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Abstract: Implant surface topography using bioactive material provides faster bone-to-implant
healing. This histological report described the analysis of human bone tissue around an immediately
loaded implant, with BPC® (Biphasic Calcium Phosphate) grit-blasted surface treatment, after two
months of healing. Two temporary mini-implants (2.8 x 10 mm) with BPC® grit-blasting surfaces
were placed and immediately loaded to retain a complete interim denture. After a 60-day healing
period, one mini-implant was removed for histologic analysis. The ground section showed the whole
implant surrounded by healthy peri-implant tissues. Implant surface presented a close contact with
newly formed bone, showing some areas of osteoblasts secreting mineral matrix. The ground section
depicted a bone contact of 60.3 + 8.5%. The BPC® grit-blasted surface was biocompatible and enabled
the osseointegration process after a short-term period.
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1. Introduction

Only after surgical installation does the osseointegration process begin due to the
biocompatibility of the implant surface topography. The capacity of a material to elicit the
optimal biological response for a particular scenario or application is known as biocompati-
bility [1,2]. This property enhances the characteristics of the implant surface topography
and the bone tissue healing around the implant surface.

A set of biological processes are started after the installation of dental implants to aid
in the healing of the peri-implant wound. The initial matrix formation required to enable
successful osseointegration is provided by the recruitment and migration of osteogenic cells
to dental implant surface topography. As a result, the implant surface topography is crucial
to this process, especially in the initial stages of recovery. Additionally, various molecular
and cellular mechanisms of the initial bone matrix production and mineralization process
are affected by the surface topographical characteristics at the micro- and nanoscale [3,4].

Long-term implant longevity highly depends on the amount of mineralized new bone
tissue that is in direct contact with the implant surface topography. Long-term implant
success depends on a number of factors, including implant material, bone quality and
quantity, surgical technique, surface characteristics, implant design, and implant loading
scenarios.

Numerous advancements have taken place in the last ten years to increase bone-to-
implant contact (for a review, see [3]). To increase the roughness of the implant surface,
for instance, the industry has employed a number of techniques, including titanium an-
odization, discontinuous calcium phosphate crystal deposition, coatings with biological
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molecules, and chemical modification techniques, including sandblasting, acid-etching,
and grit-blasting [3-7].

In the past, machined surfaces, commonly referred to as “turned” or “smooth,” were
most frequently employed. The main feature of the machined surfaces was that distance
osteogenesis characterized the pattern of bone formation [3]. After that, surfaces that had
been sandblasted and acid-etched were created using a combination technique that involved
blasting (to generate a macro-texture) and acid etching (to create a final micro-texture).
Surfaces that had been sandblasted and acid-etched exhibited strong osteoconductive
qualities and the ability to promote cell growth. Additionally, “contact osteogenesis”—
where the osteoblasts begin to deposit an osteoid matrix right on the implant surface—is a
feature of the bone-growth pattern surrounding blasted, rough surfaces [3-7].

BPC® (biphasic calcium phosphate) is a mix of hydroxyapatite and beta-tricalcium
phosphate, natural elements of bone tissues, which have improved chemical character-
istics that allow faster direct bone-to-implant contact [2]. Complementarily, BPC® as a
grit-blasting material can provide degrees of roughness comparable with those of other
materials commonly used, such as Alumina-Ti. BPC® attains roughness ranges of 1-2 um,
considered ideal for the adequate biochemical anchorage of dental implants [4]. Histological
evaluations (preclinical and some case human reports) and clinical studies (implant stability
after implant-supported restoration placement) have measured osseointegration [3]. There-
fore, evaluation of the bone-implant interface is crucial to understanding the relationship
between these methods of implant surface treatment and the osseointegration process.
All these studies provide valuable data, but with limited or low evidence quality. It is
important to point out that the results obtained from in vitro and animal studies could
not be automatically translated to a human situation. Accordingly, it is very important to
evaluate retrieved human implants. These retrieved implants can be removed due to a
wide range of technical and biological problems. Technical problems include unrestorable
prosthetics, misalignment, sub-optimal positions from aesthetic and hygienic points of
view, and the inability of an implant to meet changed prosthetic needs. Biological prob-
lems, such as mobility, fracture, peri-implanitis, bone loss, and infection, can also result
in implant removal. Implants from humans can also be obtained as part of a research
protocol approved by an Ethical Committee using experimental implants with reduced
dimensions (micro-implants) or temporary implants to support an interim restoration. All
these methodologies aim to facilitate the retrieval process. In the aforementioned situations,
the dental implants present bone tissue attached to the implant surface that allow a better
understanding of the whole picture of the biological process of bone-to-implant contact.
Understanding the failure mechanisms or the responses of the peri-implant tissues (soft
tissues and bone) can also be greatly aided by the meticulous study of all these various
types of implants [3,5,6].

