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Abstract: Replacement of missing teeth is possible using biocompatible devices such as endosseous
implants. This study aims to analyze and recognize the best characteristics of different implant
surfaces that ensure good peri-implant tissue healing and thus clinical success over time. The present
review was performed on the recent literature concerning endosseous implants made of titanium,
a material most frequently used because of its mechanical, physical, and chemical characteristics.
Thanks to its low bioactivity, titanium exhibits slow osseointegration. Implant surfaces are treated so
that cells do not reject the surface as a foreign material and accept it as fully biocompatible. Analysis
of different types of implant surface coatings was performed in order to identify ideal surfaces that
improve osseointegration, epithelial attachment to the implant site, and overall peri-implant health.
This study shows that the implant surface, with different adhesion, proliferation, and spreading
capabilities of osteoblastic and epithelial cells, influences the cells involved in anchorage. Implant
surfaces must have antibacterial capabilities to prevent peri-implant disease. Research still needs to
improve implant material to minimize clinical failure.

Keywords: osseointegration; surface; coating; dental implant; titanium; treatment surface; peri-implant
health; implant stability; bacterial adhesion; marginal bone level

1. Introduction

Natural tooth loss has serious emotional, psychological, and social effects in addition
to physical and functional effects on an individual [1]. Implantoloy is one of the most
secure and effective surgical procedures [2]. The most common dental implant materials
are titanium, zirconium, and polyetheretherketone (PEEK) [3,4].

Zirconium implants have good aesthetic qualities but a moderate rate of fracture,
which leads to implant failure [5]. PEEK implants have demonstrated high fallibility rates;
hence, long-term multicentric studies are required to confirm the reliability [6].

Titanium is the material that best complies with the requirements of dental implantol-
ogy, including osseointegration, biocompatibility, mechanical resistance, and anti-bacterial
properties [7,8]. The term “osseointegration” was first used by Albrektsson (1981) to refer
to the functional and structural connection between a vulnerable structure’s surface and
its critical organs [9]. Accordingly, a number of critical factors for proper bone resorption
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have been identified: biocompatibility, implant design, implant surface characteristics,
condition of the recipient bone site, surgical technique, operator’s skill, and implant storage
conditions [9].

The characteristics of the implants’ surface and the quality of the recipient site bone
determine the interface between the two: the bone–implant interface [10]. For instance,
an implant positioned in a lamellar bone has 90% contact, whereas one positioned in a
midollar bone has 50% contact [11,12].

Morphologically, dental and implant periodontal tissues have many common features,
as both are marked by a well-keratinized oral epithelium and a portion of connective tissue
in direct contact with the implant and tooth [13]. More collagen and fewer fibroblasts are
found in the implantable connective tissue [13,14].

The physicochemical properties of the implant outermost layer and its interaction
with the surrounding essential tissues play a role in determining whether osseointegration
succeeds or fails [15].

A fundamental prerequisite for the long-term success of the implant is biological
anchorage between the surface of the dental implant and the bone tissue [16,17]. Bone
response is closely related to the implant surface [17].

Hydrophilic and hydrophobic implant surfaces can be distinguished [11,18]. Hy-
drophilic surfaces, compared with hydrophobic structures, favor interactions with biologi-
cal fluids and cells allowing a good surface wettability [18,19]. Implant surfaces with the
same chemical composition actually offer a different contact angle for biological fluids
depending on the topography of the surface: rough surfaces, such as sandblasted and
etched surfaces, are more likely to be wettable than surfaces considered to be smooth [18,20]
(Figure 1).
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Figure 1. Fibrin implant wettability. The hydrophobe surface shows poor wettability, unlike the
hydrophile one with good wettability. The red arrow indicates the magnitude of liquid permeability
on the surface of the implant.

The hydrophilicity of the implant surface results in abrupt contact of the implant
with the clot, favouring the osseointegration process [21,22]. Some surfaces have such hy-
drophilicity that mere contact of the first coils with blood results in suction along the entire
implant surface [21,21] (Figure 2). Roughened surfaces increase blood clot retention [23].
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Figure 2. Good implant wettability: As soon as the implant is inserted into the bone, there is
immediate blood–fixture contact. Blood is attracted to the implant surface.

The implant surface treated with rumination exhibits a double retraction of fibrin
filaments and a double blood clotting compared with the smooth surface [24] (Figure 3).
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Figure 3. Fibrin adhesion to the implant surface.

During the wound healing phase, the following takes place:

• Fibrin formation that protects the wound and, together with platelets, plugs the wound
and releases the repair factors;

• Fibrinolysis: reabsorption of the clot;
• Osteoclastic activity: migration of cells from the blood;
• Migration of mesenchymal cells, precursors of bone cells [25–27].

Implant stability is necessary for effective osseointegration and healing [3,13,24,28].
The features of the bone, the implant’s design, and the procedure used to place it all affect
primary stability [29]. Bone remodeling and bone production around the implant lead to
secondary stability [30]. Growing research demonstrates that implant surface features also
affect secondary stability [31,32].

Bone apposition on the implant surface begins first in trabecular bone, then in compact
bone [24,33]. Peri-implant bone metabolism is at its peak 1–4 months after surgery [34,35].

The clinical success of the implant, in addition to osseointegration, depends on the
health of the bone–implant–soft tissue interface [16] (Figure 4).
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Implant failure may result from titanium’s reduced ability to induce osseointegration,
which causes poor or delayed osseointegration [36,37]. Furthermore, early titanium im-
plants had a mechanically polished surface that was smooth, and research in recent years
revealed that this surface is less stable over time than those with a rough surface [36,38]. In
order to achieve a larger contact surface, treatment of the implant surface was performed
in order to increase the osseointegration between the bone and the implant [36].

This review aimed to analyze different surfaces and, therefore, identify the ideal
implant structure from a clinical and durability point of view, with the least post-surgical
complications and the least discomfort to the body [17,39,40]. Research is extensive and
challenging because of ongoing scientific discoveries and innovations [41].

In fact, an appropriate modification of titanium surface, which increases the percentage
of BIC (bone implant contact), is still being studied to favor osseointegration, which has
antibacterial properties to prevent peri-implant diseases and resists the stresses it will
undergo with functionalization, such as chewing, thus guaranteeing healthy peri-implant
tissue over time [30,39,42].

