
a par ticulate calcium phosphate coating
and a TiO blasted + HF etched surface,
at one week the Intra-Lock® implants

In addition, the OsseanTM surface
dramatically increases the rate of
osteoblastic synthesis of type I collagen,
thus promoting osseointegration and
reducing the chances of early failure
of immediately loaded implants.12 Even
distribution of the calcium phosphate
surface is critical to control the physiology of osteoblasts (Fig. 2).
This increase in bone-bonding
strength is clearly demonstrated in a
study conducted by Coelho, et al, where
Intra-LockTM implants with and without
the OsseanTM surface were tested
in a reverse torque pullout study.13
The OsseanTM surface implants at two

had a 500% greater bone-bonding shear
strength as demonstrated in a reverse
torque pullout study.14 The conclusion
reached by both studies is that there is
a limitation of biologic activity on purely
etched surfaces and there is also a qualitative difference in some nanotextured +
calcium phosphate impregnated surfaces.
The OsseanTM surface is clearly biologically
active in the sense that bone goes directly
to the anabolic phase without intervening bone breakdown. This is extremely
important in immediate load cases and
for extraction site defects where the
percentage of initial bone-to-implant
contact is compromised.15
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DRIVE-LOCKTM
Implant surgeons with experience
using multiple implant systems often have
a collection of prosthetic instruments
that may not be interchangeable. Within
a given system, multiple instruments may
lead to lost time and confusion in implant
placement. Additionally, implant mounts
are often discarded as an unnecessary
component in implant placement. The
Intra-Lock System® replaces multiple
instruments with a single driver called
“Drive-Lock”TM. This driver is not only
exceptional in engineering, but is also a
perfect example of ergonometric design
and economy of movement. In a sterile
shipping mount, the implant is suspended
on a titanium ring. When the surgeon is
ready to deliver the implant to the surgical
site, the Drive-LockTM driver simply engages,
with a slight degree of pressure, the implant
interface. An O-ring on the driver holds the
implant securely in place. The implant can
then be removed and carried directly and
conﬁdently to the osteotomy site, where
the seating of the implant is then initiated,
all in one ﬂuid motion.
Another consideration is the
strength of the implant system. Every
aspect of the implants, the attachments,
and the instruments are subjected to
clinical, mechanical, and computerized
stress analyses. Intra-Lock Systems® are
built to withstand forces that exceed
applied clinical stresses by a wide
margin. Therefore, when the implants
are being placed, they can be inser ted
with confidence, and without fear of
deformation of the prosthetic interface
connection. Final seating can be accomplished with a motor or, if you prefer,
with a compatible hand ratchet driver.
The tip of the drive-lockTM attachment
is also a 1.3mm hex driver. It carries the
cover screw to the implant and threads
it into place. There is no need for any

other instrumentation and is designed
for ease, safety, precision, and speed in
implant surgery (Fig. 3).
Drive-LockTM offers another signiﬁcant
advantage. Most implant systems have a
driver that engages the prosthetic platform.
As torque values increase during implant
placement, there can be a deformation of
the platform (internal or external) which
compromises both abutment stability and
sealing capacity. Signiﬁcant deformation
can result in a cold weld of the mating
surface, making removal of the driver quite
difﬁcult and potentially micro-fracturing
the bone-to-implant interface. Intra-Lock
International® created and patented the
Drive-LockTM (US Patent #7,131,840
and International patents pending) to
allow easy insertion and removal. It takes
over 200 Ncm of torque before any
deformation of the prosthetic interface
can be detected.
ABUTMENT DESIGN
The first anti-rotational abutment
system was the Branemark external
hex. Originally designed solely to allow
the engagement of a driver to seat the
implant, it was ultimately adapted to prevent the rotation of abutments placed
on the implant body. The shor t height
of the hex, and the lack of an abutment
with correct tolerances, made it a poor
choice for stabilization of a single tooth
restoration.16 In addition, the flat to flat
abutment connection allowed percolation of fluids and a bacterial component
into the implant connection.17 This
pumping action during cyclical loading
ultimately places stress on the retaining screw.18 Screw loosening became
endemic in this design with failure of the
prosthetic components and soft tissue
volume.19 The move from external to
internal attachments began as a means
to mitigate the loosening of abutments

Figure 4: SEM cross section of
Intra-Lock® abutment in the implant.

Histological response to MILO® Wide Pitch
at two week healing time.

Immunofluorescence optical microscopy
showing accelerated bone formation around
MILO® Wide Pitch Implants at two week
healing time.
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Figure 5: The CT implant design.

Abutment implant interface.
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as they were being subjected to clinical
functional forces. A clinical byproduct of
this change, as noted radiographicaly, was
a decrease in crestal bone remodeling.
Percolation of fluids during the
normal micro-mobility that occurs at
the implant-abutment interface leads to
bacterial infiltration.20 Chronic inflammation results in the production of
matrix metalloproteanases (collagenase,
gelatinase, elastase) which cause soft
tissue breakdown and the potentiation
of osteoclastic activity.21 The challenge,
therefore, was to reduce microleakage
at the implant/abutment interface.
Intra-LockTM engineers proceeded
to develop a ferrule attachment in combination with both inside and outside
stabilization (Fig. 4).
In a recent study conducted by
New York University Department of
Biomaterials and Biomimetics, some of
the leading abutment designs were tested
and compared for microleakage. The
Intra-Lock® abutment was shown to be
superior. It clearly and signiﬁcantly reduces
microleakage when compared to various
attachment designs of its competitors.22
This signiﬁcant reduction in microleakage
will reduce the concentration of inﬂammatory compounds being produced, which
helps to prevent resorption of the interdental bone and thereby preserve papillary
support for aesthetics. A more stable joint
will also decrease stress to the retaining
screw. Retention of the abutment should
be borne primarily by the abutment at the
joint interface. There should be stability of
the abutment after primary torque even if
the retaining screw is removed.The ferrule
attachment gives us this kind of stability
and is responsible for the dramatic reduction in microleakage. In addition, there is a
choice of abutment diameters, giving the
clinician an option for a platform shifted
emergence proﬁle.

When evaluating an abutment
system, the clinician should be looking
for several features. First, is prosthetic
variability. Is there sufficient adaptability
for all types of prosthesis planning, from
removable overdentures to complex
fixed restorations, both in the provisional and definitive stages? Second, is
the accuracy of impression and record
taking. Third, is the stability of the abutment interface if the final abutment
must be transferred from lab model
to the mouth several times during the
try-in phase. Finally, the abutment should
eliminate flexural opening at the margins
during function to reduce microleakage
at the implant-abutment interface. The
Intra-Lock® abutment clearly meets all
of these parameters as demonstrated
by university studies. This gives clinicians
the confidence needed for long-term
success in prosthetic rehabilitation.
FULL RANGE OF IMPLANT
ARCHITECTURES
Most implant companies manufacture an implant system that consists
of a single macroarchitecture with the
variables being only length and diameter.
This “one-size-fits-all” mentality fails to
address the challenges of implant sites
where volume, density, and extraction
site defects compromise initial stability
and healing. Intra-Lock International®
offers several different architectures and
thread designs, each of which is engineered to be “site-specific”.These designs
range from relatively parallel-walled to
a fully tapered architecture for greater
initial stability. Intra-Lock International®
researchers and engineers are currently
developing an implant architecture
based on a patented concept of radial
compression threading. This new thread
design will offer increased stability and
guidance during implant placement in
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extraction sites where bone-to-implant
contact can be substantially lower than
in healed sites. All of these designs
employ Drive-LockTM technology and
have the OsseanTM surface treatment
for enhanced healing. Collar lengths
are also variable so that the restorative
dentist can maintain control of the prosthetic emergence profile. In ridges with
compromised width, the CT implant line
functions as an osteotome to spread the
ridge during implant seating (Fig. 5).
As clinicians move towards early
and immediate implant loading, having an
implant system that allows the surgeon
to select an implant architecture with
the greatest stability at time of placement provides security and an enhanced
healing response, especially in extraction site defects. All two-piece implant
deigns from Intra-LockTM use the same
prosthetic parts for both provisionalization and the definitive prosthesis.
From surgical placement to final
prosthetic reconstruction, the IntraLock System® is designed to give the
entire implant team complete control
during patient treatment. This makes the
Intra-Lock System® the logical choice of
discerning implantologists.

SMALL DIAMETER IMPLANTS
For immediate stabilization of
dentures, provisional prosthetics, or
replacement of mandibular incisors
and maxillary lateral incisors, small
diameter one-piece implants can be a
logical alternative to traditional implants,
especially in compromised ridges. Also

known in the literature as mini or narrow diameter implants, the MDL® and
MILO® implant lines are FDA approved
for all intra-boney sites and applications.
These implants are available in 2.0 mm
and 2.5mm for the MDL® implants,
and 3.0 mm diameter for the MILO®
implant. Only one 1.2mm externally
irrigated drill is necessary for the MDL®
line. Light, intermediate introduction
of this drill breaches the gingival tissue and periosteum. Drilling depth is
approximately one-third the length of
the implant body after the cor tical plate
has been perforated. The MDL® contraangle attached snaps over the O-ball
assembly and engages the square driving feature. The implant is then carried
directly to the surgical site and placed
in the pilot hole. The MDL® sharp apical
guiding point initiates the self-tapping
action. The implant star ts to rotate at
approximately 15 rpm, allowing it to cut
through the alveolus. The MDL® implant
subsequently threads and expands the
bone within the visco-elastic limit. Once
in place, the implant is firmly retained by
the elastic proper ties of the bone, and is
ready for immediate loading. Retentive
o-ring housings can then be picked-up
in the patients denture and the patient
leaves the office with an implant stabilized overdenture (Fig. 6).

Figure 6: Immediate stabilization of mandibular
denture with small diameter implants.

ONE-PIECE IMPLANT.
MULTIPLE APPLICATIONS.
Dental Implantology star ted with
one-piece implant designs, however
they lacked functionality. With a standard one-piece implant design the
practitioner is faced with the limitations
of the implant’s built in abutment design.
Corrections for angulations and margins,
have to be accomplished in the mouth.
Intra-Lock’s small diameter systems
address this drawback. They accept a
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full selection of abutments that fit over
the O-Ball assembly. This patented (US
Patent 7,217,130) Cement-OverTM
Abutment System permits an impression
technique through transfer and analog
preserving precious chair time. The
abutment is customized at the lab, and
the final crown built right at the same
stage. In addition to a healing cap, abutment selection includes: wide, straight,
angled, castable, and or thodontic.
MILO® small diameter implants also
have FDA clearance for replacement of
mandibular central/lateral incisors as well
as maxillary lateral incisors. Analysis of
shear strength of small diameter implants
indicates that they are actually stronger
than some larger diameter implants with
internal attachments. Due to their size
and clinical protocol, a factor that must
be taken into consideration when deciding which mini implant system to use is its
strength in terms of resistance to static
and dynamic forces. An accepted method
of determining these qualities is set forth
by the International Test Standard: ISO
14801:2003(E) – “ Dentistry — Fatigue
Test for Endosseous Dental Implants.”
This series of tests were preformed by
an independent laboratory. In addition
to substantiating the implant’s adequate
resistance to fatigue forces it also revealed
that the static properties of the Intra-Lock
Mini Dental Implants had a mean ultimate
load that was 37.5% stronger than an mini
implant on the market and in widespread
use for over a decade.23
When used in the appropriate sites,
small diameter one-piece implants can
be a better choice when the alveolus is
compromised or where there is minimal
space for implant placement but aesthetics
is still critical. A wide variety of abutments
are also available, making small diameter
MDL and MILO implants an ideal choice
in challenging implant cases.