Therefore, evaluating dental implants retrieved from human jaws in a non-diseased
situation is a valuable source of information about the bone-implant interface. This case
report aimed to assess the impact of BPC® implant surface topography immediately loaded
in the human maxilla and retrieved after 60 days of healing.

2. Materials and Methods

A 46-year-old female patient, whose complaint was the instability of a maxillary
removable complete denture, presented at Guarulhos University Dental School for implant-
supported rehabilitation treatment. After a comprehensive clinical and radiographic exam-
ination, which showed adequate bone volume, and after discarding any changes in any
systemic disease, the placement of 6 dental implants to support a fixed prosthesis in the
maxilla was planned.

Among the 6 implants placed in the patient were two narrow 2.8 mm wide and 10 mm
long screw-shaped dental implants (Axiom®, Anthogyr, Salanches, France) with surfaces
treated by BPC® grit-blasting, and etched with nitric acid. These mini-implants were placed
in the edentulous maxilla as “temporary” implants in addition to the six conventional
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implants (4.1 mm diameter and 10 to 13 mm length) according to manufacturer instructions
(Figure 1). The temporary mini-implants were immediately loaded to retain a complete
interim denture during the healing period of the standard implants (diameter > 3.5 mm).
After two months of healing without any post-operative complaints or complications
(Figure 2), during the second-stage procedure to uncover the 6 conventional implants, the
left maxillary temporary mini-implant and abutment were removed, together with the
surrounding bone using a 4.0 mm internal diameter trephine burr (Figure 3). After removal,
the specimen was fixed by immediate immersion in 4% phosphate-buffered formalin. The
second temporary implant placed on the right side was removed using a retriever device.
This report was approved by the Ethics Committee of the University of Guarulhos (UnG),
Sao Paulo, Brazil (IRB # UnG 60830316.8.0000.5506).

Figure 2. (A) Clinical aspect of the temporary implants after 60 days of healing; (B) radiographic
aspect of the temporary implants (arrows) and the conventional type. Note that the conventional
implants were submerged and will receive the 2nd stage of surgery.

Figure 3. Temporary implant retrieved after 60-day healing period. Note the presence of attached
bone tissue around the implant.
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Processing of Specimens and Histometric Analysis

The specimen was preserved for ten days in 4% phosphate-buffered formalin at pH
seven before being moved to a 70% ethanol solution to await processing. The specimen
was hard-sectioned using the Donath—Breuner method [8], infiltrated and embedded in LR
White resin (London Resin Company, Berkshire, UK), and then dehydrated in progressively
higher alcohol concentrations up to 100%. A part that represented the site’s center had
been prepared. The portion was micro-ground and polished until it had a thickness of
around 25 mm. It was ready for histomorphometry after being stained for optic microscopic
examination using Stevenel’s blue and alizarin red stain. The percentage of implant bone
in direct contact with the implant surface topography over the whole implant’s perimeter
is known as the percentage of bone-to-implant contact (%BIC). A light microscope (NIS,
Nikon; Melville, NY, USA) that was attached to a high-resolution camera and interfaced
with a display and personal computer was utilized for the assessment. This optical device
was coupled with a digitizing pad and a historical software program from Nikon that
included image-capture features.

3. Results

Cortical bone was seen in the first 1 to 3 coronal millimeters of the ground slice
(Figure 4). There was mineralized, recently formed bone in close proximity to the implant
surface at the interface of the retrieved implant, with no gaps or fibrous connective tissue.
This newly produced bone conformed to the surface imperfections of the dental implant
(Figure 5). At several contact sites, there were areas of bone remodeling with numerous
reversal lines. The implant surface actually made up a portion of the osteocyte wall in
some areas of the dental implant perimeter. There were large osteocyte lacunae in the
developing trabecular bone. Osteoblasts were seen depositing unmineralized osteoid
matrix onto the metal surface in some of the implant’s retrieved areas (Figure 6). With
apposition and resorption processes, newly produced bone filled the bulk of the inter-
thread voids. Epithelial down growth and inflammatory cell infiltration were not present.
Bone-to-implant contact was 60.3 + 8.5 percent.

