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Abstract While various techniques for analyses of the bone/
implant interface are developed, most of them do not show the
osseointegration process in details. In this article, we present a
new inverted approach to explore the osseointegration of the
dental implants, based on the chemical deep etching of titani-
um implants. An approach was tested on 18 implants inserted
in 6 dogs. Bone/implant blocks were taken after 1, 3, and
6 months after implantation. The titanium was chemically
removed from the interface, leaving the bone tissue intact.
Once metal was removed, bone tissue was analyzed macro-
scopically and with a scanning electron microscope, after-
wards decalcified and used for histological analysis. The clear
patterns of implant integration into the bone tissue were ob-
tained after 1, 3, and 6 months after implantation. After
1 month, the bone/implant interface was still very immature.
After 3 months, the bone was already quite mature and orga-
nized. After 6 months, the external bone layer on the bone/
implant interface appeared in its final osseointegrated form.
The presented inverted method for the osseointegration anal-
ysis offers new insight into the healing process of the bone/
implant interface after implantation, as well as integrative pro-
cesses occurring around implants with different surfaces and
designs.
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1 Introduction

The integration of the dental implants into the bone tissue and
characteristics of the interface between bone and implant is
one of the biggest challenges in dental and orthopedic implant
research. Several different approaches to characterize the mor-
phology of the implant osseointegration are known [1–3]. The
first approach supposes to derive the intact bone-implant in-
terface and prepare the cuts (lengthwise and transverse) of the
Bimplant-bone^ border zone [4–6]. The second technique is
based on mechanical removal of the implant from the bone
tissue, thereby damaging the interface [4, 7]. Each approach
has its own disadvantages [8, 9]. For example, the bone tissue
on the border with the implant is often damaged when
obtaining bone sections with the implant and preparing cuts
of teeth. This is also difficult to maintain the integrity of bone
associated with the implant during their mechanical separa-
tion. As stronger the implant/bone connection is, as more
damages of bone tissue will be occurred. Furthermore, it is
impossible to save intact the shape and size of the bone
contacting with the implant surface. Therefore, this method
cannot be used for detailed investigation of the processes of
bone formation around threaded implants [8, 9] and ap-
proaches should be improved. An advantageous approach is
the computed tomography of the implant-bone interface [10].

Here, we suggest the deep etching approach based on the
chemical removal of the implant from the bone leaving the
shape and size of the bone tissue intact.
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2 Materials and Methods

2.1 Experimental Animals

Six male mongrel dogs (> 2 years), weighting between 15 and
20 kg, were used in this study. The animals were kept in
purpose-designed rooms and were fed and watered ad libitum
with a standard diet. The study was approved by local research
ethics committee (protocol 6, 07/26/2012) [4]. All surgery was
performed in an operating room at the Kazan State Academy
of Veterinary Medicine, Kazan, Russia.

2.2 The Experimental Model and Implants

The model of bone defect was developed 6 months prior of
implants insertion. The dogs were anesthetized with an intra-
muscular injection of aminazine (1 ml) and xylazine hydro-
chloride 5 mg/kg, then propofole (0.6 ml/kg) was injected
intravenously. A preoperative antibiotic (amoxicillin) was ad-
ministered intramuscularly, and 1.8 ml of artikaine at 2% was
used in the surgical area for conduction anesthesia. Two man-
dibular premolars were bilaterally extracted, the tooth cavities
were left for healing and filling with the bone tissue for
6 months. Then, the implants were inserted into the bone
bed of the removed premolars by using traditional technique.

After 6 months after surgery, 18 dental implants of 3.25-
mm diameter and 8.5-mm length (produced specially for the
dogs from nanostructured titanium on Kazan medical instru-
ments factory, Kazan, Russia) were inserted in the jaw sites
with atrophied bone and analyzed after 1, 3, and 6 months of
healing [11]. The animals were divided into three groups with
2 dogs in each according to the time between initial surgery
and the bone-implant blocks removal. The bone blocks with
the integrated implants were cut out after 1, 3, and 6 months
(Fig. 1) and subjected to the deep etching. The jaw was recov-
ered by using osseoconductive and asseoinductive materials
and tooth implant establishment to provide normal life of the
dog (see Fig. 2).