2. Materials and Methods
2.1. Search Processing

The present review was performed in accordance with the principles of PRISMA.
PubMed, Scopus, and Web of Science were searched to find papers that matched our
topic dating from 1 January 2019 up to 31 March 2023, with English-language restriction.
The search strategy was built using a combination of words that matched the purpose
of the investigation, whose primary focus is the difference of implant surface coatings
on osseointegration; hence, the following Boolean keywords were used: different dental
implant surface AND osseointegration (Table 1).

Table 1. Database search indicators.

Articles’ Screening Strategy

KEYWORDS: A: different dental implant surface; B: osseointegration.

Boolean Indicators: A AND B.

Timespan: 2019–2023.

Electronic databases: Pubmed; Scopus; WOS.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) human in vivo study; (2) English language;
(3) open access studies; (4) clinical studies; (5) studies examining the variety of surfaces of
titanium dental implants: implant surface treatments and coatings; and (6) in vitro studies
concerning the analysis of implant surface coatings of great interest to our research.



J. Funct. Biomater. 2023, 14, 287 5 of 18

The exclusion criteria were as follows: (1) animal; (2) other languages different from
English; (3) not open access studies; (4) case report/series, reviews, editorials, book chapters;
(5) research about zirconium and peek dental implant; and (6) in vitro studies far from the
focus of our research.

The review was conducted using the PICO criteria:

• Population: Titanium endosseous implants;
• Intervention: Implant surface treatment;
• Comparisons: Different implant surfaces;
• Outcomes: Interaction with biological tissues;

2.3. Data Processing

Author disagreements on the choice of articles were discussed and settled.

3. Results

A total of 1262 publications were identified from the following databases, Pubmed
(482), Scopus (344), and Web of Science (436), which led to 732 articles after removing
duplicates (530). A total of 290 articles accessed the screening phase, while 442 items were
removed because 3 were not found, 131 were in animal, 1 was a chapter in a book, 75 were
not in vivo and far from the focus of this review, 66 were reviews and meta-analyses, and
166 were off topic. From these papers, 279 were additionally removed because of lack of
interest and eligibility was assigned to 11 records that were finally included in the review
for qualitative analysis, of which 5 were in vitro (Figure 5). The results of each study are
reported in Tables 2 and 3.

Table 2. Characteristics of the in vivo studies included in the qualitative analysis.

Authors (Year) Type of the Study Aim of the Study Materials Results

Bielemann et al. (2022) [43] Randomized
controlled trial

Evaluate the clinical
and radiological
peri-implant
parameters
between
hydrophilic and
hydrophobic
dental implants

For 2 types of surfaces,
hydrophobic and
hydrophilic, different
peri-implant health indices
were evaluated: (i) early
healing index (EHI), visible
plaque index (VPI), presence
of tartar (CP), peri-implant
inflammation (PI), probing
depth (PD), and bleeding on
probing (BOP); implant
stability quotient (ISQ),
crestal bone loss (CBL), and
bone level change (BLC); and
implant success and
survival rates.

There were no
differences in
peri-implant
healing, stability,
and bone
remodeling
after 1 year.

Gursaytrak et al. (2020) [44] Randomized
controlled trial

Evaluate the
stability of implants
with different
surfaces
(alkali-modified or
sandblasted) using
resonance
frequency
analysis (RFA).

Immediately after
implantation as well as at 2,
6, and 12 weeks, RFA was
utilized to assess the stability
quotient of implants with
alkali-modified (bioactive)
and sandblasted surfaces.

After placement,
implants with
alkali-modified
surfaces were more
stable than
implants with
sandblasted
surfaces after, but
the two types had
similar clinical
results at 12 weeks
after surgery.
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Table 2. Cont.

Authors (Year) Type of the Study Aim of the Study Materials Results

Hasegawa et al. (2020) [45] Randomized
controlled trial

Optimize the
implant surface’s
biological potential
for improved os-
seointegration.

The titanium surface was
etched with sulfuric acid at
different temperatures (120,
130, 140, and 150 ◦C).

The maximum
capacity for osseous
integration was
reached when the
surface of the
implant was
acidified at 140 ◦C,
significantly
increasing the
capacity for
osteoconductive
and osteointegra-
tive growth.

Ko et al. (2019) [46] Randomized
controlled trial

Comparing the
peri-implant
marginal bone level
around CaP-coated
and uncoated
sandblasted,
large-grit,
acid-etched (SLA)
surface
implants 1 year
after implantation.

Clinical and radiographic
examinations were
performed to assess initial
stability and changes in
marginal bone level after
3 months and after
12 months.

All of the implants
were successful.

Kormoczi et al. (2021) [47] Randomized
controlled trial

Comparison of
early loaded
implants with
different modified
surface stability.

Implant success, implant
stability, and periodontal
parameters were evaluated
after the placement of
implants with SA (alumina
blasting and acid etching),
NH (bioabsorbable apatite
nanocoating), or SLA
(coarse-grain blasting and
acid etching) surfaces.

No significant
differences were
found in the two
groups and good
periodontal
parameters
were found.

Velloso et al. (2019) [11] Randomized
controlled trial

Evaluating the
effects of implant
devices with the
same brand, design,
length, and
diameter but with
two different
surface treatments:
sandblasting and
etching with acid
(SAE) and SAE
modified chemi-
cally (hydrophilic).

20 distinct patients received
20 implants with the same
shape, size, and diameter but
with two different surface
treatments (10 SAE and
10 modified SAE). After
six weeks, implant stability
values were assessed.

Implants with a
modified SAE
surface showed
superior and faster
implant stability.
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Table 3. Characteristics of the in vitro studies included in the qualitative analysis.

Authors (Year) Type of
the Study Aim of the Study Materials Results

Chauhan et al. (2021) [48] In vitro

To investigate the action
of acid etching on the
surface characteristics of
titanium alloy implants
and to optimize the
process variables to
produce micro- and
nanotopography on the
surface of dental implants.

Without heating the
acid solution, the
optimum implant
surface was carefully
examined and
compared with the
etched surface.