Figure 4. Ground section—15x original magnification; Stevenel’s blue and alizarin red stain. The
implant is surrounded by newly formed bone along the entire perimeter with some areas of woven
bone.
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Figure 5. Ground section—200X original magnification; Stevenel’s blue and alizarin red stain. The
implant (I) is surrounded by new bone (NB) with areas of ongoing bone formation. Woven bone (WB)
and some areas with connective tissue are also seen with vessels (*) and some particles of pristine
bone (PB).

Figure 6. Ground section—200X original magnification; Stevenel’s blue and alizarin red stain. The
implant (I) is in close contact with osteoblasts (white arrowheads), suggesting ongoing bone formation
or osseointegration. New bone (NB) is also present with areas of bone matrix formation with several
osteoblasts (arrows) and a large area of woven bone (WB), usually seen in the regions with type IV
bone (maxillae).

4. Discussion

The exact amount of bone needed at the interface of loaded implants to preserve
long-term clinical success is still unknown [9,10]. Different amounts of BIC % were found
in the literature, reporting results ranging from 18% to 65% [5,9-13]. The present study
showed a high % of BIC (60.3 & 8.5%) and the osseointegration process of peri-implant
tissue on a temporary implant with a BPC® grit-blasted surface, even at the early stage of
tissue healing after immediate loading.

Among other factors such as surgical technique and patient variables (smoking and
health conditions such as diabetes and osteoporosis), the implant surface topography plays
a vital role in BIC%, since it will be an essential factor in the peri-implant cellular and
molecular mechanisms [3].

Over the years, several changes have been made in dental implants’ macro- and micro
design. These modifications aimed to improve the bone tissue healing around dental
implants, allowing higher success rates in the immediate loading protocols, avoiding a
second-stage procedure. To load implants immediately, implants with treated surfaces that
can stimulate new bone formation and increase the value of BIC, reducing the healing time,
represent an important tool from a clinical point of view [7,11,12].
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The implant surface topography also improves the clinical outcomes of implant-
supported restorations in areas of type IV bone [3,9,13]. In addition, studies have shown
that roughened [14,15] and moderately roughened titanium surfaces can provide better
osseointegration than smoother surfaces [15]. The implant surface treatment can be per-
formed by several methods, such as additive processes, e.g., titanium plasma spraying
and surface coating with biomimetic materials, or subtractive mechanisms, by grit-blasting
and acid-etching [11,16-19]. One of the most common protocols for implant surface treat-
ment is using grit-blasting followed by acid etching. The most common material used for
grit-blasting is alumina (Al,O3), a low-biocompatibility material [17]. However, by being
insoluble in acid, alumina gets partially trapped on the implant surface, which can compro-
mise the implant’s osseointegration or even decrease titanium’s corrosion resistance in a
physiological environment [17]. A possible alternative to alumina for roughening titanium
dental implants would be to use a mix of calcium phosphates such as hydroxyapatite and
beta-tricalcium phosphate (biphasic calcium phosphate). This leads to a biocompatible, os-
teoconductive, and resorbable material [9,16], entirely soluble in acid, reducing the residual
material trapped on the roughened implant surface.

Furthermore, instead of being prejudicial to the osseointegration process, this min-
imum residual amount will optimize it [2]. The results from this study corroborate this
concept, since it was possible to see new and woven bone formation with bone cells in
direct contact with the grit-blasted BPC implant surface, even at an early stage of tissue
healing after immediate loading. In addition, these findings agree with previous studies
that showed that immediate loading allowed new bone formation around the implant
surface in both the maxilla and mandible [3,7,13].