36 | TITANIUM

SYNOPSIS
Intra-Lock International® is a full
featured implant company that provides
the highest quality products to the implant
community. This pursuit of excellence
is deeply rooted in its corporate philosophy of balancing research, engineering,
manufacturing, and marketing. There is an
enduring commitment to the clinician to
provide implant components that have
undergone the most rigorous engineering and biologic analysis. The conﬁdence
that this philosophy engenders has made
Intra-Lock International® one of the fastest
growing implant companies in the world.
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Interaction between an ar tificial
device and living tissue is a fascinating
field of exploration and science. In the
last 30 years, we have been observing an
ever-increasing convergence of diverse
and multiple branches of science. Today,
a good specialist can no longer rest
on what was learned from the elders
on the benches of the University.
Cross-discipline education and constant
perusal of the scientific literature is a
must for the contemporary practitioner.
Thus, a periodontologist must have
a basic understanding of advanced
immunology, the immunologist must
understand some advanced biochemistry, and the biochemist needs to
remain updated in advanced physics and
mathematics. In addition, all can benefit
from a good dose of philosophy, which
is indispensible for gaining a perspective
on matters and for the conceptualization of complex theories.
The concept of “gaining a perspective on matters” begs the question, “Are
we seeing a new “renaissance” taking
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revenge on the ultra-specialists from
the seventies?” Is this generation, who
were sadly lacking in even the most
rudimentary skills required for good
communication and understanding, isolated in their “ivory towers” and simply
“too intelligent” to impar t the essence
of their arcane knowledge beginning to
wane? Is a new generation, a “missing
link” between the intellectually gifted
and the “generic” practitioner beginning
to emerge? If that be true, it would
indeed be a boon to all mankind. One
can only hope for the best and for the
proliferation of this rare “new breed”.
Going back to the interactions
between an implant and its surrounding
tissues, the works of Professor Per Ingvar
Branemark had the merit to clearly
establish the basics of osseointegration
and show that bone heals uneventfully
when properly placed in close contact
with Titanium. But that was only a beginning. Too many questions were left with
no good answer ; why do we witness
implant failures, usually at early stage of
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SEM image of OSSEAN Surface at 10,000X.

SEM image of OSSEAN Surface at 30,000X.
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bone repair? Do all the implant designs
trigger the same response from the
bone? Is bone healing always the same,
regardless of thread design, surface
characteristics, load or no-load, degree
of approximation, etc.?
For example, consider the multitude
of screw designs on the market, with so
many surface finishes, but no real study
to validate the merits of said refinements. Instead, we are bombarded by
adver tising claims, numerous anecdotal
and clinical case repor ts, a modicum of
literature dispensed from Universities
(on behalf of those interests providing
multi-million dollar grants), but recently
we have witnessed some comprehensive
research-driven designs.
An example of the latter can be
seen in the work of Berglundh et al 1.
This repor t demonstrated that changing thread design and drilling sequence
could significantly alter the kinetics of
bone healing. Coelho et al2 also provided evidenced that a thread design
change, combined with a change in
drilling sequence would speed up bone
formation by a factor as great as ten
times. The data are impressive, and even
more impressive when you consider
the fact that these experiments were
still looking at a macro scale; where we
can see changes that were made to the
implant and could be discerned by the
naked eye!
The history of surface modifications
has also undergone its share of trial and
error, going from machines surfaces to
TPS and plasma spray Hydroxyapatite.
A consensus has emerged from the
scientific community with respect to
this characteristic, and the verdict has
been established: micro-rough surfaces
are the pick of the litter. Despite the
fact that the technologies employed to
generate these surfaces may vary from

one manufacture to another, the same
profile and the same surface chemistry
will provide the same biological response.
An impor tant difference to note in this
advance is that whereas the changes
in thread design and drilling sequences
are discernible by the human eye, the
perception of significant surface changes
can only be determined via microscopic
examination. Kikuchi et al3 have shown
that the surface characteristics that
exist at this level are essential for platelet activation. They have concluded that
surface profilometry at the microscale
level is more impor tant than surface
chemistry. At this level of technology,
the changes are on the micro scale.
Nowadays, most of the implant
manufactures have remained at this
level even if many use the “buzz-word”
of nanotechnology. Nanotechnology is a
relatively new science (under 30 years
old) and its development increased
exponentially in the nineties with the
introduction of the Scanning Tunneling
Microscope and the Atomic Force
Microscope. The discipline encompasses
various areas: nanomaterials and molecular nanotechnology. It is fascinating
to discover that a well known periodic
element as stable and chemically inert as
Gold (Au), functions as a potent catalyst
when used at a nanoscale. Molecular
nanotechnology consist of building
complex structures, using the atoms as
elemental bricks.
Nanoprofilometry is often confused
and taken for nanotechnology, but they
are not synonymous. They are as different as “looking” versus “doing”.
Vetrone et al4 recently showed
in 2008 that nanostructured surfaces
influence the behavior of various cell
types and even alter the potential for
the differentiation of stem cells. The
Ossean® project was initiated under my
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SEM image of OSSEAN Surface at 100,000X.

SEM image of OSSEAN Surface at 200,000X.
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responsibility in 2005, and the surface
was launched in 2007. It is characterized
by a fractal structure with the same pattern repeating itself from the macroscale
to the microscale, then to the nanoscale
and beyond. There is no addition of any
par ticle of any kind on the surface but
rather, an elemental modification of the
surface chemistry within the Titanium
Oxide layer via the incorporation of
Calcium Phosphate. High resolution
SEM shows at 200,000X magnification,
the nanotexture of the surface. Pristine.
Devoid of any par ticle or contaminant.
Calcium Phosphate is evidenced under
XPS-ESCA or Auger Spectroscopy. The
clinical ramifications are impressive:
Marin and Al5 showed values of torque
removal at two weeks post-implantation
to be double on Ossean® surface implants
when compared to a standard Blasted/
Acid etched implant. Another paper
from Coelho and Al6 (to be published),
shows a comparative study between
Ossean® Intra-Lock implants, and two
other leading brand implants, (same
size, same shape, same thread pitch.)
The ﬁrst part of the study consists in
measuring the torque removal at one
week and three weeks after implant
placement. The results show a 500%
increase of torque value at one week
for the Intra-Lock Ossean® surface
implant over the other two implants.
Those results are mind-boggling when
we put in perspective the fact that it was
a given that osseointegration has to go
through a catabolic phase prior to entering the anabolic phase. It is postulated
that the Ossean® surface changes the
genetic “fate” or the coding of the surrounding cells.
Similar conclusions can be drawn
from another study to be published
by Piatelli et al7. In this human study,
Ossean® surface implants have been

compared to the same implant shape
with a conventional Blasted/Acid Etched
surface. An osteocyte count has been
performed adjacent to the implant surface and at distance. The results show
a 50% increase of those precious cells
compared to the control.
These studies and other data
confirm the fact that we are not only
working at the nanoscale, but also within
the true realm of nanotechnology, at the
molecular level.
These recent findings are changing
the paradigm of tissue healing around
implants, and will enable us to define
the process of osseointegration with
greater precision and depth of understanding.
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Immediate Implantation With a Flap or
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Background: The aim of the present pilot study was to evaluate the buccal bone remodeling
after immediate implantation with flap or flapless approach in mongrel dogs.
Materials and Methods: The mandibular bilateral premolars of three dogs were extracted
and three implants were immediately installed in both hemi-arches of each dog. Randomly, one
hemi-arch was treated with the flapless approach (experimental group); while in the contra lateral
hemi-arch, tooth extractions and implant placement were done after mucoperiosteal flap elevation
(control group). A 1mm gap from the buccal cortical wall to the implant was always left and after
the adjustment of the healing caps, a non-submerged healing of 12 weeks was provided for both
groups. Histomorphometric analysis was done to compare buccal and lingual bone height loss, bone
density, and bone-to-implant contact in the groups.
Results: There was a signiﬁcant association between the surgical ﬂap and the extent of bone resorption around immediate implants. The loss of buccal bone height was signiﬁcantly lower in the ﬂapless
group when compared to the ﬂap group (0.98 mm x 2.14 mm, respectively, p<0.05). The coronal and
apical buccal bone densities of the ﬂap group were signiﬁcantly higher when compared to the lingual
components, indicating anatomical differences between the bone plates. The marginal gaps between the
buccal walls and the implants disappeared without the migration of connective tissue for both groups.
Conclusion: The flapless approach for immediate post-extraction implants reduces the buccal
bone height loss.
Key words: animal model, bone resorption, immediate implants, flapless surgery
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Figure 1: Pre-operative view.

Figure 2: One random hemi-arch was
treated with the flapless approach.

Figure 3: The opposite hemi-arch was
treated with a mucoperiosteal flap.

Figure 4: Three implants were immediately inserted in the mesial alveolus of the
correspondent three pre-molars in both
hemi-arches of each dog. A jumping gap of
1mm from the buccal cortical wall to the
implant was always left.
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INTRODUCTION
There is a consensus that tooth loss
implicates a progressive involution of the
alveolar bone in an apico-coronal as well
as in a bucco-lingual direction.1-4
It has been proven that after the
extraction of natural teeth, the greatest
reduction of the alveolar bone occurs
within the ﬁrst months.4-8 As a result, a race
towards shortening the treatment period
previously required with implant therapy
was initiated. The immediate implant
placement into fresh extraction sites has
been demonstrated as an effective therapy
not only because it reduces the number of
surgical procedures,9-15 but also because it
facilitates the preservation of the morphological contour of the ridges.10,13 However,
some studies in animals have shown a
pronounced resorption of the buccal, and
to some extent, the lingual bone plates
after implant placement in fresh extraction
sockets that resulted in a marked reduction
of the thin buccal hard tissue height.16,17
The surgical procedure of immediate
implant placement must fulﬁll several important conditions, such as
non-traumatic tooth extraction and primary stability. While the primary stability
could be obtained allocating the implant
3-5 mm apically in the host bone,12 a
non-traumatic extraction is aimed at
the preservation of the integrity of the
buccal plate, which could provide a
self-contained defect around the implant
with higher potential of regeneration.18
The buccal bone plates of fresh
extraction sockets are signiﬁcantly
thinner when compared to the lingual
component as observed in animal and
human studies.5,6,17,19,20 This anatomical
characteristic has to be considered to
avoid pronounced buccal bone remodeling after immediate implant placement.
The surgical technique for tooth
extraction and immediate implant