Titanium alloy had a very
different surface topography
than commercially pure
titanium, and it had a
distinct surface topography
depending on whether the
attachment was done at
ambient temperature or at
higher temperature, which
has an impact on
cells’ behavior

Gavinho et al. (2019) [49] In vitro

Analyze Bioglass 45S5
with CeO, evaluating
whether its antioxidant
effect reverses oxidative
stress after implantation
in bone.

The materials’
morphological,
structural, and
biological properties
(cytotoxicity,
bioactivity, and
antibacterial activity)
were examined.

The addition of cerio did not
lead to structural changes in
the biocompatible glass,
which did not exhibit
cytotoxicity, but it prevent
the growth of Escherichia
coli and Streptococcus
mutans, and all of the tests
revealed the initial
deposition of a CaP-rich
layer on the material’s
surface after 24 h.

Rausch et al. (2021) [17] In vitro

Evaluate the ability of
human gingival cells to
attach to and grow on
differently treated
titanium or zirconia
implant surfaces

Zirconia and titanium
implant surfaces
were treated
differently and
subsequently had
different roughness:
some surfaces were
machined and
smooth, while other
surfaces were
sandblasted
and rough.

Gingival cell behavior is
mainly influenced by surface
roughness, and no relevant
difference was found
between titanium and
zirconia implants.

Schupbach et al. (2019) [50] In vitro

Comparing several
commercially available
implant systems with
SA-modified surfaces and
their surface-level
morphological and
cleaning characteristics.

Six candidates from
three different lots
were chosen to be the
installation team for
each system. The
average particulate
counts for each
project were
calculated from
three different
interest regions
and compared.

Not all manufacturers can
create implant surfaces
without contaminating them
with particulates.

Zhang et al. (2021) [8] In vitro

Reduce associated
infection symptoms and
improve early
osseointegration of
dental implant.

Anodic oxidation
with hydrogen
fluoride was
performed on the
Ti-Cu alloy
implant surface.

Etching hydrogen fluoride +
Ti-5Cu alloy revealed that it
has high corrosion resistance,
great biological compatibility,
and extremely potent
antibacterial characteristics.
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4. Discussion

Thanks to its excellent mechanical properties, including biocompatibility, corrosion
resistance, non-magnetism, and non-toxicity, titanium and its alloys are widely used to
create body armor and dental implants, with success rates close to 95–97% [51].

It is also very reactive and forms an ossidic layer of about 5 nm in thickness, which,
in contact with air and water, protects it from corrosion and improves its affinity for
patient cells [8].

However, even if titanium is a biologically inert material, it lacks anti-bacterial proper-
ties [52]. As a result, bacteria tend to adhere to the collars of implants, and implant failure
can be linked to peri-implant infections [51,53]. Once discovered, perimplantite must be
treated with antibiotics, which not only increases the risk of developing antibiotic resistance
but also causes discomfort and costs the patient money [54]. As a result, it is crucial that
titanium implants have long-term anti-bacterial properties and improve early osseointe-
gration capability [55,56]. To meet these clinical requirements, it is necessary to apply a
treatment to change the surface of pure titanium, optimizing the surface’s morphology and
chemical composition [8].

Researchers are working to increase the capacity of the surfaces of titanium machin-
ery [57]. The surface, shape, and structure of the implant affect the osseointegration process,
which is necessary to provide implant stability [36]. The stability of the implant, both
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primary and secondary, is a factor that affects how well the implant itself will osseoin-
tegrate [58]. While the primary stability is a mechanical phenomenon that depends on
both the implant’s macroscopic and microscopic design and the surgical technique used
to position it, numerous studies have found that the implant’s surface is the key factor in
achieving a high level of secondary stability [58,59].

Among the characteristics of implant surfaces, topography and chemical composition
are those that have the most impact on the interaction between biomaterial and osseous
tissue and, consequently, on secondary stability [17,29]. In particular, numerous studies
have demonstrated that, compared with implant surfaces, textured surfaces exhibit a
greater capacity for determining a biological response from some osseous cellular lines [60].
In fact, the roughness provides a larger area of contact and interconnection, leading to a
greater number of cellular colonies that create strong adhesions to the implant site and
enhancing osteoblast proliferation and adhesion processes while decreasing osteoclastic
activity and promoting mineralization [61]. In addition, implant roughness aids in the
differentiation of mesenchymal cells into the osteoblastic phenotype [29].

Physicochemical treatments of major implant surfaces give rise to different types
of implants:

• machined;
• polished;
• treated;
• hybrid [17,62].

A significant advantage of treated and hybridized surfaces is the increased degree
of hydrophilicity and wettability compared with untreated, machined, smooth surfaces,
which are considered hydrophobic [19]. The only way to modify something on the surface
is to add or reduce materials on a micro- or nanometric scale [50] (Figure 6).
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Bone-to-implant contact (BIC), early in the healing phase, is considerably increased
by implants with a hydrophilic surface because these implants typically display more cell
differentiation and aggregation [11] (Figure 7).
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The most significant advancement in implant dentistry has been the observation of
direct bone-to-implant contact (BIC), which was verified with electron microscopy [47].

In comparison with freshly worked surfaces, titanium dental implants with moderately
rough surfaces exhibit better osseointegration and faster osseous growth [50].

4.1. Implant Surface Treatments
4.1.1. Subtraction Treatments

A technique for creating moderately rough implant surfaces is sandblasting and acid
mordantation (SA) [50,60,63]. According to some studies, the surface modification using
the SA technique needs to be properly planned and managed in order to produce a final
medical device that is clean and reliable [17]. This is because it has been observed that
the majority of implant surface areas contain particulates, which are remnants of the
sandblasting [64]. This causes a 15% reduction in tensile strength, which could lead to the
beginning of a fracture process [9,11,17,65].

On the other hand, for the past ten years, a widely employed method of surface
modification has been the combination of sandblasting and etching [66]. Sandblasting
theoretically allows to achieve the ideal roughness for mechanical fixation, while additional
etching, by raising the peak height of the roughness peaks, allows to enhance the protein
adhesion mechanism, which is crucial in the early stages of bone healing [67]. In fact, these
two techniques are used in succession [48].