2.3 The Non-traumatic Removal of Implant from the Bone

The method consists in titanium removal without damaging of
the bone. Each bone block containing an osseointegrated tita-
nium implant was washed in phosphate buffer saline (PBS,
рН 7.4) and placed into an etching solution (19.6%
hydrofluoric acid, 8.9%metallic zinc, 71.5% ethylene glycol).
The composition of the solution provides the complete remov-
al of titanium from the bone tissue and implants. Titanium
reacts readily with weak acids in the presence of complexing
agents and become dissolved in 30 days. As a result, the im-
plant disappears while the surrounding bone tissue remains
intact [11]. The remaining bone tissue was further processed
to remove the bone mineral component (decalcification) and
used for long-term histological analysis.

2.4 Sample Processing and Analysis

After etching, the obtained bone samples were kept back for
macroscopic evaluation and scanning electron microscopy
(SEM). For the histological examination of the bone, samples

Fig. 1 Experimental-surgical
model. Bone blocks containing
the osseointegrated implants
obtained from the dog lower jaw
using a bur and a chisel

Fig. 2 The dogs with recovered jaws after bone-implant blocks removal
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were submerged in 10% formol solution for 24 h and then
washed in running water for a further 24 h. After that, the
samples were dehydrated in graded ethanol solutions from
70 to 100%, embedded in paraffin, and stained with
hematoxylin/eosin solution or according to Van Gieson’s pro-
tocol [12].

3 Results

Healing of all surgeries went uneventful. Initially placed im-
plants were clinically integrated with normal peri-implant tis-
sue appearance until the bone-implant blocks were cut out.
The implants were removed by the chemical etching and an-
alyzed as described in Section 2.

The macroscopic examination after the removal of the im-
plant using the method of deep etching by Mirgazizov [12]
allowed characterizing the contours, surface, and volume of
the bone tissue that contacted with the implant surface. A clear
imprint of the implant screw in the bone tissue was observed
on the third month (Fig. 3a), which is a characteristic feature
of its osseointegration.

Then, the scanning electron microscopy of the bone blocks
obtained after 1, 3, and 6 months of implantation was per-
formed (Fig. 3b–d, respectively). One month after the implan-
tation, the bone tissue started to follow the shape of implant
threads. However, the Bbone carving^ at this time was still
incomplete. In 3 months, the bone regeneration at the surface
of the implant following the imprint of the screw pattern was

observed (Fig. 3c), and in 6 months after the implantation, the
bone tissue in the osseointegrated interfaces was homogenous
and the bone interface was an exact imprint of the screw
threads of implants.

The histological analysis of the samples demonstrated bone
remodeling around the implant (Fig. 4 a). During the first
month, there was a mature and fibrous connective tissue in
the upper and middle segments of the implant (Fig. 4a). In the
lower segment, a connective tissue and separate bone beams
were observed (Fig. 4b). Three months after the implantation,
a fibrous bone tissue similar to the screw threads was identi-
fied (Fig. 4c). Six months after the implantation, the bone
tissue around the implant was organized as a mature lamellar
bone with the clearly visible ridges on the upper margin along
the entire surface of the implant (Fig. 4d).

4 Discussion

Despite of success in the clinical use of dental implants made
of titanium and its alloys, the materials and designs of im-
plants need to be improved [1, 14]. An important step is the
optimization of the bone-implant interface and development
of new surfaces and macrodesigns of implants that could en-
hance the process of osseointegration [1, 2, 15, 16]. In a broad
sense, an interface is a border between interacting independent
objects. From this perspective, this term Binterface^ is appro-
priate to describe dental implants interacting with the jaw
bone, oral mucosa, abutments, prosthetic structures, as well

Fig. 3 The macroscopic and
scanning electron microscopy
(SEM) analysis of the bone sur-
face after etching and removal of
the implant. The shape of the im-
plant screw threads was clearly
visible on the walls of the bone
block, which indicated the
osseointegration of the interface
(a). SEM analysis of the bone
tissue 1 (b), 3 (c), and 6 (d)
months after the implantation
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as teeth surrounding the implant-supported rehabilitations,
suggesting them to be more complex than the single
implant/bone interface.