Peri-implant bone tissue undergoes remodeling, with a transformation of the initially
produced woven bone into a bone with a lamellar configuration, showing a higher degree
of organization. Earlier protocols suggested a submerged healing period of 4-6 months
to obtain mineralized bone tissue at the implant surface interface, and an earlier implant
loading could result in fibrous tissue formation at the bone-implant interface. Conversely,
several researchers [20-22] have reported, in the last 2 decades, that in early and immedi-
ately loaded implants placed in good-quality bone, it was possible to obtain a high level of
osseointegration, clinically, radiographically, and histologically similar to that of implants
used with a standard submerged protocol [20]. This procedure, when correctly indicated,
provided the resolution of several issues. Many patients complained about how painful it
was to wear temporary prostheses; therefore, it would be advantageous for most of them
if there was a way to speed up the healing process without compromising the long-term
success of the dental implants. It was feasible to see peri-implant lamellar bone organized
in haversian systems in our case report. Because the remodeling processes most likely
started from the implant surface and moved outward, these systems near to the implant
surface were mostly constructed in a parallel manner [3,21].

Complementary mechanical stimuli controlled cell division and differentiation, as
well as the kind and structure of the tissue. The sighting of numerous osteocytes at the
implant surface suggests the role of these cells as mechanosensory cells [22]. Additionally,
assessing the healing rates at the interface at various time points could be beneficial.
The fact that bone’s hardness and elastic modulus tend to rise with time may indicate
that osseointegration is a highly dynamic process that involves the bone’s adaptation to
functional loading stimuli to enhance the bone’s overall biomechanics [23].

We were able to assess the interaction between the implant surface and the peri-
implant tissues by removing implants from individuals and retaining their bone anchoring
by evaluating this tissue in undecalcified sections. In the case study, a temporary implant
was employed to give the patient some stability and comfort from the entire provisional
denture. This allowed the implant to be withdrawn safely from the patient without causing
any harm. This made it possible to perform a histological analysis of the osseointegration
and bone-healing processes around the dental implant. Although macro- and micro-
topographies of implants have been examined in pre-clinical studies [3,13,23], suggesting
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that the implant surface characteristic may be able to modulate the bone response during
the healing phase, not all of the evidence from these studies can be applied to a human
situation [3]. As a result, information gathered from implants removed from human jaws
continues to be a crucial source. Last but not least, randomized clinical trials are required to
more fully comprehend the results of this sort of surface therapy in comparison to others.

5. Conclusions

Within the limits of this case report, it could be concluded that the BPC® grit-blasted
surface proved biocompatible and enabled the process of osseointegration in temporary
implants with immediate loading.

Author Contributions: Conceptualization, J.A.S. and A.P.; methodology, T.H.I.S. and E.C.K.; formal
analysis, A.P. and E.C.K ; resources, ].A.S.; writing—original draft preparation, TH.I.S. and E.C.K.;
writing—review and editing, TH.LS., E.CK., A.P. and J.A.S,; supervision, J].A.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Ethics Committee of the University of Guarulhos (UnG),
Sao Paulo, Brazil, approved this study (# UnG 60830316.8.0000.5506).

Informed Consent Statement: Informed consent was obtained from the subject involved in the
study from the Ethics Committee of the University of Guarulhos (UnG), Sao Paulo, Brazil (# UnG
60830316.8.0000.5506).

Data Availability Statement: The data are unavailable due to privacy or ethical restrictions. Please
contact the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest with the material evaluated in this

manuscript.

References

1.  Wataha, ].C. Principles of biocompatibility for dental practitioners. J. Prosthet. Dent. 2001, 86, 203—209. [CrossRef] [PubMed]

2. Hoornaert, A.; Vidal, L.; Besnier, R.; Morlock, J.; Louarn, G.; Layrolle, P. Biocompatibility and osseointegration of nanostructured
titanium dental implants in minipigs. Clin. Oral Implant. Res. 2020, 31, 526-535. [CrossRef] [PubMed]

3. Shibli, J.A,; Pires, ].T.; Piattelli, A.; Iezzi, G.; Mangano, C.; Mangano, E; De Souza, S.L.; Gehrke, S.A.; Wang, H.-L.; Ehrenfest,
D.M.D. Impact of Different Implant Surfaces Topographies on Peri-Implant Tissues: An Update of Current Available Data on
Dental Implants Retrieved from Human Jaws. Curr. Pharm. Biotechnol. 2017, 18, 76-84. [CrossRef] [PubMed]

4. Sul, Y.-T,; Johansson, C.; Wennerberg, A.; Cho, L.-R.; Chang, B.-S.; Albrektsson, T. Optimum surface properties of oxidized
implants for reinforcement of osseointegration: Surface chemistry, oxide thickness, porosity, roughness, and crystal structure. Int.
J. Oral Maxillofac. Implant. 2005, 20, 349-359.