Surface alteration techniques that use subtractive processes include sandblasting and
acid etching [62]. Acid etching causes selective corrosion to occur, leaving holes or grooves
on the metal surface [38,68].

Because of its hydrophilic qualities, sandblasted, coarse-grained, acid-etched (SLA)
surface is a characteristic form of rough surface generated on a dental implant and has been
employed on the newest commercial dental implants [68].

Dual Acid Etch, or DAE Technology, uses double acid etching without first sand-
blasting [69]. Using this method, the danger of ingesting sand particles is reduced, and
surfaces are created that improve BIC, platelet retention, and the release of bone growth
hormones [70–72].
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By producing a special titanium surface with distinctive meso, micro, and nanoscale
roughness features that ensure better osteoconductive and osseointegrative capacities than
the more popular micro-rough titanium surface, a method for enhancing osseointegration
has been devised [45]. Sulfuric acid was used to etch commercially pure titanium at four
different temperatures (120, 130, 140, and 150 ◦C) [45]. Particularly when acid etching was
carried out at 140 ◦C, the new surface considerably stimulated osteoblast development and,
subsequently, osseointegration [17,45].

One of the nanoengineering methods for titanium implants is called electrochemical
anodizing [73]. This method involves immersing the titanium implant, which serves as the
anode, in an organic electrolyte containing water and fluoride in an electrochemical cell
with appropriate voltage, such that titania nanopores (TNPs) are created on the implant
surface in order to enhance soft tissue integration and wound healing [73,74]. Anodizing
has emerged as a useful technique for changing the surface morphology of titanium or
titanium alloys to enhance bone development because it is inexpensive, simple to apply,
and easy to control [75,76]. Anodizing can provide a surface morphology with a pore
structure on a micronano scale as well as increase the wear and corrosion resistance of pure
titanium implants [8].

Further frontiers of research that deserve further investigation are 3D-printed implants
and micro-ark oxidizing, which help improve biocompatibility. These are promising fields
that will offer new possibilities in the future of clinical practice [77].

4.1.2. Addition Treatments

Biomaterials in implantology have been promoting bone response and biomechan-
ical ability in recent years [78,79]. Many substances, including polyhydroxyalkanoates,
calcium phosphate, carbon, bisphosphonates, hydroxyapatite, bone-stimulating agents,
bioactive glass, bioactive ceramics, collagen, chitosan, metal and their alloys, fluoride,
and titanium/titanium nitride, are known as promising candidates for dental implant
coatings [78,80]. It is crucial that biomaterials degrade naturally; polyhydroxyalkanoates,
for instance, degrade naturally and do not harm tissues or cells in the process [81,82].

Owing to the development of biofilms, which are thought to aid bacteria in evading
antibiotics and the host defense mechanism, bacterial colonization of titanium results in im-
plant loss. Pathogens cause deterioration of the bone surrounding the implant, necessitating
surgery to repair the infected bone or to remove or replace infected implants. [37,78,83,84].

Although both implant types generated comparable clinical outcomes at 12 weeks
following surgery, implants with alkali-modified surfaces were consistently more stable
after implantation than implants with sandblasted surfaces [44,85].

Improved contact osteogenesis surrounding the dental implant was seen on surfaces
coated with calcium phosphate (CaP), and early healing phase osseointegration was also
seen to be enhanced [9,36]. Increasing the biocompatibility of titanium and encouraging
osteogenesis were among the first goals to be achieved by researchers, and for this, some
authors employed chemical modifications, such as the addition of fluoride to the implant
surface [48].

The interaction of fluoride with hydroxyapatite in bone tissue creates fluorapatite
followed by increased osteoblast proliferation and activation of alkaline phosphatase activ-
ity [86–88]. Because of its outstanding physical and chemical characteristics, particularly its
potential for osteoinduction, graphene oxide (GO) is a promising nanomaterial [57,89,90].
The addition of inorganic bioactive elements confers the important and necessary os-
teogenic, angiogenic, and antibacterial capabilities [53].

Broad-spectrum antibacterial capabilities, high efficiency, and durability are all proper-
ties of copper (Cu) [86,91]. Copper-containing titanium alloy has been confirmed to have a
constant precipitation of copper ions and long-lasting antibacterial activity [53,83,92]. It is a
necessary trace element for the human body because it can prevent osteoporosis, promote
osteogenic differentiation, and induce angiogenesis [93]. Ti-5Cu alloy has remarkable
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anti-infective efficacy, osteogenic potential, and biological compatibility, which have been
amply demonstrated by laboratory investigations [8,91,94].

Implants are frequently vulnerable to infections like peri-implantitis, which affect the
surrounding hard and soft tissues and result in implant loss and biocompatibility [95].

Peri-implantitis is an inflammatory condition that affects all surrounding tissues [96].
A deep pocket with hemorrhage, suppuration, and slight bone loss accompanies mucosal
injury [33,97,98] (Figure 8).
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Therefore, a recent scientific study has focused on the interface between the implant
and the surrounding soft tissues, highlighting the significance of establishing a sufficient
epithelial biological seal that is necessary to prevent bacterial contamination [17,97,99,100].
The underlying bone tissues are shielded from germs by the peri-implant tissues, which are
made up of connective and epithelial components [101]. It has been claimed that coating
the implant with bioactive materials will help to avoid the development of this disease [49].

A bioactive glass known as Bioglass 45S5 or calcium sodium phosphosilicate is made
up of silica, calcium oxide, phosphorus pentoxide, and sodium oxide [102]. Biomaterials
for bone grafts, periodontal defect repair, cranial and maxillofacial repair, wound care,
blood loss management, stimulation of vascular regeneration, and nerve repair are among
the typical uses of Bioglass 45S5 [49].

4.1.3. CGF Coated Dental Implants

More recent studies are focusing on the biological properties of growth factor concen-
trate (CGF), an autologous blood-derived biomaterial, in improving the osseointegration of
dental implants [103,104]. The surface of CGF permeated dental implants is biocompatible
and biologically active, significantly improving the adhesion of endothelial cells to the
implants themselves [31]. All of this guarantees better results in terms of osseointegration
and decline in post-surgical complications [31,103].

