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ABSTRACT: The purpose of this in vitro study was to develop a polymeric nanofiber mesh coating for
titanium implant surfaces and assess its contribution to the cellular response. Two types of dental implants
TiUltraTM and TiUniteTM (Nobel Biocare) were coated with poly (lactic acid) nanofibers fabricated using
the air-jet spinning technique (AJS). The morphology of the polymeric nanofibers was characterized by
scanning electron microscopy (SEM), and the biocompatibility was evaluated in terms of cell adhesion
by using human fetal osteoblasts (hFOB). The cellular localization was observed under a fluorescent
microscope, and the gene expression of Col 1, ALP, and OCN was evaluated by RT-PCR. The micrographs
showed that the polymeric nanofiber coated the titaium (Ti) dental implant surfaces with a randomized
deposition anchored between the depth of the threads, and well-interconnected pores were observed.
Cell adhesion increased significantly (P<.05) more on the surfaces of Ti dental implants coated with
the polymeric nanofiber mesh than on those not coated. After 21 days, the cell adhesion decreased
significatively on the uncoated surfaces (P<.05). Col 1 and ALP genes showed a higher level of expression
on dental implant surfaces coated with polymeric nanofibers mesh than on uncoated surfaces. Coating
Ti dental implant surfaces with polymeric nanofiber mesh is a straightforward deposition technique for
stimulating the cell response and improving the gene expression of osteogenic markers.

©00e)

"R Odovtos -Int J Dent Sc endoses to CC-BY-NC-SA 4.0. qpoyros-int, J. Dent. Sc. | No. 26-3: 186-196, 2024 | ISSN: 2215-3411. 186




Varzquez-Vazquez et al Gellular Response of Surface Functionalized Polymeric Fiber Mesh Coating Onto Dental Titanium Implants

KEYWORDS: Nanofibers; Osteoblasts; Cell response; Titanium dental implant; Surface; Poly (lactic acid).

RESUMEN: El objetivo de este estudio in vitro fue realizar un recubrimiento con nanofibras poliméricas
para superficies de implantes de titanio y evaluar el comportamiento de la respuesta celular. Se
recubrieron dos tipos de implantes dentales TiUltraTM y TiUniteTM (Nobel Biocare) con nanofibras de
acido polilactico (PLA) fabricadas con la técnica de hilado por propulsion de aire (AJS). Se caracterizo
la morfologia de las nanofibras poliméricas por Microscopia Electronica de Barrido (MEB) y se evalud la
biocompatibilidad en términos de adhesion celular utilizando osteoblastos fetales humanos (hFOB). La
localizacion celular se observo con el microscopio fluorescente y la expresion génica de Col 1, ALP y
OCN se evalu6 con RT-PCR. Las micrografias mostraron que las nanofibras poliméricas recubrieron las
superficies de los implantes dentales de titanio (Ti) con una deposicion aleatoria lo que generd poros
interconectados fibrilares. La adhesion celular aumento significativamente (P<.05) en las superficies de
los implantes dentales de Ti recubiertas con las nanofibras poliméricas comparado con las no recubiertas.
Después de 21 dias, la adhesion celular disminuyo significativamente en las superficies no recubiertas
(P<.05). Los genes Col 1y ALP mostraron un mayor nivel de expresion en las superficies de los implantes
dentales recubiertas con nanofibras poliméricas comparado con las no recubiertas. El recubrimiento de
superficies de implantes dentales de Ti con nanofibras poliméricas es una técnica de deposicion sencilla
para estimular la respuesta celular y mejorar la expresion génica de marcadores 0steogénicos.

PALABRAS ICLAVES: Nanofibras; Osteoblastos; Respuesta celular; Implantes dentales de titanio;
Superficie; Acido polilactico.

INTRODUCTION

Nanoscale treatments applied to the surface
of titanium (Ti) dental implants have been shown
to significantly improve osseointegration at the
biological interface, leading to enhanced protein
adsorption (1). This interface plays a critical role in
connecting the implant surface with the surroun-
ding bone tissue (2). Studies have been conducted
toenhance direct bone apposition to dentalimplants
by modifying the surface reactivity through techni-
ques such as surface coatings, patterning, nanos-
cale molecular grafting, and bioactive functionali-
zation (3). The results of these surface treatments
suggest a positive impact on the quality of the
osseointegration process. However, other factors
also contribute to the overall success, including
the geometric design of the implant, the type of
biomaterial used, the initial quality of the bone,
postsurgery care, and oral hygiene (4, 5).