5. Mangano, EG,; lezzi, G; Shibli, ].A ; Pires, ].T.; Luongo, G.; Piattelli, A.; Mangano, C. Early bone formation around immediately
loaded implants with nanostructured calcium-incorporated and machined surface: A randomized, controlled histologic and
histomorphometric study in the human posterior maxilla. Clin. Oral Investig. 2017, 21, 2603-2611. [CrossRef]

6. Shibli, J.A.; Mangano, C.; Mangano, F.; Rodrigues, J.A.; Cassoni, A.; Bechara, K.; Ferreia, ].D.B.; Dottore, A.M.; lezzi, G.; Piattelli,
A. Bone-to-Implant Contact Around Immediately Loaded Direct Laser Metal-Forming Transitional Implants in Human Posterior
Maxilla. . Periodontol. 2013, 84, 732-737. [CrossRef] [PubMed]

7. Romanos, G.E. Wound healing in immediately loaded implants. Periodontology 2000 2015, 68, 153-167. [CrossRef]

8.  Donath, K.; Breuner, G. A method for study of undecalcified bones and teeth with attached soft tissue. The sage-Scliff (sawing
and grinding) technique. J. Oral Pathol. 1982, 11, 318-326. [CrossRef]

9.  Shibli, J.A.; Grassi, S.; Piattelli, A.; Pecora, G.E.; Ferrari, D.S.; Onuma, T.; D’Avila, S.; Coelho, P.G.; Barros, R.; Iezzi, G.
Histomorphometric Evaluation of Bioceramic Molecular Impregnated and Dual Acid-Etched Implant Surfaces in the Human
Posterior Maxilla. Clin. Implant. Dent. Relat. Res. 2010, 12, 281-288. [CrossRef]

10. Mangano, C.; Piattelli, A.; Mangano, F.; Rustichelli, F.; Shibli, J.A.; Iezzi, G.; Giuliani, A. Histological and Synchrotron Radiation-
Based Computed Microtomography Study of 2 Human-Retrieved Direct Laser Metal Formed Titanium Implants. Implant. Dent.
2013, 22, 175-181. [CrossRef]

11.  Chrcanovic, B.R.; Albrektsson, T.; Wennerberg, A. Dental implants inserted in fresh extraction sockets versus healed sites: A

systematic review and meta-analysis. J. Dent. 2015, 43, 16—41. [CrossRef] [PubMed]


https://doi.org/10.1067/mpr.2001.117056
https://www.ncbi.nlm.nih.gov/pubmed/11514810
https://doi.org/10.1111/clr.13589
https://www.ncbi.nlm.nih.gov/pubmed/32058629
https://doi.org/10.2174/1389201017666161221120618
https://www.ncbi.nlm.nih.gov/pubmed/28003002
https://doi.org/10.1007/s00784-017-2061-y
https://doi.org/10.1902/jop.2012.120126
https://www.ncbi.nlm.nih.gov/pubmed/23003913
https://doi.org/10.1111/prd.12058
https://doi.org/10.1111/j.1600-0714.1982.tb00172.x
https://doi.org/10.1111/j.1708-8208.2009.00174.x
https://doi.org/10.1097/ID.0b013e318282817d
https://doi.org/10.1016/j.jdent.2014.11.007
https://www.ncbi.nlm.nih.gov/pubmed/25433139

Dent. J. 2023,11,177 8of8

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mangano, F; Mastrangelo, P.; Luongo, E; Blay, A.; Tunchel, S.; Mangano, C. Aesthetic outcome of immediately restored single
implants placed in extraction sockets and healed sites of the anterior maxilla: A retrospective study on 103 patients with 3 years
of follow-up. Clin. Oral Implant. Res. 2016, 28, 272-282. [CrossRef]

Novaes, A.B,, Jr.; De Souza, S.L.S.; De Barros, RR.M.; Pereira, KK.Y;; Iezzi, G.; Piattelli, A. Influence of implant surfaces on
osseointegration. Braz. Dent. |. 2010, 21, 471-481. [CrossRef] [PubMed]

Beutner, R.; Michael, J.; Schwenzer, B.; Scharnweber, D. Biological nano-functionalization of titanium-based biomaterial surfaces:
A flexible toolbox. J. R. Soc. Interface 2009, 7, S93-5S105. [CrossRef] [PubMed]