Some basic parameters are to be monitored during the osseointegration period and
after loading to ascertain peri-implant health over time: early healing index, visible plaque
index, tartar, peri-implant inflammation, probing depth and bleeding at probing, implant
stability quotient, crestal bone loss, bone level variation, and implant success and survival
rates [105]. Implant surface modifications can improve implant durability and health
and thus ensure proper prosthetic rehabilitation [38,106]. This is also especially true
in those patients in whom implant-prosthetic rehabilitation is not only cosmetic, but
functional [107]. Sometimes, such patients have systemic diseases or have compromised
bone conditions [108]. Implants with surface treatments that can improve bone–implant
interactions, protein uptake, adhesion, differentiation, and cell proliferation have been
used in these patients. In clinical trials with patients using anticoagulants, diabetics,
people who had radiation therapy to the head and neck, and people who needed bone
grafting, implants with hydrophilic surfaces displayed encouraging outcomes [109,110]. In
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comparison with other treated, coated implants, mandibular implant overdentures showed
considerably higher 1-year survival rates in clinical trials using SLActive hydrophilic
surfaces [43,110,111].

5. Conclusions

From the present study, it emerged that, although all surfaces allowed osseointegration
and cell proliferation, the treated surfaces, owing to surface irradiation, had a better
propensity for epithelial cell attachment and adhesion, proliferation, and differentiation of
osteoblastic cells.

However, research must be directed not only to the osseointegration of the implant
into the bone structure, to ensure primary and secondary stability, but also to the seal that
the soft tissues provide superficially, which is essential to protect the peri-implant tissues
and stability of the prosthesis.

Researchers in designing an implant must give equal importance to both osseointegra-
tion and mucointegration, key parameters for generating stability and creating a mucosal
seal around the prosthesis. Research in micro and macro implant topography must be
focused on designing successful medical devices, reducing clinical failure.

In summary, the primary objectives for the creation of implant surface changes are
as follows:

• Enhance clinical effectiveness in regions with both qualitative and quantitative bone
deficiencies;

• Speed up the osseointegration process so that immediate or early loading protocols
can be addressed;

• Sncourage bone formation in areas where there is insufficient alveolar ridge to enable
the implantation of implants;

• Properly seal the muco-gingival biological junction in order to prevent bacterial con-
tamination.

Owing to continuous scientific discoveries and innovation, research is extensive and
expanding. It is difficult to apply research in vivo; therefore, a long period of control is still
necessary before being able to have certain results on patients.
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Abbreviations

BIC Bone implant contact
BMMSC Multipotent mesenchymal stem cells from bone marrow
CaP Calcium phosphate
CGF Concentrated growth factors
Cu Copper
DAE Dual acid etch
GO Graphene oxide
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HF Hydrogen fluoride
PEEK Polyetheretherketone
RFA Resonance frequency analysis
SA Sandblasting and acid etching
SEM Scanning electron microscopy
SLA Coarse-grain blasting and acid etching
Ti Titanium
Ti-5Cu Titanium-copper alloy
TPS Titanium plasma spray
TNP Titanium nano pores

References
1. Calabriso, N.; Stanca, E.; Rochira, A.; Damiano, F.; Giannotti, L.; Di Chiara Stanca, B.; Massaro, M.; Scoditti, E.; Demitri, C.;

Nitti, P.; et al. Angiogenic Properties of Concentrated Growth Factors (CGFs): The Role of Soluble Factors and Cellular Compo-
nents. Pharmaceutics 2021, 13, 635. [CrossRef] [PubMed]

2. Colombo, M.; Mangano, C.; Mijiritsky, E.; Krebs, M.; Hauschild, U.; Fortin, T. Clinical Applications and Effectiveness of Guided
Implant Surgery: A Critical Review Based on Randomized Controlled Trials. BMC Oral Health 2017, 17, 150. [CrossRef]

3. Osman, R.B.; Swain, M.V. A Critical Review of Dental Implant Materials with an Emphasis on Titanium versus Zirconia. Materials
2015, 8, 932–958. [CrossRef]

4. Khurshid, Z.; Hafeji, S.; Tekin, S.; Habib, S.R.; Ullah, R.; Sefat, F.; Zafar, M.S. 2—Titanium, Zirconia, and Polyetheretherketone
(PEEK) as a Dental Implant Material. In Dental Implants; Zafar, M.S., Khurshid, Z., Khan, A.S., Najeeb, S., Sefat, F., Eds.; Woodhead
Publishing Series in Biomaterials; Woodhead Publishing: Cambridge, UK, 2020; pp. 5–35. ISBN 978-0-12-819586-4.

5. Gahlert, M.; Burtscher, D.; Grunert, I.; Kniha, H.; Steinhauser, E. Failure Analysis of Fractured Dental Zirconia Implants. Clin.
Oral Implant. Res. 2012, 23, 287–293. [CrossRef] [PubMed]

6. Gowda, E.M.; Iyer, S.R.; Verma, K.; Murali Mohan, S. Evaluation of PEEK Composite Dental Implants: A Comparison of Two
Different Loading Protocols. J. Dent. Res. Rep. 2018, 1. [CrossRef]

7. Safi, I.N.; Hussein, B.M.A.; Aljudy, H.J.; Tukmachi, M.S. Effects of Long Durations of RF–Magnetron Sputtering Deposition of
Hydroxyapatite on Titanium Dental Implants. Eur. J. Dent. 2021, 15, 440–447. [CrossRef]

8. Zhang, W.; Zhang, S.; Liu, H.; Ren, L.; Wang, Q.; Zhang, Y. Effects of Surface Roughening on Antibacterial and Osteogenic
Properties of Ti-Cu Alloys with Different Cu Contents. J. Mater. Sci. Technol. 2021, 88, 158–167. [CrossRef]

9. Gao, X.; Fraulob, M.; Haïat, G. Biomechanical Behaviours of the Bone–Implant Interface: A Review. J. R. Soc. Interface 2019, 16,
20190259. [CrossRef]

10. Jain, R.; Kapoor, D. The Dynamic Interface: A Review. J. Int. Soc. Prev. Community Dent. 2015, 5, 354. [CrossRef]
11. Velloso, G.; Moraschini, V.; Dos Santos Porto Barboza, E. Hydrophilic Modification of Sandblasted and Acid-Etched Implants