placement frequently involves sulcular
incisions and mucoperiosteal ﬂap
elevation. However, displacement of
the periosteum and exposure of the
alveolar bone result in an acute inﬂammatory response and consequently in
bone resorption.21-23 Araújo and Lindhe5
observed osteoclasts on surgical exposed
alveolar bone areas during the ﬁrst two
weeks of wound healing. Besides, Wood
et al.,23 Yaffe et al.24 and Araújo et al.6
also described pronounced loss of the
buccal bone wall, but not of the thicker
lingual wall, in mucoperiosteal surgeries applied in periodontal treatment of
dentate areas. These ﬁndings suggest that
remodeling of the buccal bone following
immediate implantation could be due to
the anatomical characteristics of the buccal bone and to the mucoperiosteal ﬂap.
The aim of the present pilot study was
to evaluate the buccal bone remodeling
after immediate implantation with a ﬂap
and ﬂapless approach in mongrel dogs.
MATERIALS & METHODS
Surgical Procedure
The study protocol was approved
by the Animal Research Committee
of the School of Dentistry of Ribeirão
Preto- University of São Paulo and was
performed in three young adult male
mongrel dogs that weighed approximately 20 kg.The animals presented intact
maxillas, no general occlusal trauma, and
no oral viral or fungal lesions and were
in good general health with no systemic
involvement as determined by a veterinarian following clinical examination.
Food was withheld the night
preceding surgery. The animals were
pre-anaesthetized with acepromazine
0.2% - 0.05 mg/kg IM. An intravenous
catheter was then placed in the foreleg
for induction with thiopental 2.5% - 5 a
8 mg/Kg IV. Animals were thus moved
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to the operating room and maintained
on gas anesthesia (1–2% isoﬂurane/O2
to effect). Conventional dental inﬁltration
anesthesia was used at the surgical sites.
The animals received a slow constant
rate infusion of lactated Ringer’s solution
(10–20 ml/kg/h IV) to maintain hydration
during surgery. These procedures were
undertaken under the supervision of a
veterinarian.
The surgical procedures for the mandibular premolar extractions were done
in each hemi-arch of each dog (Fig. 1).
Randomly, one of the sides was treated
with the ﬂapless approach (experimental
group Fig. 2), while the contralateral side
was treated with mucoperiosteal ﬂaps (Fig.
3). The teeth were sectioned in a buccolingual direction at the bifurcation so that
the roots could be individually extracted
using a periotome, without damaging the
bony walls. After alveolar debridement,
three Ankylos® implants measuring 3.5
x 9.5 mm (diameter and length, respectively) were immediately inserted in the
mesial socket of the correspondent three
pre-molars in both hemi-arches of each
dog, totaling 18 implants in the experiment. The implants were placed at the
level of bone crest and a jumping gap of
1 mm from the buccal cortical wall to the
implant was always left (Fig. 4) without
invading the lingual bone plate with the
drill or the implant. Subsequently, healing
caps of 1.5 mm in height were adjusted in
order to provide a non-submerged healing in both groups (Fig. 5). The ﬂaps of
the control group were repositioned and
sutured with absorbable sutures (Vicryl,
Ethicon, Inc., Johnson & Johnson Company,
São José dos Campos-SP, Brazil.), while
the soft tissues were accommodated and
then sutured in the experimental group.
No grafting materials were used in the
gaps between the buccal plates and the
implants. The animals received painkillers

and anti-inﬂammatory agents. A broad
spectrum antibiotic (penicillin and streptomycin 20,000 IU; 1.0 g/10 kg IM) was
administered immediately post-surgery
and re-dosed after four days. The animals
were maintained on a soft diet for 14
days after the sutures were removed. The
healing was evaluated weekly and plaque
control was maintained by ﬂushing the
oral cavity with chlorhexidine gluconate.
The remaining teeth were cleaned
monthly with ultrasonic points and all
implants remained non-submerged
during the experimental period.
Sacriﬁce and Histological Processing
The animals were sedated and then
sacriﬁced with an overdose of thiopental
12 weeks after implant placement.
The hemi-mandibles were removed,
dissected and ﬁxed in 4% phosphatebuffered formalin pH 7, for 10 days, and
transferred to a solution of 70% ethanol
until processing. The specimens were
dehydrated in increasing concentrations
of alcohol up to 100%, inﬁltrated and
embedded in LR White resin (London
Resin Company, Berkshire, England), and
hard-sectioned in bucco-lingual direction
using the technique described by Donath
and Breuner.25 The most central sections
were stained with Stevenel’s blue and
Alizarin red S for histometric analysis using
optic microscopy.
Histomorphometric Analysis
Longitudinal buccal-lingual histological
sections from each implant were captured
through a video camera Leica DC 300F
(Leica Microsystems GmbH, Nussloch,
Germany) joined to a stereomicroscope
Leica MZFL III (Leica Microsystems
GmbH, Nussloch, Germany). The
images were analyzed through the Image
J program (National Institutes of Health,
Bethesda,USA). The buccal bone wall

Figure 5: Healing caps of 1.5mm in height
were adjusted in order to provide a nonsubmerged healing.

Buccal
Bone
Height
Loss

Figure 6: Buccal bone wall resorption represented as a linear measurement.

Figure 7: Bone density determined within
the rectangles. The yellow rectangles represented the bone density adjacent to
the implant surface (BDA), and the white
rectangles represented the bone density
distant to the implant surface (BDD). This
analysis was done coronally and apically.
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resorption was determined in relation
to the lingual bone wall as a linear measurement (relative measurement, Fig. 6).
The buccal and lingual bone plates were
also measured from the shoulder of the
implant to the ﬁrst bone-to-implant contact
(absolute measurement). The percentages
of bone-to-implant contact (BIC) were calculated throughout the implant perimeter,
from the ﬁrst coronal bone-to-implant
contact, considering the mineralized bone
in direct contact with the implant surface.
The bone density was determined within
two rectangles, one of them adjacent to the
implant surface (BDA), and the other as a
mirror image of the ﬁrst, but distant to the
implant surface (BDD, Fig. 7). This analysis
was done in two different positions of
the implants; one coronal, and the other
apical, permitting an intra-group evaluation.
The bone density measurements evaluated the percentages of mineralized bone
in relation to the percentages of marrow
cavities. A single examiner captured the
measurements with no knowledge of the
experimental groups.
Statistical Analysis
Mean values and standard deviations
were calculated. The data were grouped
using the dogs as units for analysis. The
mean differences between the groups for
each histomorphometric parameter were
analyzed through the Mann-Whitney
nonparametric test with a conﬁdence
level of 95%.
RESULTS
Clinical and Histological Observations
Healing was uneventful for all
animals and no implant was lost. All
implants were osseointegrated after a 12
week postoperative period. The marginal
gaps between the buccal walls and the
implants disappeared without the migration of connective tissue in both groups.
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Histomorphometric Analysis
The loss of buccal bone height,
which is a relative measurement that
depends on the behavior of the lingual
bone plate, was statistically lower in the
ﬂapless group when compared to the
ﬂap group (0.98 mm x 2.14 mm, Table
1). Additionally, the comparisons of the
absolute values of bone loss around the
implants for the ﬂapless and ﬂap groups
showed statistically signiﬁcant differences
between the buccal bone resorption
of the experimental groups, but not
between the lingual remaining bone
heights (Table 1). The comparisons within
the groups showed statistically signiﬁcant
differences between the buccal and
lingual bone resorption in the ﬂapless
and ﬂap groups (Table 1). The loss of the
buccal bone in the ﬂap group was more
than 100% greater than the lingual bone.
The buccal bone density was
numerically higher in all the parameters
evaluated when compared to the lingual
bone density. These differences were
statistically signiﬁcant for all of the comparisons tested, except for the ﬂapless
coronal buccal bone density (Table 2).
Although the buccal bone density was numerically higher for the ﬂap
group compared to the ﬂapless group,
these differences were not statistically
signiﬁcant for both coronal and apical
parameters (Table 2).
The comparisons between coronal
and apical bone density were statistically signiﬁcant only for the lingual
bone for both ﬂapless and ﬂap groups,
with the apical bone having a lower
density (Table 2).
There were no statistically signiﬁcant
differences between adjacent and distant
bone densities for all of the possible
comparisons (Table 2).
All of the implants presented
considerably good indications of bone-

to-implant contact, and the results were
remarkably similar between the groups.
The buccal BIC in both groups is numerically higher when compared to the lingual
BIC results, and statistically signiﬁcant in
the ﬂap group (Table 3).
DISCUSSION
The ﬂapless surgical approach
signiﬁcantly favored the maintenance of
the alveolar buccal plate after immediate
implant placement, and a reasonable
explanation could be the preservation
of the periosteal vascular network.
In the present pilot study, the only
difference between the groups was the
ﬂap elevation in the control group and
this group exhibited at least twice the
buccal bone height loss when compared
to the ﬂapless group. Cardaropoli et al.26
with the same proposition, but using eight
beagle dogs, found even better results
than the current ones. They recorded a
buccal bone loss of 0.6 mm at the test
immediate implants treated with the
ﬂapless surgery while the bone loss at
the control implants was 2.11 mm.
Despite the fact that ﬂapless implant
surgery has recently been described as
a minimally invasive surgical approach
that provides esthetic and comfort,27,28
the present study focuses on another
advantage of this technique in immediate
post-extraction implant placement: the non
detachment of the periosteum in order to
guarantee a source of vascular supply to
the buccal and lingual bone plates.
In the ‘60s, Wilderman et al.29 has
primarily demonstrated that “although
the exposure of bone by surgery allows
observation, some bone resorption is
the penalty for this type of examination,” especially when dealing with the
buccal bone plate over the tooth root
area. In general, the bone surface that
is temporarily exposed undergoes a
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TABLE 1: LOSS IN BUCCAL AND LINGUAL ALVEOLAR BONE HEIGHT (MM)
Relative Measurements

Absolute Measurements

Flapless

Flap

Flapless

Buccal X Lingual

Buccal X Lingual

Buccal

Lingual

Buccal

Lingual

Mean

0.98 *

2.14 *

2.46 × §

1.48 ×

3.83 � §

1.70 �

SD

0.45

0.34

0.42

0.27

0.21

0.31

Flap

Legend: * p<0.0001, × p<0.0001, � p<0.0001, § p<0.0001

TABLE 2: BONE DENSITY PERCENTAGES DESCRIBED AS MEAN ± SD
Buccal

Flapless

Flap

Lingual

BDA

BDD

BDA

BDD

Coronal

90.37 ± 6.12

91.95 ± 8.84

87.13 ± 7.99 ̈

86.80 ± 7.01 :

Apical

85.80 ± 13.87 * / ¤

95.52 ± 2.56 * / ×

59.88 ± 13.19 ¤ / ̈

56.82 ± 14.19 × / :

Coronal

93.42 ± 4.43 #

97.08 ± 2.19 ∞

84.55 ± 4.97 # / »

89.57 ± 5.83 ∞ / o

Apical

94.39 ± 5.29 &

95.91 ± 2.96 ¥

50.69 ± 9.90 & /»