Different physical and chemical surface modifi-
cation techniques such as matching, grit blasting, acid
etching, sandblasting plus acid etching, anodizing,
and plasma spraying have been proposed to enhance
osseointegration. These methods induce changes
in morphology, crystallinity, surface texture, oxide
layers, roughness, and hydrophilicity (6).

The manipulation of surface topographi-
cal parameters through these treatments plays a
significant role in influencing the behavior of bone
cells, thereby promoting improved peri-implant
bone regeneration (7, 8). One crucial factor to
consider is the porosity profile of the Ti dental
implant surface, which can be modified to create
a microscaled topography, thereby establishing
an ideal cellular micro-environment that stimula-
tes a biologically favorable response. Moreover,
the microscaled topography improves the contact
between the dental implant and the surroun-
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ding bone, enhances the adsorption of proteins,
promotes the adhesion of bone cells, and improves
osseointegration (9).

With their interconnected nanoporous struc-
ture, the deposition range of nanoscaled polymeric
nanofibers offers a significant advantage in terms
of providing a high surface area. Furthermore, these
nanofibrillar structures closely resemble the fibrous
architecture of the extracellular matrix (ECM),
which plays a crucial role in cell responses such as
adhesion, growth, survival, and differentiation (1).
Polymeric nanofibers have found extensive appli-
cations in fields that include wound healing, tissue
engineering, and drug delivery (refence). Among
the biodegradable biopolymers used in these appli-
cations, poly (lactic acid) (PLA) stands out as one
of the most widely utilized materials in clinical
medical supplies and tissue engineering (10, 11).

Nanostructured biological coatings have
been developed for Ti dental implant surfaces
to mimic the extracellular matrix (ECM) micro-
environment and enhance osseointegration (12).
However, the effect of a polymeric nanofiber mesh
coating on the Ti dental implant surface remains
unknown. This study aimed to develop a polymeric
nanofiber mesh coating on the anodized surface of
Ti dental implants and assess its impact on bone
cellular response. The null hypothesis was that
coating the anodized surface of Ti dental implants
with a polylactic acid (PLA) nanofiber would not
affect the cellular response.

MATERIALS AND METHODS

Polymeric coating: Two types of dental
implant surfaces (n=20 for each group) Nobel
Active TiUltraTM RP (4.3 x 10 mm, lot 13110961;
Nobel Biocare) and Nobel Active TiUniteTM RP
(04.3 x 13 mm, lot 12175378; Nobel Biocare)
were selected for this study.

The PLA nanofibrillar coating process invol-
ved the application of fiber mesh (90.430 +0.205
um) using air-jet spinning (AJS). A 7% (w/v) polymer
solution was prepared using PLA pellets (C3H603;
MW 192,000, Nature Works D2002), following the
procedure reported in a previous study (13). The
parameter settings were 30 psi pressure and a
distance of 10 cm from the nozzle to the surface
of the Ti dental implants. This configuration was
maintained for the 3-minute synthesis, ensuring
complete coating of the implant surface. The entire
process was carried out at 21-°C room tempera-
ture. Subsequently, the coated Ti dental implants
were sterilized by UV exposure overnight. The distri-
bution and morphology of the polymeric nanofibers
were examined using a scanning electron micros-
copy (SEM) analysis (JSM-6510, JEOL).

In vitro cellular response: Human fetal
osteoblast cells (hFOB, 1.19 ATCC CRL-11372)
were used to evaluate the biological response of the
dental implants coated with PLA nanofibers. hFOB
cells were cultured in 75 cm? cell culture flasks
containing a 1:1 mixture of Ham’s F12 medium and
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Dulbecco’s Modified Eagle Medium (DMEM, Sigma-
Aldrich), supplemented with 10% fetal bovine
serum (FBS, Biosciences) and 2.5 mM L-gluta-
mine and antibiotic solution (streptomycin 100g/
mL and penicillin 100 U/mL, Sigma-Aldrich). The
cell cultures were incubated in a 100% humidified
environment at 37°C in 95% air and 5% C02. hFOB
cells on passages 2-6 were used for all the experi-
mental procedures (13).