Andrukhov, O.; Huber, R.; Shi, B.; Berner, S.; Rausch-Fan, X.; Moritz, A.; Spencer, N.D.; Schedle, A. Proliferation, behavior, and
differentiation of osteoblasts on surfaces of different microroughness. Dent. Mater. 2016, 32, 1374-1384. [CrossRef]

Le Guéhennec, L.; Soueidan, A.; Layrolle, P.; Amouriq, Y. Surface treatments of titanium dental implants for rapid osseointegration.
Dent. Mater. 2007, 23, 844-854. [CrossRef]

Aparicio, C.; Gil, EJ.; Fonseca, C.; Barbosa, M.; Planell, ].A. Corrosion behavior of commercially pure titanium shot blasted with
different materials and size of shot particles for dental implant applications. Biomaterials 2003, 24, 263-273. [CrossRef]
Mastrangelo, F.; Quaresima, R.; Canullo, L.; Scarano, A.; Muzio, L.; Piattelli, A. Effects of Novel Laser Dental Implant Mi-
crotopography on Human Osteoblast Proliferation and Bone Deposition. Int. |. Oral Maxillofac. Implant. 2020, 35, 320-329.
[CrossRef]

Momesso, G.A.C.; de Sousa Santos, A.M.; Fonseca E Santos, ].M.; da Cruz, N.C.; Okamoto, R.; Barao, V.A.R.; Siroma, R.S.; Shibli,
J.A.; Faverani, L.P. Comparison between Plasma Electrolytic Oxidation Coating and Sandblasted Acid-Etched Surface Treatment:
Histometric, Tomographic, and Expression Levels of Osteoclastogenic Factors in Osteoporotic Rats. Materials 2020, 13, 1604.
[CrossRef]

Cesaretti, G.; Lang, N.P; Vigano, P; Bengazi, F; Alccayhuaman, K.A.A_; Botticelli, D. Inmediate and delayed loading of fixed
dental prostheses supported by single or two splinted implants: A histomorphometric study in dogs. J. Oral Rehabil. 2018, 45,
308-316. [CrossRef]

Iezzi, G.D.; Piattelli, A.M.; Mangano, C.M.; Degidi, M.M.; Testori, T.M.; Vantaggiato, G.D.; Fiera, E.D.; Frosecchi, M.D.; Floris,
PM.; Perroni, RM.; et al. Periimplant Bone Response in Human-Retrieved, Clinically Stable, Successful, and Functioning Dental
Implants After a Long-Term Loading Period. Implant. Dent. 2016, 25, 380-386. [CrossRef] [PubMed]

Piattelli, A.; Artese, L.; Penitente, E.; Iaculli, F; Degidi, M.; Mangano, C.; Shibli, ].A.; Coelho, P.G.; Perrotti, V.; Iezzi, G. Osteocyte
density in the peri-implant bone of implants retrieved after different time periods (4 weeks to 27 years). |. Biomed. Mater. Res. Part
B Appl. Biomater. 2013, 102, 239-243. [CrossRef] [PubMed]

Siqueira, R.; Ferreira, J.A.; Rizzante, EA.P.; Moura, G.F; Mendonga, D.B.S.; de Magalhaes, D.; Cimées, R.; Mendonga, G.
Hydrophilic titanium surface modulates early stages of osseointegration in osteoporosis. J. Periodontal Res. 2020, 56, 351-362.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/clr.12795
https://doi.org/10.1590/S0103-64402010000600001
https://www.ncbi.nlm.nih.gov/pubmed/21271036
https://doi.org/10.1098/rsif.2009.0418.focus
https://www.ncbi.nlm.nih.gov/pubmed/19889692
https://doi.org/10.1016/j.dental.2016.08.217
https://doi.org/10.1016/j.dental.2006.06.025
https://doi.org/10.1016/S0142-9612(02)00314-9
https://doi.org/10.11607/jomi.7606
https://doi.org/10.3390/ma13071604
https://doi.org/10.1111/joor.12612
https://doi.org/10.1097/ID.0000000000000415
https://www.ncbi.nlm.nih.gov/pubmed/27002775
https://doi.org/10.1002/jbm.b.33000
https://www.ncbi.nlm.nih.gov/pubmed/24106071
https://doi.org/10.1111/jre.12827
https://www.ncbi.nlm.nih.gov/pubmed/33368275

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