46.70 ± 9.00 ¥ / o

Legend: * ̈p=0.0023, : p=0.0006, * p=0.0262, ¤ p=0.0070, × p=0.0006, # p=0.0070, ∞ p= 0.0041, » p=0.0006, o p=0.0006, & p=0.0006, ¥ p=0.0006

necrotic process that ﬁnishes with the
bone resorption, but a broad bone plate
containing marrow spaces could have a
reduced bone height loss at the end of
the healing period.
According to Nobuto et al.30 that
evaluated the microvascular responses
after mucoperiosteal ﬂap surgery in dogs,
the elevation of the periosteum may
cause circulatory insufﬁciency and then
bone resorption.
It was previously shown that the
main function of the periodontal ligament
(PDL) blood vessels is to supply nutrients
to the PDL as well as to the osteoblasts
in the alveolar bone.31 Thus, after tooth
extractions the alveolar bone blood supply coming from the periodontal ligament
is eliminated, and consequently, only the
vascularization provided by the perios-

teum remains. However, the elevation of
mucoperiosteal ﬂaps also compromises
the blood supply from the periosteum. The
hypothesis that tooth extraction
without the elevation of a mucoperiosteal ﬂap may decrease the post-surgery
resorption level was recently evaluated
by Fickl et al.32 The results demonstrated
that leaving the periosteum in place
decreased the resorption index of the
extraction socket. The authors also
highlighted a great impact of this ﬁnding
in thin periodontal biotypes, where the
osteoclastic activities of the internal and
external sides could merge together and
cause a more pronounced buccal bone
plate loss.The results of the current study
were consistent with these statements,
especially for the ﬂap approach group
in which the loss of the buccal bone

was more than 100% greater than the
lingual bone as shown by the absolute
measurements of bone loss around the
implants. The statistically signiﬁcant difference between ﬂapless and ﬂap groups,
when considering the buccal bone loss,
conﬁrmed the importance of periosteum preservation in this kind of implant
therapy. Besides, the non-signiﬁcant
differences between the ﬂap and ﬂapless lingual bone plate resorption could
indicate that the morphology of the
buccal and lingual plates might represent
another crucial factor in determining the
ﬁnal bone resorption.
Based on these facts, it could be
speculated that the immediate implant
therapy was not the only factor inﬂuencing the high level of buccal bone height
loss of 2.5 mm in relation to the lingual
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TABLE 3: BONE TO IMPLANT CONTACT
PERCENTAGES DESCRIBED AS MEAN ± SD
Buccal

Lingual

Flapless

77.39 ± 9.07

70.50 ± 12.17

Flap

77.75 ± 12.58 *

66.00 ± 7.69 *
Legend: p=0.0262 *

bone plate as described by Araujo et al.16
after ﬂap surgery.
In our histological specimens,
the buccal bone crest appeared
signiﬁcantly thinner when compared to
the lingual component. This pattern was
also observed in different studies.5,6,17,19,20
Furthermore, the bone densities of
buccal and lingual plates were vastly
different in both groups. In general, while
the buccal plates were constituted by
a cortical bone type with sparse and
decreased numbers of marrow areas,
the lingual bone plates exhibited
numerous and large marrow areas.
This difference between the buccal
and lingual bone densities was statistically signiﬁcant in the apical portion of
test and control groups, and was also
statistically signiﬁcant in the coronal
portion of the control group. This last
ﬁnding could mean that this portion
exhibited insufﬁcient bone marrow
spaces and source of blood vessels,
and
consequentially
compromised
angiogenesis that used to be related to
bone loss.30 There was no statistically
signiﬁcant difference between the bone
densities adjacent and distant to the
implants in both groups, with the exception of the buccal bone densities of the
apical portion of the ﬂapless group. The
signiﬁcantly lower density adjacent to
the implant of the buccal bone observed
in the intra-group evaluation (85.80%
adjacent and 95.52% distant), and also the
numerical difference between the groups
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considering this parameter (85.80%
for ﬂapless and 94.39% for ﬂap) could
be seen as another advantage of the
non-detachment of the periosteum, providing vessels and consequently nutrients
to the cortical bone plates.
All of the implants presented good
levels of bone-implant contact, and the
results were extremely similar between
ﬂapless and ﬂap groups. The buccal
bone-implant contact was numerically
higher in both groups when compared
to the lingual BIC which could be related
to the higher number of marrow areas
found in the lingual bone plate. In summary, the current study supports the
existence of a close relationship between
angiogenesis and bone resorption/formation,30 in which the remodeling process
is strongly dependent on the interaction
between new blood vessels and bone.
Qahash et al.33 demonstrated a
signiﬁcant association between the width
of the buccal alveolar ridge and extent
of bone resorption evaluated by incandescent and ﬂuorescent light microscopy.
They suggested that the width of the
buccal alveolar ridge should be at least
2 mm to maintain the alveolar bone level.
These observations have general implications for implant placement with most
surgical protocols, and more importantly,
for immediate implants. In fact, according
to Polimeni et al.34 and Wikesjö et al.,35
whom studied the alveolar bone healing
potential in peri implant critical-size
defects, the thicker lingual bone plate

provided a large wound space that was
correlated to enhanced bone regeneration, whereas implants placed closer to
the buccal plate were associated with
increased crestal bone loss.
Blanco et al.36 whom recently studied
the inﬂuence of ﬂapless and ﬂap surgeries in bone resorption of immediate
post-extraction implants, also found a
minor reduction of the buccal bone plate
with the ﬂapless approach, emphasizing
the importance of the allocation of the
implants in the conﬁnes of the alveolus,
discussing that one reason for the higher
buccal bone plate resorption of Araujo
et al.6 study could be due to the use of
a 4.1 mm diameter implant in alveoli of
3.5 mm diameter for premolar 3 and of
3.9 mm for premolar 4; which means that
the diameter of the implant was greater
than the alveoli themselves.
In the present study, the implants
were placed 1 mm away from the buccal
marginal bone wall without invading the
lingual bone plate with the drill or the
implant. No residual defect was observed
on the histological specimens after 12
weeks of healing and the formation of
new bone could be a possible explanation,
as well as the bone loss in some extent.
This jumping gap distance has already
been studied and it was shown that this
defect may heal with new bone and a
high degree of osseointegration without
the use of barrier membranes.18 It was
described that this kind of defect “allowed
the formation of a coagulum that, even in
the absence of a barrier membrane, was
properly protected by the periosteum of
the soft tissue ﬂap. In other words, during
the healing of a ‘self-contained’ bone defect
and in the presence of a proper periosteum, the use of a barrier membrane may
not be required,” but this is dependent on
the implant surface and time of healing
allowed after implant installation.
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CONCLUSION
Within the limitations of this pilot
study, it can be concluded that the
flapless approach for immediate postextraction implants reduces the buccal
bone plate resorption.
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Abstract: Oral anticoagulation therapy is one of the most prevalent forms of treatment used in
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BACKGROUND
Oral anticoagulation therapy is one
of the most prevalent forms of treatment used in contemporary medicine.
It is estimated that more than 50 million
Americans adhere to a low dose daily
aspirin protocol and other anticoagulants
such as warfarin sodium (Coumadin®,
Bristol-Myers Squibb, 345 Park Ave., New
York, NY 10154) and Clopidogrel bisulfate
(Plavix®, Bristol-Myers Squibb), which
routinely rank among the top 50 medications prescribed in the United States.1,2 As
the make up of the American population
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ages with the majority of “baby boomers” now reaching retirement age, trends
of increased oral anticoagulant use are
expected to continue. Perioperative
management of these patients for dental
procedures has been a controversial
issue for quite some time with debates
regarding the risk of uncontrolled bleeding, if medication is continued, versus the
possibility of thromboembolic complications if the medication is discontinued.
Since the late ‘50s, a menagerie of different recommendations has been issued
with protocols that often contradict one
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another. With implant surgery becoming
the standard of care to replace the missing
tooth, dental practices are increasing their
exposure to surgical ramiﬁcation. With
the increasing age of the population, it is
inevitable that the dentist will be faced
with treating the anticoagulated patient
within the implant setting. Dentists should
be well versed in the management of the
anticoagulated patient and the potential
complications. The purpose of this article
is to review contemporary oral anticoagulation therapy and offer literature-based
recommendations on the perioperative
management of these patients in the
practice of implant dentistry.
ANTICOAGULATION RATIONALE
Improved understanding of cardiovascular physiology and advances in the
management and treatment of cardiovascular disease have rendered oral anticoagulation therapy a mainstay of modern
medicine. Reduction in the occurrence of
thromboembolism is often the goal of oral
anticoagulation therapy for patients with
a history of various conditions including,
but not limited to; angina, atherosclerosis,
atrial ﬁbrillation, cerebrovascular occlusion,
coronary stents, deep vein thrombosis,
ischemic heart disease, myocardial infarction, prosthetic heart valves, and pulmonary embolism.3-6
In order to understand the manner
in which oral anticoagulants treat these
conditions, a basic understanding of
hemostasis is necessary (Fig. 1). Brieﬂy,
hemostasis is a three part mechanism
consisting of vascular spasm, platelet plug
formation, and coagulation.7 Traumatic
blood vessel injury induces protective
vasoconstriction via neural reﬂexes and
myogenic spasm.8 As the vessels contract,
resulting in a narrowed lumen diameter,
newly exposed collagen ﬁbers activate
nearby platelets causing them to morph

their shape, express multiple pseudopodia,
and release stored granules. Platelet
secretion of adenosine disphosphate and
prostaglandins leads to further platelet
recruitment and eventual formation of a
platelet plug that occludes the narrowed
vessel lumen. The ﬁnal coagulation cascade
is initiated by exposed subendothelial
collagen and extravasated thromboplastin
which respectively activate the intrinsic
and extrinsic coagulation pathways. The
ensuing interaction of multiple coagulation
factors ultimately triggers activation of the
common coagulation cascade. Subsequent
interactions of Factor X and Factor V
form a prothrombin activator complex
that promotes cleavage of prothrombin
to thrombin. Thrombin interacts with
ﬁbrinogen to form ﬁbrin monomers
that ultimately crosslink and occlude the
narrowed vessel lumen with entrapped
vascular components such as platelets,
blood cells, and plasma.
Lab Evaluation of the
Anticoagulated Patient
Bleeding problems can be screened
by various lab tests which include the
platelet count, bleeding time, prothrombin
time, partial thromboplastin time, and
International Normalized Ratio (INR).
The platelet count provides a quantitative evaluation of platelet function. A normal
platelet count should be 100,000-400,000
cells/mm3. A platelet count of less than
100,000 cells/mm3 is called thrombocytopenia and is often associated with major
postoperative bleeding.The average lifespan
of a platelet ranges from 7 to 12 days.
The bleeding time provides an
assessment of adequacy of platelet count
and function. The test measures how
long it takes a standardized skin incision
to stop bleeding by the formation of a
temporary hemostatic plug. The normal
range of bleeding time depends on the

way the test is performed, but is usually
between 1-6 minutes. The bleeding time
is prolonged in patients with platelet
abnormalities, or taking medications which
affect platelet function. This test assesses
platelet function.
The prothrombin time (PT) measures
the effectiveness of the extrinsic pathway
to mediate ﬁbrin clot formation. It is
performed by measuring the time it takes
to form a clot when calcium and tissue
factor are added to plasma. A normal
prothrombin time indicates normal levels
of Factor VII and those factors common to
both the intrinsic and extrinsic pathways
(V, X, prothrombin, and ﬁbrinogen). A normal prothrombin time is usually between
10-15 seconds. Prothrombin time is most
often used by physicians to monitor oral
anticoagulant therapy such as warfarin.
The partial thromboplastin time (PTT)
measures the effectiveness of the intrinsic
pathway to mediate ﬁbrin clot formation.
It tests for all factors with the exception of
Factor VII. The test is performed by measuring the time it takes to form a clot after
the addition of kaolin, a surface activating
factor, and cephalin, a substitute for platelet
factor, to the patient’s plasma. A normal
partial thromboplastin time is usually 2535 seconds. Partial thromboplastin time is
most often used by physicians to monitor
heparin therapy.
The INR was designed for patients
on chronic anticoagulant therapy. It allows comparisons from one hospital to
another. A patient with normal coagulation
parameters has an INR of 1.0. The therapeutic range for a patient on anticoagulant
therapy is between 2.0-3.5.
ANTICOAGULATION MEDICATIONS
In the United States, contemporary
anticoagulation therapy (Table 1) commonly utilizes one, or a combination of the
following medications:
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Coagulation Cascade
EXTRINSIC PATHWAY

INTRINSIC PATHWAY

Tissue Damage

Contact With Damaged Vessel
Factor XIIa

Tissue Factor
Ca++
Factor VII

Factor XII
Factor XIa

Factor XI

Factor VIIa

Ca++
Factor IXa

Ca++, Phospholoipid

Factor IX
Ca++, Factor VIII
Platelet Phospholipid

Factor X

Factor Xa

Factor X
Ca++, Factor V
Platelet Phospholipid
Fibrinogen (Factor I)
Factor Va
Factor VIIIa

Prothrombin (Factor II)

Thrombin
Ca++

Factor XII

Fibrin (loose)
Factor XIIIa
Fibrinclot (tight)

Figure 1: Intrinsic and extrinsic pathways of the coagulation cascade.