Improves Stability during Early Healing: A Human Double-Blind Randomized Controlled Trial. Int. J. Oral Maxillofac. Surg. 2019,
48, 684–690. [CrossRef]

12. Elias, C.N. Factors Affecting the Success of Dental Implants; IntechOpen: London, UK, 2011; ISBN 978-953-307-658-4.
13. Silva, E.; Félix, S.; Rodriguez-Archilla, A.; Oliveira, P.; Martins dos Santos, J. Revisiting Peri-Implant Soft Tissue—Histopathological

Study of the Peri-Implant Soft Tissue. Int. J. Clin. Exp. Pathol. 2014, 7, 611–618. [PubMed]
14. Moon, I.-S.; Berglundh, T.; Abrahamsson, I.; Linder, E.; Lindhe, J. The Barrier between the Keratinized Mucosa and the Dental

Implant. J. Clin. Periodontol. 1999, 26, 658–663. [CrossRef] [PubMed]
15. Barberi, J.; Spriano, S. Titanium and Protein Adsorption: An Overview of Mechanisms and Effects of Surface Features. Materials

2021, 14, 1590. [CrossRef] [PubMed]
16. Parithimarkalaignan, S.; Padmanabhan, T.V. Osseointegration: An Update. J. Indian Prosthodont. Soc. 2013, 13, 2–6. [CrossRef]

[PubMed]
17. Rausch, M.A.; Shokoohi-Tabrizi, H.; Wehner, C.; Pippenger, B.E.; Wagner, R.S.; Ulm, C.; Moritz, A.; Chen, J.; Andrukhov, O.

Impact of Implant Surface Material and Microscale Roughness on the Initial Attachment and Proliferation of Primary Human
Gingival Fibroblasts. Biology 2021, 10, 356. [CrossRef] [PubMed]

18. Gittens, R.A.; Scheideler, L.; Rupp, F.; Hyzy, S.L.; Geis-Gerstorfer, J.; Schwartz, Z.; Boyan, B.D. A Review on the Wettability of
Dental Implant Surfaces II: Biological and Clinical Aspects. Acta Biomater. 2014, 10, 2907–2918. [CrossRef]

19. Webb, K.; Hlady, V.; Tresco, P.A. Relative Importance of Surface Wettability and Charged Functional Groups on NIH 3T3 Fibroblast
Attachment, Spreading, and Cytoskeletal Organization. J. Biomed. Mater. Res. 1998, 41, 422–430. [CrossRef]

20. Nychka, J.; Gentleman, M. Implications of Wettability in Biological Materials Science. JOM 2010, 62, 39–48. [CrossRef]
21. Albertini, M.; Fernandez-Yague, M.; Lázaro, P.; Herrero-Climent, M.; Rios-Santos, J.-V.; Bullon, P.; Gil, F.-J. Advances in Surfaces

and Osseointegration in Implantology. Biomimetic Surfaces. Med. Oral Patol. Oral Cir. Bucal. 2015, 20, e316–e325. [CrossRef]
22. Hong, J.; Kurt, S.; Thor, A. A Hydrophilic Dental Implant Surface Exhibit Thrombogenic Properties In Vitro. Clin. Implant. Dent.

Relat. Res. 2013, 15, 105–112. [CrossRef]
23. Yu, Z.; Liu, L.; Deng, Y.; Zhang, X.; Yu, C. Study on the Blood Flow Characteristics of Venous Needle Retention with Different

Super-Hydrophobic Surface Structures. Med. Biol. Eng. Comput. 2023, 61, 867–874. [CrossRef]

https://doi.org/10.3390/pharmaceutics13050635
https://www.ncbi.nlm.nih.gov/pubmed/33946931
https://doi.org/10.1186/s12903-017-0441-y
https://doi.org/10.3390/ma8030932
https://doi.org/10.1111/j.1600-0501.2011.02206.x
https://www.ncbi.nlm.nih.gov/pubmed/21545535
https://doi.org/10.15761/JDRR.1000101
https://doi.org/10.1055/s-0040-1721314
https://doi.org/10.1016/j.jmst.2021.01.067
https://doi.org/10.1098/rsif.2019.0259
https://doi.org/10.4103/2231-0762.165922
https://doi.org/10.1016/j.ijom.2018.09.016
https://www.ncbi.nlm.nih.gov/pubmed/24551281
https://doi.org/10.1034/j.1600-051X.1999.261005.x
https://www.ncbi.nlm.nih.gov/pubmed/10522777
https://doi.org/10.3390/ma14071590
https://www.ncbi.nlm.nih.gov/pubmed/33805137
https://doi.org/10.1007/s13191-013-0252-z
https://www.ncbi.nlm.nih.gov/pubmed/24431699
https://doi.org/10.3390/biology10050356
https://www.ncbi.nlm.nih.gov/pubmed/33922217
https://doi.org/10.1016/j.actbio.2014.03.032
https://doi.org/10.1002/(SICI)1097-4636(19980905)41:3&lt;422::AID-JBM12&gt;3.0.CO;2-K
https://doi.org/10.1007/s11837-010-0107-6
https://doi.org/10.4317/medoral.20353
https://doi.org/10.1111/j.1708-8208.2011.00362.x
https://doi.org/10.1007/s11517-023-02767-5


J. Funct. Biomater. 2023, 14, 287 15 of 18

24. Traini, T.; Murmura, G.; Sinjari, B.; Perfetti, G.; Scarano, A.; D’Arcangelo, C.; Caputi, S. The Surface Anodization of Titanium
Dental Implants Improves Blood Clot Formation Followed by Osseointegration. Coatings 2018, 8, 252. [CrossRef]

25. Lotz, E.M.; Berger, M.B.; Schwartz, Z.; Boyan, B.D. Regulation of Osteoclasts by Osteoblast Lineage Cells Depends on Titanium
Implant Surface Properties. Acta Biomater. 2018, 68, 296–307. [CrossRef]

26. Inchingolo, F.; Tatullo, M.; Marrelli, M.; Inchingolo, A.M.; Scacco, S.; Inchingolo, A.; Dipalma, G.; Vermesan, D.; Abbinante, A.;
Cagiano, R. Trial with Platelet-Rich Fibrin and Bio-Oss Used as Grafting Materials in the Treatment of the Severe Maxillar Bone
Atrophy: Clinical and Radiological Evaluations. Eur. Rev. Med. Pharmacol. Sci. 2010, 14, 1075–1084.