To evaluate the hFOB cell adhesion to the
coated dental implants, cells were seeded at 1x104
cells/mL and allowed to adhere to standard cell
culture for 4 and 24 hours. After 3, 7, 14, and 21
days, the Ti dental implant surfaces were rinsed 3
times with phosphate saline buffer (PBS) to remove
nonadherent cells. Cells adherent to the polymeric
nanofibers were fixed with 4% paraformaldehyde
and incubated with 0.1% Crystal Violet solution
for 15 minutes. Then, the dye was extracted
with 0.1% sodium dodecyl sulfate, and optical
absorption was quantified by spectrophotometry
at 545 nm with a plate reader ChroMate (Aware-
ness Technology).

Cellular localization was evaluated after 72
hours of culture. Prior to culture, the cells were
incubated in CellTracker™ Green 5-chloromethyl-
fluorescein diacetate in phenol red-free medium at
37°C for 30 minutes, and DAPI (4',6-diamidino-
2-fenilindol) solution staining was used to deter-

mine the number of nuclei and to assess gross
cell morphology. After this period, the cells were
washed with PBS and incubated for 1 hour in
complete medium to finally be cultured (1 x 104
cells/mL) onto the polymeric nanofibers that coated
the Ti dental implant surfaces. The Ti dental implant
surfaces were evaluated by fluorescent microscope
(CLSM; Leica). All the experiments were conducted
in triplicate and repeated at least 3 times.

Gene expression: The specific amplification
of genes involved in the cell cycle, namely type 1
collagen (Col 1), alkaline phosphatase (ALP), and
osteocalcin (OCN), was performed separately by
using primers and specific alignment conditions
for each as indicated in Table 1. The glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) gene
served as the housekeeping gene. After 21 days of
cell culture, total RNA was extracted following the
manufacturer's instructions (TRIZOL, Gibco). The
RNA was quantified using optical densitometry at
260 nm. The Forget-Me-Not™ EvaGreen® qPCR
Master Mixes kit (Biotium) was used for the gPCR
process. Each cDNA template was subjected to
PCR using the MyGo PCR kit systems (Ecogen),
and the amplified gene products were analyzed
using the MyGo Pro software v3.5.21 (Ecogen).
Numerical data were analyzed using the Student
t-test to determine differences among the groups
(a=.05). GraphPad Prism 8 was used for the
statistical analysis.

Table 1. Primers and conditions are used to evaluate gene expression.

Gene symbol Primer sequence (5°-3") Size of PCR Annealing
product (bp) Temperature (°C)

Col 1 Fw:GCTGAATCCTTCCGTGTT 178 54
Rw:AGGGAGGGGACTTATCTG

ALP Fw:TGGAGCTTCAGAAGCTCAACACCA 454 51
Rw:ATCTCGTTGTCTGAGTACCAGTCC

OCN Fw:GTCCTATGGCGGGGAGGACTGG 370 60
Rw:TGGCAGCTGCAAGCTCTCTGTA

GAPDH Fw:CCATCAATGACCCCTTCATTGACC 435 62.1

Rv:TGGTCATGAGTCCTTCCACGAT

Col 1: type 1 collagen. ALP: alkaline phosphatase. OCN: osteocalcine. GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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RESULTS

Polymeric nanofiber morphology: Figure 1
and Figure 2 shows the SEM micrographs of the
surface of the Ti dental implants. Similar patterns
were observed in the distribution of polymeric
nanofibers on the evaluated Ti dental implants.
The macroscopic scale reveals the surface of
the TiUniteTM dental implant (Figure 1.A) and
the TiUltraTM dental implant (Figure 2.A) without
polymeric nanofiber deposition. Figure 1.B shows
the morphology and random distribution of the
polymeric nanofiber mesh that anchored between
the threads of the TiUniteTM dental implant. At
higher magnification, shows the resulting porosi-
ties from the randomly arranged deposition of
polymeric nanofibers. Regarding the TiUltraTM
dental implant, Figure 2.B shows a homogeneous
coating of polymeric nanofibers on the surface and
highlights the porous structure formed between
the threads due to the irregular distribution of
nonwoven mesh.