Acetylsalicylic Acid (Aspirin)
Aspirin is the most widely utilized
oral anticoagulant with use by more than
one third of the United States population.
Among patients with known cardiovascular disease, the prevalence of aspirin-based
oral anticoagulant therapy exceeds 80%.1
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When used as an oral anticoagulant,
aspirin is typically prescribed in an 81mg
or 325mg once-daily dosing. Aspirin affects
platelets through the inhibition of cyclooxygenase I (COX-1). With inhibition of
COX-1, platelet production of thromboxane A2 (TXA2), a potent vasoconstrictor,

platelet activator and platelet aggregator,
is impaired. Aspirin’s effects on platelet
function are irreversible and span the 8-10
day lifecycle of the platelet. Due to platelet
turnover, approximately 10% of platelets
with normal COX-1 activity are recovered
daily following cessation of low dose aspirin
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therapy.9 As such, it may take up to 10 days
to fully recover COX-1 activity, although
full COX-1 activity may not be required
for adequate hemostasis.
Clopidogrel Sulfate
Clopidogrel sulfate (Plavix®, Bristol-Myers
Squibb/Sanofi Aventis, 345 Park Ave.,
New York, NY 10154) is an oral
anticoagulant used in the prevention
of atherosclerotic events for patients
with medical histories similar to those
treated with low dose daily aspirin
therapy. 10 In fact, clopidogrel sulfate
is often prescribed as a dual therapy
with aspirin as the combination has
proven more effective than aspirin
alone in the treatment of cer tain cardiovascular conditions. 11 Clopidogrel
sulfate prevents platelet aggregation
by selectively inhibiting the binding
of adenosine diphosphate to platelet
receptors. 12 Like aspirin, the effects of
clopidogrel sulfate on platelet function
are irreversible and last for the life
span of the platelet. Platelet aggregation and bleeding time typically return
to baseline levels five days after the
clopidogrel sulfate cessation.

Warfarin Sodium (Coumadin®,
Bristol-Myers Squibb, 345 Park Ave.,
New York, NY 10154)
Warfarin sodium acts by inhibiting
vitamin-K dependent clotting factors II,
VII, IX, X and the anticoagulant proteins
C and S.8 warfarin sodium half-life is approximately 36 hours and the duration of
action for a single dose may last anywhere
from 2 to 5 days.13 As such, this medication
is often utilized for long term anticoagulation therapy on patients with a history of
the following: atrial ﬁbrillation, cardiac valve
replacement, cerebrovascular accident,
coronary stent, deep venous thrombosis,
myocardial infarction, and pulmonary
embolism.14 Patients treated with warfarin
sodium are generally considered higher
risk, both in terms of overall health and
risk for bleeding, than patients taking oral
antiplatelet therapy.15
Heparin
Heparin is a short acting, highly
sulfated glycosaminoglycan that is naturally
produced by basophils and mast cells.16
Heparin complexes with antithrombin
III to facilitate the removal of circulating
thrombin and ultimately leads to reduced

ﬁbrin formation. Unlike other anticoagulants, heparin is traditionally administered
by continuous intravenous infusion for
short-term inpatient use due to a narrow
therapeutic window.7 Newly developed
low molecular weight heparin, however,
is reported to have improved pharmacokinetics that may allow the drug to be
utilized on an outpatient basis.17
PERIOPERATIVE MANAGEMENT
The decision to interrupt oral anticoagulation therapy prior to implant procedures is multifactorial. In the perioperative
management of these patients, factors
to consider include the overall health of
the patient, the type of oral anticoagulant
therapy utilized, anticipated blood loss
associated with the planned procedure,
and a contingency plan for excessive or
uncontrolled bleeding.
Patients receiving oral anticoagulation
therapy can have widely disparate medical histories. Consider the following pair
of patients: a 40-year-old male with mild
hypertension and early atherosclerosis
versus a 60-year-old male with a history of
myocardial infarction and coronary stent
placement. Certainly, the ASA classiﬁcations

TABLE 1: COMMON ANTICOAGULATION MEDICATIONS
Medication

Type

Action

Comment

Acetylsalicylic Acid
(Aspirin)

Oral antiplatelet
anticoagulant

Inhibition of
cyclooxygenase-1 (COX-1)

Irreversibly affects platelets

Clopidogrel sulfate
(Plavix®)

Oral antiplatelet
anticoagulant

Inhibits binding of adenosine
diphosphate to platelet receptors

Irreversibly affects platelets

Warfarin sodium
(Coumadin®)

Oral coagulation cascade
anticoagulant

Inhibition of vitamin-K
dependent clotting factors II,
VII, IX, X and anticoagulant
proteins C and S

Half-life ~36 hours. Single dose
duration of action may last 2-5
days depending on the patient

Heparin

Intravenous coagulation
cascade anticoagulant

Complexes with antithrombin III
to reduce circulating thrombin
and reduce fibrin formation

Half-life ~1 hour. Typically
given intravenously in an
inpatient treatment setting
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of these patients differ markedly as should
the decisions on how to treat and manage them. When treating these patients, it
is important to keep an eye on the “big
picture” by considering the patient’s overall health, and not solely focusing on their
dental needs.18 As such, it is important to
consult with the patient’s medical treatment provider regarding any questions
about his or her medical status.
While the underlying goal of oral
anticoagulation therapy is universal, the
mechanisms of action by which medications achieve this goal vary. As such, it is
important for practitioners to distinguish
between antiplatelet anticoagulants and
anticoagulants that interfere with the
coagulation cascade.12 Studies examining
the hemorrhagic effects of antiplatelet
anticoagulants on dental procedures have

found negligible increases in intraoperative
and postoperative bleeding.19-21 Likewise,
similar studies evaluating coagulation
cascade anticoagulants have generally
found no increased risk of intraoperative
or postoperative bleeding that could not
be controlled with local measures when
International Normal Ratio (INR) values
were within therapeutic levels.22-25
INR measures the extrinsic pathway of coagulation and commonly
ranges between 0.8–1.2 in healthy adults.
Therapeutic INR values differ for various
cardiovascular conditions, but typically
range between 2.0-3.0.26 For mechanical
cardiac valves, higher INR values up to 4.0
are recommended.27 INR values are not
typically veriﬁed preoperatively for patients
treated with antiplatelet anticoagulants.
For patients treated with coagulation cas-

cade anticoagulants, however, numerous
authors obtain preoperative INR values
on the day of surgery.28-30 Depending
on the extent and complexity of the
planned dental procedure, INR values of
3.0 or less are typically recommended for
patients treated with coagulation cascade
anticoagulants.31 If a tranexamic acid rinse
protocol is utilized, patients with INR
values up to 4.5 have been safely treated
without complication.31-34
When making decisions on the
management of anticoagulated patients,
anticipated blood loss from the planned
procedure must be considered. Expectant
blood loss from a restorative procedure such as a dental amalgam will be
considerably different from that of a surgical procedure such as a connective tissue
graft or impacted third molar extraction.

TABLE 2: LOCAL HEMOSTATIC AIDS
Product or Action

Composition

Action

Positive Pressure

N/A

Manual occlusive aid to clot formation

Vasoconstrictor

1:100,000 Epinephrine

Activation of adrenergic receptors

Gelfoam®

Porcine derived gelatin sponge

Occlusive matrix; activation
of intrinsic pathway

Surgicel®

Plant derived -cellulose

Occlusive matrix; activation of intrinsic
pathway; antibacterial properties

CollaCote®, CollaPlug®
CollaTape®, UltraFoamTM
UltraWrapTM

Bovine derived collagen

Occlusive matrix; activation
of intrinsic pathway

HemCon®

Crustacean derived chitosan

Positively charged chitosan attracts negatively charged red blood
cells; antibacterial properties

4.8% Tranexamic Acid Mouth Rinse

Tranexamic acid

Binds to lysine receptor sites on
plasmin and plasminogen inhibiting
fibrin binding and fibrinolysis

Topical Thrombin

Bovine derived thrombin

Enhances conversion of fibrinogen to fibrin

Electrocautery

N/A

High frequency electric current cauterizes
tissue and induces blood coagulation
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Studies evaluating blood loss from restorative procedures have reported minimal
hemorrhagic complications, while those
evaluating surgical operations such as
ﬂap-osseous procedures have found up to
592 ml of blood loss from a single surgical
site.35,36 Blood loss from surgical procedures is also inﬂuenced by the experience
level of the provider. Surgeries performed
by less experienced providers have been
shown to take up to three times longer and
may result in nearly twice as much blood
loss as those performed by more experienced practitioners.36 In general, however,
most studies have found that blood loss
from dental procedures is under 200 ml
and even less when the duration of the
procedure does not exceed two hours.3639
When you consider that a pint of blood,
the amount generally taken during blood
donation, is 473 ml, the amount of blood
lost during dental procedures is well within
the limits of safety.
HEMORRHAGE MANAGEMENT
This risk of moderate to severe bleeding induced by dental procedures is less
than 1% for the average patient.40 While
this risk increases with the anticoagulated
patient, nearly all scenarios of excessive
bleeding can be adequately managed with
relatively simple local measures (Table 2)
such as:
Positive Pressure
Positive pressure to intraoral wounds
is typically accomplished by compressing
moistened gauze on the site of hemorrhaging (i.e. bone or socket) or compression
of the ﬂap itself. Suturing wound margins
is another method in which compressive force may be applied to bleeding
areas.7 Positive pressure aids hemostasis
by promoting occlusion of the site of
injury and providing mechanical aid to clot
formation.41 Minor hemorrhaging is often

controlled with positive pressure alone
and may not require further intervention.
Oxidized Regenerated Cellulose
Oxidized
regenerated
cellulose
®
based products such as Surgicel (Ethicon,
Johnson & Johnson, One Johnson & Johnson
Plaza, New Brunswick, NJ 08933) are
derived from plant based alpha-cellulose and
function hemostatically in a manner similar
to absorbable gelatin sponges.44 A unique
property this product has is relatively low
pH. The low pH has an antibacterial effect.
A broad range of gram negative, gram positive, and antibiotic-resistant bacteria have
proven to be locally susceptible to oxidized
regenerated cellulose.45 When used for oral
applications, this product typically resorbs
within 7-14 days.
Vasoconstrictor
Dental anesthetics contain vasoconstrictor primarily to increase their duration
of action and minimize the risk of local
anesthetic toxicity.42 Epinephrine, the most
commonly utilized vasoconstrictor in dental local anesthetics, is a catecholamine that
facilitates vasoconstriction, which when
injected into the site in question will help
slow the bleeding and aid in coagulation.
Absorbable Collagen Products
Absorbable collagen products such
as CollaPlug®, CollaTape®, and CollaCote®
(Integra Life Sciences Corp, 311 Enterprise
Dr., Plainsboro, NJ 08536) are derived
from bovine deep ﬂexor tendons and
typically resorb completely within 14 days.
Additional bovine-derived products such
as Avitene® (Traatek, Inc., 3848 SW 30th
Ave., Fort Lauderdale, FL 33312) have
similar properties. These products aid in
coagulation by either acting as a simple
occlusive matrix, or promote hemostasis
by their collagen content which activates
the intrinsic coagulation cascade.