27. Tatullo, M.; Marrelli, M.; Cassetta, M.; Pacifici, A.; Stefanelli, L.V.; Scacco, S.; Dipalma, G.; Pacifici, L.; Inchingolo, F. Platelet Rich
Fibrin (P.R.F.) in Reconstructive Surgery of Atrophied Maxillary Bones: Clinical and Histological Evaluations. Int. J. Med. Sci.
2012, 9, 872–880. [CrossRef]

28. Minetti, E.; Gianfreda, F.; Palermo, A.; Bollero, P. Autogenous Dentin Particulate Graft for Alveolar Ridge Augmentation with
and without Use of Collagen Membrane: Preliminary Histological Analysis on Humans. Materials 2022, 15, 4319. [CrossRef]

29. Redžepagić-Vražalica, L.; Mešić, E.; Pervan, N.; Hadžiabdić, V.; Delić, M.; Glušac, M. Impact of Implant Design and Bone
Properties on the Primary Stability of Orthodontic Mini-Implants. Appl. Sci. 2021, 11, 1183. [CrossRef]

30. Ivanova, V.; Chenchev, I.; Zlatev, S.; Mijiritsky, E. Correlation between Primary, Secondary Stability, Bone Density, Percentage of
Vital Bone Formation and Implant Size. Int. J. Environ. Res. Public Health 2021, 18, 6994. [CrossRef]

31. Palermo, A.; Giannotti, L.; Di Chiara Stanca, B.; Ferrante, F.; Gnoni, A.; Nitti, P.; Calabriso, N.; Demitri, C.; Damiano, F.;
Batani, T.; et al. Use of CGF in Oral and Implant Surgery: From Laboratory Evidence to Clinical Evaluation. Int. J. Mol. Sci. 2022,
23, 15164. [CrossRef]

32. Simonpieri, A.; Del Corso, M.; Vervelle, A.; Jimbo, R.; Inchingolo, F.; Sammartino, G.; Dohan Ehrenfest, D.M. Current Knowledge
and Perspectives for the Use of Platelet-Rich Plasma (PRP) and Platelet-Rich Fibrin (PRF) in Oral and Maxillofacial Surgery Part 2:
Bone Graft, Implant and Reconstructive Surgery. Curr. Pharm. Biotechnol. 2012, 13, 1231–1256. [CrossRef]

33. Tchinda, A.P.; Pierson, G.; Kouitat-Njiwa, R.; Bravetti, P. The Surface Conditions and Composition of Titanium Alloys in
Implantology: A Comparative Study of Dental Implants of Different Brands. Materials 2022, 15, 1018. [CrossRef] [PubMed]

34. Dimonte, M.; Inchingolo, F.; Dipalma, G.; Stefanelli, M. Maxillary sinus lift in conjunction with endosseous implants. A long-term
follow-up scintigraphic study. Minerva Stomatol. 2002, 51, 161–165. [PubMed]

35. Matsuo, Y.; Ogawa, T.; Yamamoto, M.; Shibamoto, A.; Sáenz, J.R.V.; Yokoyama, M.; Kanda, Y.; Toyohara, J.; Sasaki, K. Evaluation
of Peri-Implant Bone Metabolism under Immediate Loading Using High-Resolution Na18F-PET. Clin. Oral Investig. 2017, 21,
2029–2037. [CrossRef] [PubMed]

36. Jeon, J.-H.; Kim, M.-J.; Yun, P.-Y.; Jo, D.-W.; Kim, Y.-K. Randomized Clinical Trial to Evaluate the Efficacy and Safety of Two
Types of Sandblasted with Large-Grit and Acid-Etched Surface Implants with Different Surface Roughness. J. Korean Assoc. Oral
Maxillofac. Surg. 2022, 48, 225–231. [CrossRef] [PubMed]

37. Bavetta, G.; Bavetta, G.; Randazzo, V.; Cavataio, A.; Paderni, C.; Grassia, V.; Dipalma, G.; Isacco, C.G.; Scarano, A.; Vito, D.D.; et al.
A Retrospective Study on Insertion Torque and Implant Stability Quotient (ISQ) as Stability Parameters for Immediate Loading of
Implants in Fresh Extraction Sockets. BioMed Res. Int. 2019, 2019, 9720419. [CrossRef]

38. Bereznai, M.; Pelsöczi, I.; Tóth, Z.; Turzó, K.; Radnai, M.; Bor, Z.; Fazekas, A. Surface Modifications Induced by Ns and Sub-Ps
Excimer Laser Pulses on Titanium Implant Material. Biomaterials 2003, 24, 4197–4203. [CrossRef]

39. Scarano, A.; Khater, A.G.A.; Gehrke, S.A.; Serra, P.; Francesco, I.; Di Carmine, M.; Tari, S.R.; Leo, L.; Lorusso, F. Current Status of
Peri-Implant Diseases: A Clinical Review for Evidence-Based Decision Making. J. Funct. Biomater. 2023, 14, 210. [CrossRef]

40. Converti, I.; Palermo, A.; Mancini, A.; Maggiore, M.E.; Tartaglia, G.M.; Ferrara, E.; Vecchiet, F.; Lorusso, F.; Scarano, A.;
Bordea, I.R.; et al. Chewing and Cognitive Performance: What We Know. J. Biol. Regul. Homeost. Agents 2022, 36, 193–204.
[CrossRef]

41. Coccia, M. Probability of Discoveries between Research Fields to Explain Scientific and Technological Change. Technol. Soc. 2022,
68, 101874. [CrossRef]

42. Converti, I.; Palermo, A.; Mancini, A.; Maggiore, M.E.; Ferrara, E.; Vecchiet, F.; Sforza, C.; Maspero, C.; Farronato, M.;
Cagetti, M.G.; et al. The Effects of Physical Exercise on the Brain and Oral Health. J. Biol. Regul. Homeost. Agents 2022, 36,
425–437.