Cell adhesion: The proliferation behavior of
hFOB is shown in Figure 3. The adhesion of cells
was found to be significantly higher on the surfa-
ces of the Ti dental implants coated with polyme-
ric nanofibers compared with the surfaces without
nanofibers at 3, 7, 14, and 21 days (P<.05).
However, no significant difference in cell adhesion
was observed between the surfaces of TiUniteTM

and TiUltraTM Ti dental implants during the fourth
incubation period evaluated. Following 3, 7, and 14
days of cell culture, cell adhesion was maintained
on surfaces with and without polymeric nanofibers.
However, after 21 days, a significant decrease in
cell adhesion was noted on the surfaces of Ti
dental implants without coating as compared with
surfaces coated with polymeric nanofibers.

Gene expression: In both Ti dental implant
surfaces, the ostegenic markers, ALP, Col 1,
and OCN were expressed significantly diffe-
rently (P<.05) compared with the surfaces of
the TiUltraTM dental implants with and without
polymeric nanofibers; in contrast, the TiUniteTM
dental implant surface did not show statistically
significant differences (P>.05) between a coated
and uncoated surface in the relative expression of
ALP and OCN, only for Col 1 (P<.05) (Figure 4).

Cell distribution: The images obtained with
fluorescent microscope after 72 hours of cell
culture showed that hFOB adhered to and grew
on the surfaces of TiUniteTM (Figure 5.A, Figure
5.B) and TiUltraTM (Figure 5.C, Figure 5.D) dental
implant surfaces coated with polymeric nanofi-
bers. The cells appeared to attach to the surface
and to cover all of the surface of the implant and
showed a cell affinity with isolated cells or with
cells in small dispersed groups over the Ti dental
implant surfaces.
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Figure 1. SEM micrographs of the surface of the TiUniteTM in 3 areas of the implant with different magnifications that served as a control
to compare this surface with that of the implants coated with nanofibers at different magnifications (A). Similar patterns were observed in
the distribution of polymeric nanofibers on the evaluated TiUniteTM dental implants and shows a homogeneous coating of polymeric nanofi-
bers on the surface and highlights the porous structure formed between the threads due to the irregular distribution of nonwoven mesh (B).

Tilltra™ TiUltra™ Polymeric Nanofiber

5000X

Figure 2. SEM micrographs of the surface of the TiUltraTM in 3 areas of the implant and with different magnifications with and without
nanofibers. The macroscopic scale reveals the surface of the TiUltraTM dental implant (A) and the TiUltraTM (B) dental implant coated
with nanofibers with polymeric nanofiber deposition. Morphology and random distribution of the polymeric nanofiber mesh that anchored
between the threads of the TiUltraTM dental implant. At higher magnification, it shows the resulting porosities from the randomly arranged
deposition of polymeric nanofibers (B).
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TiUltra™

iEEE
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Figure 3. Cell adhesion of hFOB at 3, 7, 14 and 21 days of cell culture time onto the Ti dental implants surfaces coated by polymeric
nanofibers mesh. Statistical significance is indicated by an asterisk (*) (P<.05).
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Figure 4. Mean =standard deviation of relative expression of genes involved in the osteogenic differentiation onto the Ti dental implants
surfaces coated by polymeric nanofibers mesh implant.
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Figure 5. Fluorescent micrographs of the cell morphology onto TiUniteTM dental implant surface coated by polymeric nanofibers mesh and
cell distribution with DAPI (A,C,E) and CellTracker™ (B,D,F) after 72 hours of cell culture. Fluorescent micrographs of the cell morphology
onto TiUltraTM dental implant surface coated by polymeric nanofibers and with DAPI (G,I,K) and CellTracker™ (H,J,L) after 72 hours of
cell culture.
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DISCUSSION

Polymeric nanofibers have been evaluated
individually as scaffolds for tissue regeneration
and have been shown to improve the behavior of
seeded cells because of their 3-dimensional confi-
guration. However, they have not been investigated
as a coating procedure for dental implant surfaces
to stimulate cellular response and extrapolated to
possible clinical use (14). This study has strong
clinical relevance for implant dentistry because it
demonstrated that coating the surfaces of TiUni-
teTM and TiUltraTM dental implants with polyme-
ric nanofiber mesh provided a porous structure
that increased hFOB cell response and favored
higher cell proliferation. Therefore, this nanofibrillar
polymeric mesh acts as a tridimensional scaffold
surface pattern, improving the structural properties
of the Ti dental implant surface to mimic the extra-
cellular matrix (ECM) (15). The results of this in vitro
study highlight the significance of surface topogra-
phy of Ti dental implants in promoting cell response
compared with uncoated Ti dental implant surfa-
ces. Therefore, the deposition procedure of
polymeric nanofibers mesh improves the hFOB
behavior throughout the environment surrounding
the surface scaffolds.