Absorbable Gelatin Sponge
Gelfoam® (Pﬁzer Inc., 235 E. 42nd
St., New York, NY 10017) is a resorbable
gelatin sponge of porcine origin that is
capable of absorbing up to 45 times its
weight in whole blood.43 Absorbable collagen sponges aid in hemostasis by providing
a simple occlusive matrix and additionally
through contact activation of the intrinsic
pathway.44 The gelatin sponge is usually
resorbed within 2-5 days.
Chitosan Derived Products
Chitosan-derived products such as
HemCon® (HemCon MedicalTechnologies,
Inc., 10575 SW Cascade Ave., Ste. 130,
Portland, OR 97223) are extremely
effective at promoting hemostasis and
have recently been used by United States
military medical personnel for treatment
of battleﬁeld injuries. Chitosan is a naturally occurring polysaccharide that is commercially produced via the deacetylation
of crustacean chitin. Positively charged
chitosan molecules readily attract negatively charged red blood cells and the two
form an extremely strong seal that acts as a
primary occlusive barrier for hemorrhagic
sites. With hemorrhaging limited and/or
stopped by this initial seal, the natural
coagulation cascade ensues. Like oxidized
regenerated cellulose, chitosan-derived
products have locally active antibacterial
properties.46 Chitosan-derived products
also have antibacterial properties which it
achieves via active cell wall disruption.47
Tranexamic Acid
Tranexamic acid is an anticoagulant
oral rinse that binds to lysine receptor
sites on plasmin and plasminogen, and
which results in inhibiting ﬁbrin binding
and ﬁbrinolysis.48 Rinsing with tranexamic
acid solution results in therapeutic levels
(>100mg/ml) within the saliva for 2-3
hours. Wounds healing in the presence
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of tranexamic acid have demonstrated
increased tensile strength, thus making the
clot more resistant to mechanical disruption.50 Tranexamic acid is supplied as a 4.8%
solution and patients may be instructed to
rinse with 10 ml, four times daily for seven
days following surgery.49
Topical Thrombin
Topical thrombin facilitates clot
stabilization by enhancing the conversion
of ﬁbrinogen to ﬁbrin for the initial platelet
plug. Medical grade topical thrombin is
often bovine derived and is typically supplied as a freeze dried sterile powder that
must be reconstituted with sterile saline.
For general use in dental applications, a
topical thrombin solution of 100 IU/ml is
delivered via pump/syringe spray or combined with a carrier such as a hemostatic
gelatin sponge.
Electrocautery
Electrocautery involves the application of a high-frequency electric current to
cauterize tissue and induce blood coagulation, and is useful in severe hemorrhaging
scenarios.
CONCLUSION
Although most patients experience
no problems when their oral anticoagulation therapy is interrupted for dental
procedures, complications ranging from
nonfatal cerebral emboli to death can
occur. Typically, these complications are
associated with prolonged discontinuation of anticoagulants that interfere with
the coagulation cascade such as warfarin
sodium. While there are currently no
reports of fatal complications associated with the discontinuation of oral
antiplatelet medications prior to dental
treatment, such action places these
patients at risk of developing thromboembolic complications.12,15
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If patients are instructed to continue
their oral anticoagulation therapy prior
to dental treatment in an effort to avoid
thromboembolic complications, do they
pose a risk for unmanageable hemorrhaging? According to dental literature,
the answer is a resounding “no.” Multiple
studies have demonstrated that most
dental procedures can be safely performed
without interrupting oral antiplatelet
therapy.12,19-21 Likewise, a number of studies have demonstrated that patients taking
coagulation cascade anticoagulants can be
safely treated as long as INR values are
within therapeutic ranges.29-34 In nearly
all patients involved with these studies,
hemorrhaging was easily controlled with
local measures.
DISCLAIMER
Although speciﬁc, commercially-available
products are mentioned in this article, this
does not constitute an endorsement of the
United States Government, Department of
Defense, or Navy Medicine. The opinions
and assertions contained in this article are
the private ones of the authors and are
not to be construed as ofﬁcial or reﬂecting
the views of the Department of the Navy,
Department of Defense, or the United
States Government.
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Background: Implant integration in pre-clinical experimental studies often involves 3D in vivo
biomechanical techniques. The advantage with such tests is that the results are obtained quickly. However,
the interface is ruptured due to implant loosening, and bone-to-implant integration cannot be quantiﬁed.
Histomorphometrical 2D techniques are time consuming but necessary. In order to gain more insight into
tissue reactions to implants, a combination of various techniques is warranted.
The aim of this study was to quantify bone tissue on nondecalciﬁed (i) routinely stained and (ii)
ﬂuorochrome labelled sections to determine if there is a resemblance between various methods. The aim
was also (iii) to compare the bone integration to titanium implants with control native and test magnesium
oxidized surfaces, and whether or not our 2D histomorphometrical data would support our earlier 3D
biomechanical data.
Materials and Methods: Ten implants each were inserted in rabbit tibiae. Oxytetracycline, alizarin complexone and calcein green, respectively, were administered. The follow-up was six weeks. Quantiﬁcations were
performed semi-computerized in the light microscope, and manually on images of the ﬂuorescent sections.
Results: The Mg implants revealed a signiﬁcantly greater bony contact percentage compared to the
controls. No signiﬁcant differences in bone area or newly formed bone were obtained between the implants.
Tetracycline could not be observed on any sections, but alizarin and calcein were visualized. The bone activity
was greater around the Mg implants compared to controls, as deduced from quantiﬁcations of ﬂuorescence
occurrence. Combining and comparing the amount of ﬂuorochrome occurrence to the amount of newly
formed bone in the threads demonstrated a subjective correlation between the methods.
Conclusion: The present pilot study demonstrated better bone integration of implants with Mg incorporation in the oxide compared to native titanium oxides. These results support our earlier biomechanical data
with greater integration of similar Mg implants. Moreover, by adding in vivo ﬂorescence labelling, the amount
of newly formed bone can be quantiﬁed and this provides additional information when compared to newly
formed bone measured on histologically stained sections.
Key words: commercially pure titanium implants, bone, ﬂuorescent labelling,
nondecalciﬁed, histomorphometry
TITANIUM 2009 1(1): 61-70
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INTRODUCTION
Pre-clinical in vivo animal tests of
tissue formation around biomaterials
intended for medical devices in bone
tissue often involve quantitative data
concerning, for example, the amount
of bone in close vicinity to the implant
surface. This is considered a measure of
the tissue acceptance of the implant.
A large number of such studies
have been carried out at our laboratories over the years, resulting in 15 PhD
theses between 1991-2007.1-6
The techniques for quantifying bone
tissue reactions to biomaterials vary
among different laboratories, and there

Figure 1: Toluidine blue stained cut and
ground control implant section. The distance
between the thread peaks is 600 um.
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is no consensus concerning how and
what to quantify. Each laboratory seems
to have its own set of standard methods
which, naturally, may be relevant for the
purpose of the study. However, since

several of the methods that are used
are both time consuming and expensive, it would be of interest to apply
and perform additional/complementary analysis on the very same samples.
Fluorochromes are intra-vital dye bone
markers, i.e. they contain calcium-seeking
molecules that bind to the mineralization front in bone tissue formation
sites and show specific fluorescence
when illuminated. Such substances have
been available for a long time and have
recently attained new popularity, possibly in conjunction with new technologies such as laser scanners.7, 8, 9 One of
the most common fluorochromes is
Tetracycline, which is used clinically as
an antibioticum. Fluorochromes present specific fluorescence colours, and
by using various sequential markers,
visualization of different colours in the
bone tissue is possible using appropriate excitation and emission filters in the
microscope. Several published studies
involving fluorescence markers are
qualitative and demonstrate colourful
images revealing “newly formed bone”.10
In a quantitative confocal laser scanning study, distances between the dyes
were repor ted to reflect the formation
and remodelling rate of bone.11 In the
present study, we have analyzed in vivo
fluorescent labelling with oxytetracycline, alizarin complexone, and calcein
green12 for bone tissue quantification
around turned (control) and oxidized
(test) commercially pure titanium
implants, the former with a native oxide
film and the latter with magnesium ions
incorporated in the oxide.
The aim of this study was to quantify bone tissue on nondecalcified (i)
routinely stained and (ii) fluorochrome
labelled sections in an effor t to discover a
resemblance between various methods.
The aim was also to (iii) compare the
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bone integration to titanium implants
with control native and test magnesium
oxidized surfaces. It was considered of
interest to find out if the 2D histomorphometrical data would suppor t our
earlier 3D biomechanical data.13
MATERIALS AND METHODS
Animals and surgical technique
Ten adult male New Zealand white
rabbits were used in this study, which
was approved by the National Ethics
Committee for Animal Experimentation,
Stockholm, Sweden. The rabbits were
kept in separate cages and fed ad libitum
with standard laboratory diet.
Anaesthetics included intramuscular injections of fentanyl and fluanizone
(Hypnorm Vet, Janssen, Saunder ton,
England) at a dose of 0.5 ml per kg body
weight and intraperitoneal injections
of diazepam (Stesolid, Kabi Pharmacia,
Helsingborg, Sweden) at a dose of
2.5 mg per animal. Local anaesthesia
comprised of 1.0 ml 5% Xylocaine
(AstraZeneca, Södertälje, Sweden) was
injected into the surgical area. The skin
was shaved and washed with a mixture
of 70% ethanol and 2% iodine solution
prior to surgery. Analgesia was given post
surgically at a dose of 0.5 ml Temgesic
(0.3 mg/ml, Reckitt and Colemann, Hull,
England) subcutaneously.
The skin and the fascia layers were
opened and closed in separate layers.
The periosteum was gently pulled away
and not resutured. Each animal had a
total of six different types of implants
randomly inserted, with three in each
tuburositas tibia region, resulting in
one proximal, one mid, and one distal
insertion site. Of these six various
implants, two types, i.e. 10 control and
10 test implants, were selected for this
study, while the remaining four implant
types will be reported elsewhere. Both
groups included n=3 proximal-, n=4

mid- and n=3 distal samples. However,
in this study we will not divide the various inser tion sites but rather treat them
as 10 versus 10 observations.
The animals were sacriﬁced with an
intravenous overdose of Pentobarbital 100
mg/ml (Apoteksbolaget, Malmö, Sweden).
Implants
Both the control and the test
implants were made of commercially

pure titanium (c.p. Ti). The macro-design
of the implants was thread-shaped (0.6
mm between the thread peaks) with
an outer diameter of 3.75 mm and a
total length of 7 mm. The test implants
were further anodized, resulting in a
magnesium-incorporated titanium oxide
thickness of 3.40 µm. The control turned
implants had an oxide thickness of 0.02
µm. For further information regarding
the surface properties of the test and
control implants see Sul et al. 2005.13

Figure 2: The corresponding fluorochrome
labelled bone surrounding a control implant
(red = alizarin and green = calcein). The distance between the thread peaks is 600 um.