Since the development of the new implant surfaces and
designs is an urgent problem in stomatology, the evaluation
of the bone-implant interface parameters is widely describe
[1–3]. While many methods to characterize their interfaces
are already known including the in vitro analysis [1, 17–19],
however, there are very few methods to evaluate this interface
in vivo [1–3]. This is mainly implant torque removal (biome-
chanical evaluation of the bone/implant interface strength)
[20] and histology with the help of undecalcified specific his-
tological procedures [21]. Both systems are incomplete and
need to be combined to achieve relevant conclusions [2]. On
the other hand, the torque removal provides interesting data on
the biomechanical characteristics of the interface, but the re-
sults are too statistically insignificant and the method does not
allow investigating and understanding the reasons of the ob-
served results [20]. The bone/implant undecalcified histolog-
ical analysis is also limited by analytical relevance: the histo-
logical method for bone cutting allows obtaining 1 or 2 good
histological slides for each analyzed implant [20]. This means
that researchers can only observe one axis of the
osseointegrated implants, while the osseointegration process
may differ considerably from the implant periphery.

In order to analyze the osseointegration of the whole im-
plant periphery, some researchers suggest using of non-
destructive physical methods, such as synchrotron radiation
[21] and microtomography [10, 22], to reconstruct the whole

osseointegrated interface around the implant. However, these
methods have their own limits related to the physical behavior
of the implant material (in particular, its optical density). The
artifacts are numerous and make it difficult to accurately ana-
lyze the whole interface [23].

It is always recommended to combine these various
methods in order to improve the significance of any study
on the bone/implant interface. Even if the dental surfaces of
implants are widely covered in the literature, these data remain
contradictory and difficult to interpret due to these technical
limitations to investigation of the interface with quantitative
analysis. However, even with the existing limits, these
methods are needed to explore the characteristics of the inter-
face parameters and to evaluate the reliability and efficiency.
Studying these interfaces is also very important when making
implants suitable for difficult clinical cases [24–26].

In this article, we introduce a new approach to studying the
osseointegration of dental implants. This approach is based on
deep etching of titanium-made implants [8, 12]. In this ap-
proach, titanium is chemically removed from the interface
with the bone left intact. As the metal is removed, the
decalcified bone tissue can be used for microscopic study.
Using this method, we studied the integration of implants in
the bone tissue for up to 6 months.

The results of this study illustrate the stages of
osseointegration of threaded implants, as well as a new approach
to analysis of this process. In this method of osseointegration, a
threaded implant can be identified as at the stage when the entire
space between the implant and the bone wall (in particular, the

Fig. 4 Histological analysis of
the bone tissue samples after 1, 3,
and 6 months after the
implantation, magnification
× 400. (a) A mature fibrous
connective tissue (Van Gieson
staining). Upper and middle
segments of the implant after
1 month of the experiment. b A
connective tissue and separate
bone beams. Lower segment of
the implant after 1 month of the
experiment (Van Gieson
staining). c A fibrous bone tissue
following the implant surface
after 3 months of the experiment
(Hematoxylin and eosin staining).
d A mature lamellar bone with
clear ridges on the inner line along
the entire surface of the implant
after 6 months of the experiment
(hematoxylin and eosin staining)
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space between the threads) is filled with newly formed mature
bone tissue, as well as when the bone tissue accurately imitates
the geometry of the implant as the mirror image of the implant
shape [26]. When osseointegration is achieved, an exact imprint
of the implant design and continuous and compact external bone
surface is observed.

Osseointegration was initially defined as an experimental
observation of titanium ankylosis in bone [1]. In this study, we
present a new concept for osseointegration of threaded im-
plants as an experimental observation of the complete growth
of bones and reconstruction along the bone/implant border.
This approach remains relatively theoretical, since the most
important parameter is clinical evaluation of the implant sta-
bility, which allows to load the implant with a crown and to
make it fulfill its function.

In this study, the samples needed 6 months for complete
osseointegration, i.e., for formation of a mature compact bone
all over the implant during the osseointegration process. In
this conceptual study, we used a simple threaded implant
made of titanium to verify the main mechanisms of the ana-
lytical protocols, which was of interest for various shapes of
surfaces [27], since all the available evaluations have been
based on measurements of the rotational moment and analysis
of the undecalcified bone integrated with the implant [21].

5 Conclusions

The experimental and morphological study of the integration
of implants by the method of deep chemical etching by
Mirgazizov [11] revealed the features of regeneration around
the threaded implants and proved the fact of formation of a
mature compact bone in the lower segment after 3 months of
osseointegration and along the entire length of the implant
after 6 months of this process. Furthermore, the investigations
allowed considering the osseointegration of a threaded im-
plant as a complete mirror image of the implant surface at
the bone surface appearing as a result of the processes of bone
formation. The proposed approach can be used for the clinical
and morphological studies of any new materials used for im-
plantation and offers new opportunities for researchers with
regard to the use of other implant designs in both stomatology
and other fields of medicine.
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