The surface modification procedure evalua-
ted in this /n vitro study was to cover the Ti implant
surface to try to improve cell adhesion during the
primary osseointegration of dentalimplants, avoiding
the use of chemical cross linkers or subproducts
with possible cytotoxicity and without compromi-
sing biocompatibility. Our study demonstrated that
modifying the surface of dental Ti implants with
polymeric nanofiber structure scaffolds produced
with a straightforward physical method influenced
the cellular response. PLA is a popular synthetic
polymer that has been approved by the United
States Food and Drug Administration for use in
human medical devices because of its biocompa-
tibility, biodegradability, and lack of toxicity (16).

One of the reasons for evaluating the surfa-
ces of TiUltraTM dental implants was their anodized
surface, which has been demonstrated to have low
marginal loss and a healthy soft tissue response
with the All-on-4® treatment concept (17).
Similarly, the TiUniteTM implant has an oxidized
and moderately rough surface (18). This implant
has been used for different clinical situations with
favorable peri-implant tissue health, soft tissue
integration, and a healthy marginal bone response
(19). However, it appears that surface modification
alone does not solely favor cell response. In this
study, the anodized surfaces of Ti dental implants
were covered with porous polymeric nanofibrous
mesh structures, and the results demonstrated
increased cell adhesion, and promoted and guided
cell growth compared with surfaces without the
polymeric nanofiber coating.

Several coating materials with thicknes-
ses ranging from 20 nm to 100 pm have been
proposed to enhance the osteointegration of
dental implants (1). The choice of film thickness
depends on the coating technique used, as well as
the specific biomaterial, such as hydroxyapatite,
titanium, diamond-like carbon, or metals. Further-
more, the application of coating biomolecules
such as growth factors, as well as the combination
of organic and/or inorganic materials have been
explored (20).

In this study, the Ti dental implant surface
was enhanced by applying a scaffold structure of
PLA nanofibers to improve the rough-textured surfa-
ces to stimulate cell attachment. This approach was
chosen based on previous findings that demonstra-
ted the ability of polymeric nanofibers to create a
microretentive surface which enhanced the biolo-
gical response of cells (12). The use of nanofi-
brous scaffolds created with the electrospinning
technique offers biocompatibility and has signi-
ficant potential for bone regeneration (21, 22).
To evaluate the biocompatibility of the polymeric
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nanofiber mesh, hFOB cells were cultured and
treated with Crystal Violet solution.

The results obtained from the analysis of
the media values indicated an increase in cell
adhesion to the anodized surface of the Ti dental
implant when coated with the polymeric nanofiber
mesh during the fourth period of cell culture. This
outcome suggests that the hFOB cells experien-
ced more favorable biological conditions on the
surface of the polymeric nanofiber scaffold. One
possible explanation for this finding is that the
coated Ti dental implant provides improved struc-
tural porosity and architectural guidance for cell
attachment and local function (3).

However, this in vitro study also showed the
gene expression of osteogenic markers during the
osteogenic differentiation of stem cells on polyme-
ric nanofiber mesh. The genes evaluated were ALP
and OCN markers for bone formation and Col 1,
which is the major ECM protein serving for matrix
mineralization at a late stage during bone develo-
pment (23, 24). ALP was overexpressed on the
surface coated with the nanofiber mesh of the
TiUltraTM dental implant a was Col 1 on the TiUni-
teTM dental implant. These markers for osteoblast
phenotype are indicative of a new extracellular
matrix by proliferating cells promoting the implant-
tissue osseointegration (25).

Limitations of this in vitro study include the
limited sample size and the short period of time of
the evaluation. Future studies will be necessary to

evaluate the cellular response over a longer period,
to incorporate biological molecules and antibio-
tics into the polymeric nanofibers, and to design
a preclinical animal model in order to develop a
predictable clinical therapy.