Fluorochrome Labelling
During the follow-up time, three
different fluorochromes were injected

THE INTERNATIONAL JOURNAL OF DENTAL IMPLANTS & BIOMATERIALS | 63

S C I E N T I F I C F E ATURE
subcutaneously. The labelling regime
was according to the recommendations
of Rahn14 and was as follows: (i) the
first label of 25 mg oxytetracycline/kg
body weight (Sigma-Aldrich, St. Louis,
Missouri, USA) was administered on

Figure 3: A Toluidine blue stained cut and
ground test control section. The distance
between the thread peaks is 600 um.
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day 14 after implant inser tion, (ii)
the second label of 30 mg alizarin
complexone/kg body weight (SigmaAldrich, St. Louis, Missouri, USA) was
administered on day 24, and (iii) the
third label of 15 mg calcein green/kg
body weight (Sigma-Aldrich, St. Louis,
Missouri, USA) was administered on day
38, i.e. four days prior to termination of
the study. The animals were sacrificed
six weeks after inser tion. Remnants of
these solutions were kept in a freezer
for about six months for later analysis of
the fluorescent colour appearance using
various filters. After thawing, each solution was diluted 10, 100 and 1,000 times
with PBS (phosphate buffered saline, pH
7.3) and administered separately on
lens-cleaning tissue followed by observations in the fluorescence microscope
(below) with an objective of x40.

Sample Preparation
Each implant with surrounding tissue
was retrieved en bloc and immediately
immersed in 4 % neutral buffered formaldehyde (pH 7.1) fixative. Nondecalcified
cut and ground sections were prepared
using the so-called Exakt technique
(Exakt Apparatebau, Norderstedt,
Germany) initially described by Donath
and Breuner in 1982, and Donath
in 1988.15,16 In brief, this technique
involves one week of fixation, dehydration in ethanol (from 70% to 100%),
pre-infiltration in diluted resins, infiltration in pure resin and finally embedding
in light-curing resin (Technovit 7200
VLC, Kulzer & Co., Germany). After polymerisation, the samples were divided in
the long axis of the implant. The surface
was ground parallel and plexi glass was
glued onto the sample surface, followed
by sectioning and grinding using the
Exakt cutting and grinding equipment.
The initial sections of 200 µm were
ground to about 25 µm. 17 Two ground
sections were prepared from each
sample. One section was stained with
toluidine blue mixed with pyronin G and
the other section remained unstained.
In this study, the stained sections were
used for both fluorescence and routine
histomorphometry. Toluidine blue staining differentiates between young and old
bone; the former is stained dark purple
and the latter is stained pale purple. The
soft tissue including the cell nucleus is
stained blue.
Analysis
Histomorphometrical analyses were
performed in all threads on both sides of
the implant and involved measurements of
bone-to-implant contact, total bone area,
new bone area, and ﬂuorochrome occurrence. The histologically stained sections
were investigated both qualitatively and
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quantitatively in a Metallux 3 light microscope coupled to a Leitz Microvid computer based unit (Leitz, Wetzlar, Germany)
with x10 (NA 0.30), x16 (NA 0.45), and
x40 (NA 0.70) objectives and a x10
eyepiece. Quantiﬁcations were performed
by the same person using a x10 objective
and a zoom, enabling the entire area of
interest to be visualized in the eyepiece of
the microscope.1
For detection of fluorescent dyes,
the same sections were observed in
a fluorescence microscope, Axioskop
(Zeiss, Oberkochen, Germany), with x16
(NA 0.35) and x40 (NA 0.75) objectives and a x10 eyepiece. Fluorescence
microscopy images were captured with
a digital camera (Canon Powershot
G3, Canon Inc., Tokyo, Japan) coupled
to the microscope and visualized with
the software program ZoomBrowser
EX (ver. 4.0.2.120). A grid, composed
of 18x18 squares, was superimposed
on the images. In every square, the
presence of the different fluorochromes
was counted manually. The results were
presented in percentages.
The percentages of new bone
obtained by measurement on routinely
stained sections were compared to the
percentages of fluorochrome occurrence, which are related to newly formed
bone on the very same sections.
Statistical analysis
The SPSS (11.5, SPSS Inc., Chicago,
Illinois, USA) statistical package was
used for the statistical analysis. The
Mann-Whitney U-test was used for
statistical comparisons of the 10 versus
10 implants. Differences were considered statistically significant at p < 0.05.
The quantitative results in the various
figures and graphs are given as mean
values with the standard error of the
mean (SEM). No statistical comparisons

were conducted between the implants
located in the three various regions due
to the small number of samples.
RESULTS
Qualitative light microscopy analysis
Irrespective of test or control
implant, the survey inspections of the
histologically-stained nondecalcified cut
and ground sections revealed variations
in the bone tissue structures around
the implants, depending on the insertion sites, i.e. proximal, mid, or distal
regions of the tuburositas tibia. The

proximal samples, inser ted closest to
the knee joint, demonstrated a more
spongeous type of bone. This was
especially noted on the anterior side of
the implants. Moreover, it appeared that
the proximal samples were surrounded
by bone tissue around almost the entire
implant. Fur ther down in the tuburositas
tibia region, i.e. around the mid- and
distally-located implants, less spongeous
bone tissue could be observed. The

Figure 4: The corresponding ﬂuorochrome
labelled bone surrounding a test implant (red =
alizarin and green = calcein). The distance
between the thread peaks is 600 um.
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Figure 5: Bone-to-implant contact: Mean
percentage of the bone-to-implant contact
(BIC), within all threads, the three best
consecutive threads in the cortical region
and the threads in the marrow cavity. Error
bars represent Standard Error of the Mean
(SEM). Control = c.p. Ti (n=10). Test = Mg
implants (n=10).
A p-value of p < 0.001 could be revealed
for each comparison.

Figure 6: Bone Area: Mean percentage of
total bone area, within all threads, the three
best consecutive threads in the cortical region and the threads in the marrow cavity
in the control c.p. Ti group and in the test
Mg group.
Error bars represent Standard Error of the
Mean (SEM). There was no statistically signiﬁcant difference between the two groups.
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sections from the most distally-inser ted
screws revealed the thickest cor tical
bone and, in general, the cor ticalization
was greater on the posterior side of the
mid- and distally-located implants.
The light-microscopic investigations demonstrated new bone tissue
formation above and below the cor tical
region, i.e. in the periosteal and endosteal regions. The periosteal up-growth
appeared as a spongeous type of bone
tissue with the presence of an immature
woven bone quality, easily recognized
in higher magnification with the aid of
polarising filters. The trabeculaes were
often darker stained than the old cor tical bone and contained large vacuoles.
The endosteal bone tissue appeared
more mature than that observed in the
periosteal region. Higher magnification
also revealed new bone tissue formation in close vicinity to the implants,
i.e. in the interface region, as well as at
some distance away from the implant
surface. The histological staining used in
this study results in bone tissue stained
in various shades of purple, and soft
tissue stained blue. Moreover, a clear
differentiation between dark stained
younger bone tissue compared to
pale stained elderly bone tissue could
be noted. This was clearly observed in
the thread area. Cement lines could
be revealed separating newly formed
bone tissue from old cor tical bone.
Osteons were observed both close to
the implants and at some distance away
from the implants. Ongoing bone tissue
remodelling was also noted, with cavities
containing bone formation and bone
resorption sites in the same regions. The
bone formation cavities revealed the
presence of osteoid seams covered with
ostoblasts. The resorption cavities often
showed osteoclasts, both darker and
lighter stained. Irrespective of sample

surface, both macrophages and some
multinucleated giant cells could be seen.
The latter were both light stained and
elongated, as well as dark stained and
less elongated (figure not shown).
Some regions around both implant
types demonstrated an intimate bone
contact, i.e. osseointegration could be
seen, and as judged by the naked eye,
there seemed to be more bone tissue in
“direct” contact with the test Mg-treated
implants compared to the untreated
control screws. In the test Mg group the
intimate bone contact was particularly
observed in the marrow cavity region,
with a very thin rim of bone tissue in close
proximity to the test implant surfaces.
Qualitative Fluorescence
Microscopy Analysis
Lens Cleaning Tissue
Analysis of the fluorochromes on
lens cleaning tissue with fluorescence
microscopy
demonstrated
calcein
green in extremely low concentrations
as bright green when exposed to blue
light. Oxytetracycline and alizarin complexone required higher concentrations
than calcein green to be detected.
Oxytetracycline fluoresced yellow light
when it was illuminated with blue light,
and alizarin complexone fluoresced red
light when it was illuminated with green
light. The alizarin complexone sample
demonstrated very weak yellow fluorescence when exposed to blue light.
Cut and Ground Sections
Irrespective of whether or not the
sections were stained, oxytetracycline
could not be detected in any sections.
Both alizarin and calcein could be clearly
observed. Figures 1–4 illustrate toluidine
blue stained and fluorochrome labelled
control and test samples.
The qualitative investigations of
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the sections in the fluorescence microscope revealed that there was continuous bone activity in the vicinity of the
implants during the healing period,
since large amounts of alizarin and calcein were detected in this region. An
intense labelling of the fluorochromes
revealed irregular patterns in the
proximity of the implants and in the
periosteal and endosteal regions. Bone
formation, bone resorption, and bone
remodelling cavities were obser ved
around both the control and the test
implants. In the control group, the
alizarin staining (2nd label) was seen
most extensively, while the opposite,
i.e. more calcein (3rd label) than
alizarin, could be obser ved around
the test Mg-implants. The occurrence
of fluorochromes could be obser ved
close to both implants, although this
phenomenon seemed to be more
commonly noted in close vicinity to the
test implants. The latter obser vation
revealed intensely-stained calcein rims
in the test implant interfaces, especially
in the threads located in the marrow
cavity region.
Quantitative Analysis
Bone-to-Implant Contact
The bone-to-implant contact (BIC)
measurements revealed a significant
difference between the control implants
with a native oxide film compared to
the test Mg-implants (Fig. 5). The mean
value of BIC in all threads was 24% ±
6 (19-39) for the control implants and
47% ±9 (36-67) for the test implants
(p < 0.001). In the three best consecutive threads in the cor tical region the
mean value of BIC was 39% ±8 (24-52)
for the control implants and 62% ±10
(40-75) for the test implants (p < 0.001).
Corresponding measurements from
the threads in the marrow cavity were

17% ± 9 (5-37) and 44% ±13 (20-62)
for the control and the test implants,
respectively (p < 0.001).
Bone Area
There were no significant differences
between the two groups with respect
to the bone area, although the numbers
were a bit higher for the control group
(Fig. 6). The mean values for the total
bone area in the control group and the
test group were 49% ± 6 (38-56) and
45% ±10 (31-68) in all threads, 73% ±
6 (61-80) and 70% ±10 (53-81) in the
three best consecutive inner threads in
the cor tical region, 71% ±8 (55-83) and
73% ±13 (50-88) in their corresponding
mirror images (not shown in Fig. 6), and
26% ±17 (9-51) and 21% ±20 (4-68)
in the threads in the marrow cavity,
respectively.
New Bone Area
The comparisons of newly formed
bone area measurements performed
on toluidine blue sections revealed no
significant differences between the two
groups. The respective mean values for
the newly formed bone area in the
control group and the test group were
40% ±7 (25-47) and 36% ± 9 (28-57) in
all threads, 58% ±8 (40-68) and 53% ±
6 (45-64) in the three best consecutive
inner threads in the cor tical region and
44% ±9 (32-56) and 41% ±8 (26-55)
in their outfolded mirror images (not
shown in Fig. 7). The mean values for the
newly formed bone area in the threads in
the marrow cavity were 24% ±14 (9-42)
and 20% ±18 (4-59) for the control and
test implants, respectively (Fig. 7).
Fluorochrome Occurrence
The fluorescent labelled bone
sites surrounding the control implants
revealed a tendency toward more alizarin

Figure 7: Newly formed bone area (toluidine blue staining). Mean percentage of
newly formed bone area within all threads,
the three best consecutive threads in the
cortical region and the threads in the
marrow cavity in the control c.p. Ti group
and in test Mg group. Error bars represent
Standard Error of the Mean (SEM).
8

9

Figures 8 and 9: Fluorochrome occurrence (Flc
oc). Alizarin (Fig. 8) and Calcein (Fig 9.) within
all threads, the three best consecutive threads
in the cortical region and the threads in the
marrow cavity in the control c.p. Ti group
and in test Mg group. Error bars represent
Standard Error of the Mean (SEM).
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Figures 10, 11, 12 and 13: Area and Flc oc:
Comparison of the two methods, i.e. newly
formed bone area (triangle) measured on
toluidine blue stained section and ﬂuorochrome occurrences (square) (Area and Flc
oc). Control (Fig. 10) and Test (Fig. 11): mean
values of measurements performed within
each thread (T1- T6), all threads, three best
consecutive threads in the cortical region and
the threads in the marrow cavity (M.c.). T1 is
the most upper thread and T6 the most apical
thread located in the marrow cavity. Control
(Fig. 12) and Test (Fig. 13): mean values of measurements performed in the mirror images.
Note the different scales on the axis.
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compared to the tissue surrounding the
test implants. However, the bone labelling around test Mg-implants showed
significantly more calcein compared
to the control implant sites when all
threads and the three best consecutive
threads in the cor tical region were
measured (p < 0.05). The mean values
for the occurrence of alizarin in the
control group and the test group were
20% ±7 (8-31) and 18% ±6 (12-33) in
all threads, 30% ±9 (15-45) and 26% ±6
(19-37) in the three best consecutive
threads, and 11% ±9 (1-25) and 10%
±10 (1-33) in the threads in the marrow
cavity, respectively (Fig. 8). The mean values for the occurrence of calcein in the
control group and the test group were
17% ±6 (10-25) and 26% ±8 (10-37) in
all threads, 23% ±7 (16-38) and 34% ±8
(19-44) in the three best consecutive
threads, and 12% ±8 (2-25) and 19%
±12 (1-38) in the threads in the marrow
cavity, respectively (Fig. 9). All implants
revealed a similar trend, i.e. the occurrence of ﬂuorochrome was greater
within the threads than in the mirror
images. In the non-threaded upper
regions of the implants there was greater
calcein activity than alizarin activity in
both groups (data not shown), and most
often there were more ﬂuorochromes
on the posterior side of the implants.
Comparison Between New Bone
Area (Toluidine Blue Staining) and
Fluorochrome Occurrence
A “subjective correlation”, i.e. a
relation, could be obser ved between
the new bone area measurements
and the fluorochrome occurrence
measurements (Figs. 10-13). The
distribution of new bone area and of
fluorochrome occurrence followed
the same trend within the threads and
in the mirror images.

DISCUSSION
The present study demonstrated
differences in bone-to-implant contact
between a native titanium oxide implant
surface and magnesium incorporated
oxide surfaces where the latter were
significantly better integrated. These 2D
histomorphometrical data are in agreement with earlier 3D biomechanical tests
performed with similar types of implants
as in the present study.13 There may be
several reasons for the obtained results,
and differences in surface morphology
are of great impor tance.18, 19
The three fluorochromes used in
the present study, i.e. oxytetracycline,
alizarin complexone, and calcein green,
were injected on days 14, 24, and 38.
This order of fluorochrome administration followed the recommendation of
Rahn and is currently routinely used by
several laboratories.12 It is highly important to use a well-proven labelling regime as different labelling sequences can
produce different histomorphometrical
results. For example, when tetracycline
is given as the final label it is difficult
to recognize and separate tetracycline
from the background, as compared to
when tetracycline is given as the first
label, followed by other labels.20
Fluorochrome occurrences in
connection with bone formation have
often been repor ted qualitatively, and in
several quantitative studies the analyzed
bone tissue response is not related to
implants.21-24
Our subjective qualitative observations of more bone and a greater
fluorescence occurrence/activity were
confirmed in our quantitative data. The
region of interest for observation of
bone tissue formation in the present
study focused on the inner threads
and on the area in close vicinity to
the implant surface. These areas were
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involved in the initial surgical trauma.
However, the bone tissue in a rabbit is
not fully remodelled after six weeks, and
thus straight lines of fluorescence bands
cannot be observed as is the case, for
example, in a fluorescent-labelled cor tical plate. This was one reason for not
measuring bone tissue growth over time,
and instead focusing on comparisons of
new bone and the occurrence of fluorocromes (newly formed bone) in similar
regions. However, when comparing
our figures to the ones in the paper by
Wheinlaender et al.,25 our bone labelling
was more differentiated and revealed
sharper and more colourful lines. There
may naturally be several reasons for
such qualitative differences, and some
may be related to the different animals
(dogs versus rabbits), follow-up times
(12 versus 6 weeks), and section quality/thickness (up to 100 versus 25 um).
In this study, oxytetracycline could
not be observed in the sections when
either UV or blue light was used to
excite the fluorochrome. This was also
confirmed by using another microscope
(Donath K, personal communication),
revealing that no oxytetracycline was
visible in the sections. One explanation
for this may be the phenomenon called
label escape error. This type of error
occurs when the interval between two
fluorochrome injections, the marker
interval (MI), is too shor t in relation
to the formation period (FP). The formation period is known as the length
of the bone formation phase of the
remodelling cycle.26 The result is double
labelling of the bone. The smaller the
MI/FP ratio, the greater the amount
of double-labelled bone. If the marker
interval is longer than the formation
period, no double labels will be found.27
The FP in the bone is different in different regions of the bone, and therefore

some bone would be single-marked with
oxytetracycline. However, in this study
no oxytetracycline was observed at all.
Another theory is that the remodelling
rate was so rapid that the bone marked
with oxytetracycline was resorbed and
then remodelled when the other fluorochromes were injected. The remodelling
rate at the beginning of the healing
period may be rapid close to the implant,
and that would suppor t this theory. At
some distance from the implant the
remodelling rate is slower and oxytetracycline should therefore be observed in
the outer regions. However, this was not
the case in the present study. Another
reason could be the slight bleaching
of the sections before the histological
staining. This could have weakened the
labelling. However, observations on
unbleached sections did not reveal any
oxytetracycline. All quantifications were
done on sections with similar treatment.
Yet another theory is that something
was wrong with the chemical used
in this study or that something went
wrong during the administration of the
fluorochrome. However, the chemical
was pure and fresh, and samples from
another study with a new batch of oxytetracycline and a similar fluorochrome
labelling regime did not show oxytetracycline (CB Johansson unpublished
data). The subcutaneous administration
was performed in a similar way as with
the other fluorochrome used, indicating a successful injection technique.
Unfor tunately, the exact reason for
not observing tetracycline is therefore
unknown to us. In the study by
Weinlaender et al. thicker sections (up
to 100 um) were used for subjective
quantifications of the amount of newly
formed bone, labelled with oxytetracycline, alizarin-complexone and
calcein, around screws and cylinder type

implants inser ted in dogs.25 They
repor ted, “diffusely yellow (oxytetracycline) labeled” tissue both in the
periosteal and endosteal regions. The
reason for such diffuse labelling was not
speculated on, but it may have to do with
bone turnover. There was no significant
difference repor ted between amounts
of alizarin and calcein outside machined
c.p. ti implants, however, the amount of
calcein was significantly higher than the
amount of alizarin outside the plasma
sprayed rougher implants. The amount
of alizarin was similar outside of both
implants, while the amount of calcein
was greater around the rougher implants.
These results are in good agreement with
our data in the present study. The reason
for these observations can either be that
there was more activity at the end of
the healing period than in the middle of
the period or that there was high bone
activity during the whole healing period. A
constantly high bone activity would result
in the alizarin-marked bone already being
remodelled when calcein was injected,
and therefore more calcein than alizarin
would be observed on the specimens.
The new bone area (toluidine blue
stained) and the manual fluorochrome
occurrence measurements followed the
same trend. Both of these measurements depict newly formed bone, but
in various ways. For the new bone area
measurements, the colour of the stained
bone revealed whether the bone was
old or new, whereas in the fluorochrome
occurrence measurements, the amount
of bound fluorochromes revealed the
amount of newly formed bone. The
fluorochrome method may be preferable since it was seldom difficult to
distinguish whether or not the fluorochromes were present. This method also
gives information about approximately
when new bone really is formed (albeit
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not quantified in the present repor t).
In the new bone area measurements
it was sometimes difficult to distinguish
between new and old bone since the
bone was not only stained very pale
(= old bone) or very dark purple
(= new bone), but all grades of purple
were observed.
CONCLUSION
The present pilot study demonstrated significantly better bone integration of implants with Mg incorporation
in the oxide as compared to a turned
native titanium oxide surface. These 2D
results support our earlier biomechanical 3D data with greater integration of
similar Mg implants. Additional information about existing new bone can be
achieved by adding in vivo fluorochrome
dyes that reveal the location of newly
formed bone in the sample. In order
to gain more knowledge about bone
quality, formation, and activity around
implants inserted in compromised bone
beds, for example such comparisons
performed with various techniques will
be of great interest.
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