CONCLUSION

This study offers a new strategy for modifying
Ti dental implant surfaces by using a polymeric
nanofiber mesh that works as a scaffold on the
surface to promote the cell response of hFBO.
It may serve as a good candidate for improving
bonding with the surrounding bone.

AUTHOR CONTRIBUTIONS

Conceived de study and review the pertinent raw
data on which the results and conclusions of this
study are based and approved the final version of
this paper: F. C. V. V.

Participated in generating the data for the study and
approved the final version of this paper: J. A. A.
Participated in writing the paper, interpreting the
data and approved the final version of this paper:
D. Ch. B.

Participated interpreting all data and approved the
final version of this paper: A. P. G.

Participated interpreting all data and approved the
final version of this paper: M. A. A. P. Drafted and
critically revised the manuscript. M. 0. M.

All authors gave final approval and agreed to be
accountable for all aspects of the work.

ODOVTOS-Int. J. Dent. Sc. | No. 26-3: 186-196, 2024 | ISSN: 2215-3411. 194



Vazquez-Vazquer et al: Cellular Response of Surface Functionalized Polymeric Fiber Mesh Coating Onto Dental Titanium Implants

CONFLICTS OF INTEREST

The authors declare no potential conflicts
of interest with respect to the authorship and/or
publication of this article.

FUNDING STATEMENT

The present work was funded by the Univer-
sidad Nacional Autonoma de Mexico grant number
UNAM-DGAPA-PAPIIT-IA208324.

ACKNOWLEDGMENTS

The authors thank Nobel Biocare for providing
the dental implants. We thank Tech Reynaldo Pereira,
for this technical support during SEM analysis.

REFERENCES

1. Lavenus S., Louarn G., Layrolle P. Nanote-
chnology and dental implants. Int J Biomater.
2010; 2010: 915327.

2. Smeets R., Stadlinger B., Schwarz F., Beck-
Broichsitter B., Jung O., Precht C., Kloss
F., Grobe A., Heiland M., Ebker T. Impact
of dental implant surface modifications on
osseointegration. Biomed Res Int. 2016;
2016: 6285620.

3. Xiao-Di Sun, Ting-Ting Liu, Qiang-Qiang
Wang, Jian Zhang, and Mao-Sheng Cao ACS
Biomaterials Science & Engineering 2023 9
(8), 4442-4461.

4. Raikar S., Talukdar P., Kumari S., Panda
S.K., Oommen V.M., Prasad A. Factors
affecting the survival rate of dental implants:
Aretrospective study. J Int Soc Prev Commu-
nity Dent. 2017; 7 (6): 351-355.

5. Javed F., Ahmed H.B., Crespi R., Romanos
G.E. Role of primary stability for successful
osseointegration of dental implants: Factors
of influence and evaluation. Interv Med Appl
Sci. 2013; 5 (4): 162-167.

6. Raphel J., Karlsson J., Galli S., Wennerberg

10.

I1.

12.

13.

14.

A., Lindsay C., Haugh M.G., et al. Enginee-
red protein coatings to improve the osseoin-
tegration of dental and orthopaedic implants.
Biomaterials. 2016; 83: 269-282.

Kang B.S., Sul Y.T., Oh S.J., Lee H.J., Albre-
ktsson T. XPS, AES and SEM analysis of
recent dental implants. Acta Biomater. 2009;
5(6): 2222-2229.

Milleret V., Lienemann P.S., Gasser A., Bauer
S., Ehrbar M., Wennerberg A. Rational design
and in vitro characterization of novel dental
implant and abutment surfaces for balancing
clinical and biological needs. Clin Implant
Dent Relat Res. 2019; 21 Suppl 1: 15-24.
Brett P.M., Harle J., Salih V., Mihoc R., Olsen
L., Jones F.H., et al. Roughness response genes
in osteoblasts. Bone. 2004; 35 (1): 124-133.
Zeng J., Xu X., Chen X., Liang Q., Bian X.,
Yang L., et al. Biodegradable electrospun
fibers for drug delivery. J Control Release.
2003; 92 (3): 227-231

Taepaiboon P., Rungsardthong U., Supaphol
P. Drug-loaded electrospun mats of poly
(vinyl alcohol) fibres and their release charac-
teristics of four model drugs. Nanotechno-
logy. 2006; 17 (9): 2317-2329.

Veronesi F., Giavaresi G., Fini M., Longo
G., Ioannidu C.A., Scotto d'Abusco A., et
al. Osseointegration is improved by coating
titanium implants with a nanostructured
thin film with titanium carbide and titanium
oxides clustered around graphitic carbon.
Mater Sci Eng C Mater Biol Appl. 2017; 70:
264-271.

Vazquez-Vazquez F.C., Chavarria-Bolafos
D., Ortiz-Magdaleno M., Guarino V.,
Alvarez-Perez M.A. 3D-Printed tubular
scaffolds decorated with air-jet-spun fibers
for bone tissue applications. Bioengineering
(Basel). 2022; 9 (5): 189.

Nhlapo N., Dzogbewu T.C., de Smidt O.
Nanofiber polymers for coating titanium-
based biomedical implants. Fibers. 2022; 10
(4): 36.

ODOVTOS-Int. J. Dent. Sc. | No. 26-3: 186-196, 2024 | ISSN: 22156-3411. 195



ODOVTOS-International Journal of Dental Sciences

15.

16.

17.

18.

19.

20.

Dahlin R.L., Kasper FK., Mikos A.G.
Polymeric nanofibers in tissue engineering.
Tissue Eng Part B Rev. 2011; 17 (5): 349-364.
Song R., Murphy M., Li C., Ting K., Soo C.,
Zheng Z. Current development of biodegra-
dable polymeric materials for biomedical
applications. Drug Des Dev Ther. 2018; 12:
3117-3145.

Ferro A., De Aratjo Nobre M. All-on-4 concept
using TiUltra surface implants and Multi-unit
Xeal abutments: Pilot study report. Clin Oral
Implant Research. 2021; 32 (S22): 59.

Malo P., de Araujo Nobre M., Gongalves Y.,
Lopes A., Fierro A. Immediate function of
anodically oxidized surface dental mplants
(TiUnite™) for fixed prosthetic rehabilitation:
Retrospective study with 10 years of follow-
Up. Biomed Res Int. 2016; 2016: 2061237.
Fabbri G., Ban G. Clinical study with gradua-
lly anodized implants restored with two-piece
anodized abutments-1-year results. Clin Oral
Implants Res. 2020; 31 (520): 285-285.

Van den Borre C.E., Zigterman B.G.R.,
Mommaerts M.Y., Braem A. How surface
coatings on titanium implants affect kerati-
nized tissue: A systematic review. J Biomed
Mater Res B Appl Biomater. 2022; 110 (7):
1713-1723.

21.

22.

23.

24.

25.

Ye K., Liu D., Kuang H., Cai J., Chen W., Sun
B. Three-dimensional electrospun nanofi-
brous scaffolds displaying bone morpho-
genetic protein-2-derived peptides for the
promotion of osteogenic differentiation of
stem cells and bone regeneration. J Colloid
Interface Sci. 2019; 534: 625-636.

Li W.J., Laurencin C.T., Caterson E.J., Tuan
R.S., Ko F.K. Electrospun nanofibrous struc-
ture: a novel scaffold for tissue engineering. J
Biomed Mater Res. 2002; 60 (4): 613-621.
Wang D., Christensen K., Chawla K., Xiao
G.Z., Krebsbach P.H., Franceschi R.T. Isola-
tion and characterization of MC3T3-El
preosteoblast subclones with distinct in vitro
and in vivo differentiation mineralization
potential. ] Bone Miner Res. 1999; 14 (6):
893-903.

Chen V.J., Smith L.A., Ma P.X. Bone regene-
ration on computer-designed nanofibrous
scaffolds. Biomaterials. 2006; 27 (21):
3973-3979.

Datta P., Ghosh P., Ghosh K., Maity P., Samanta
S.K., Ghosh S.K., et al. In vitro ALP and osteo-
calcin gene expression analysis and in vivo
biocompatibility of N-methylene phosphonic
chitosan nanofibers for bone regeneration. J
Biomed Nanotechnol. 2013; 9 (5): 870-879.

ODOVTOS-Int. J. Dent. Sc. | No. 26-3: 186-196, 2024 | ISSN: 2215-3411. 196