43. Bielemann, A.M.; Schuster, A.J.; da Rosa Possebon, A.P.; Schinestsck, A.R.; Chagas-Junior, O.L.; Faot, F. Clinical Performance of
Narrow-Diameter Implants with Hydrophobic and Hydrophilic Surfaces with Mandibular Implant Overdentures: 1-Year Results
of a Randomized Clinical Trial. Clin. Oral Implant. Res. 2022, 33, 21–32. [CrossRef]

44. Gursoytrak, B.; Ataoglu, H. Use of Resonance Frequency Analysis to Evaluate the Effects of Surface Properties on the Stability of
Different Implants. Clin. Oral Implant. Res. 2020, 31, 239–245. [CrossRef]

45. Hasegawa, M.; Saruta, J.; Hirota, M.; Taniyama, T.; Sugita, Y.; Kubo, K.; Ishijima, M.; Ikeda, T.; Maeda, H.; Ogawa, T. A Newly
Created Meso-, Micro-, and Nano-Scale Rough Titanium Surface Promotes Bone-Implant Integration. Int. J. Mol. Sci. 2020, 21, 783.
[CrossRef]

46. Ko, K.-A.; Kim, S.; Choi, S.-H.; Lee, J.-S. Randomized Controlled Clinical Trial on Calcium Phosphate Coated and Conventional
SLA Surface Implants: 1-Year Study on Survival Rate and Marginal Bone Level. Clin. Implant. Dent. Relat. Res. 2019, 21, 995–1001.
[CrossRef]

https://doi.org/10.3390/coatings8070252
https://doi.org/10.1016/j.actbio.2017.12.039
https://doi.org/10.7150/ijms.5119
https://doi.org/10.3390/ma15124319
https://doi.org/10.3390/app11031183
https://doi.org/10.3390/ijerph18136994
https://doi.org/10.3390/ijms232315164
https://doi.org/10.2174/138920112800624472
https://doi.org/10.3390/ma15031018
https://www.ncbi.nlm.nih.gov/pubmed/35160961
https://www.ncbi.nlm.nih.gov/pubmed/12070466
https://doi.org/10.1007/s00784-016-1992-z
https://www.ncbi.nlm.nih.gov/pubmed/27838843
https://doi.org/10.5125/jkaoms.2022.48.4.225
https://www.ncbi.nlm.nih.gov/pubmed/36043253
https://doi.org/10.1155/2019/9720419
https://doi.org/10.1016/S0142-9612(03)00318-1
https://doi.org/10.3390/jfb14040210
https://doi.org/10.23812/j.biol.regul.homeost.agents.202236.2S3.17
https://doi.org/10.1016/j.techsoc.2022.101874
https://doi.org/10.1111/clr.13851
https://doi.org/10.1111/clr.13560
https://doi.org/10.3390/ijms21030783
https://doi.org/10.1111/cid.12823


J. Funct. Biomater. 2023, 14, 287 16 of 18

47. Körmöczi, K.; Komlós, G.; Papócsi, P.; Horváth, F.; Joób-Fancsaly, Á. The Early Loading of Different Surface-Modified Implants:
A Randomized Clinical Trial. BMC Oral Health 2021, 21, 207. [CrossRef]

48. Chauhan, P.; Koul, V.; Bhatnagar, N. Critical Role of Etching Parameters in the Evolution of Nano Micro SLA Surface on the
Ti6Al4V Alloy Dental Implants. Materials 2021, 14, 6344. [CrossRef]

49. Gavinho, S.R.; Pádua, A.S.; Sá-Nogueira, I.; Silva, J.C.; Borges, J.P.; Costa, L.C.; Graça, M.P.F. Biocompatibility, Bioactivity, and
Antibacterial Behaviour of Cerium-Containing Bioglass®. Nanomaterials 2022, 12, 4479. [CrossRef]

50. Schupbach, P.; Glauser, R.; Bauer, S. Al2O3 Particles on Titanium Dental Implant Systems Following Sandblasting and Acid-
Etching Process. Int. J. Biomater. 2019, 2019, e6318429. [CrossRef]

51. Lorusso, F.; Conte, R.; Inchingolo, F.; Festa, F.; Scarano, A. Survival Rate of Zygomatic Implants for Fixed Oral Maxillary
Rehabilitations: A Systematic Review and Meta-Analysis Comparing Outcomes between Zygomatic and Regular Implants. Dent.
J. 2021, 9, 38. [CrossRef]

52. Williams, J.C.; Boyer, R.R. Opportunities and Issues in the Application of Titanium Alloys for Aerospace Components. Metals
2020, 10, 705. [CrossRef]

53. Zhou, J.; Wang, X.; Zhao, L. Antibacterial, Angiogenic, and Osteogenic Activities of Ca, P, Co, F, and Sr Compound Doped Titania
Coatings with Different Sr Content. Sci. Rep. 2019, 9, 14203. [CrossRef] [PubMed]

54. Llor, C.; Bjerrum, L. Antimicrobial Resistance: Risk Associated with Antibiotic Overuse and Initiatives to Reduce the Problem.
Ther. Adv. Drug. Saf. 2014, 5, 229–241. [CrossRef]

55. López-Valverde, N.; Macedo-de-Sousa, B.; López-Valverde, A.; Ramírez, J.M. Effectiveness of Antibacterial Surfaces in Osseointe-
gration of Titanium Dental Implants: A Systematic Review. Antibiotics 2021, 10, 360. [CrossRef] [PubMed]

56. Sindeeva, O.A.; Prikhozhdenko, E.S.; Schurov, I.; Sedykh, N.; Goriainov, S.; Karamyan, A.; Mordovina, E.A.; Inozemtseva, O.A.;
Kudryavtseva, V.; Shchesnyak, L.E.; et al. Patterned Drug-Eluting Coatings for Tracheal Stents Based on PLA, PLGA, and PCL for
the Granulation Formation Reduction: In Vivo Studies. Pharmaceutics 2021, 13, 1437. [CrossRef] [PubMed]

57. Inchingolo, A.M.; Malcangi, G.; Inchingolo, A.D.; Mancini, A.; Palmieri, G.; Di Pede, C.; Piras, F.; Inchingolo, F.; Dipalma, G.;
Patano, A. Potential of Graphene-Functionalized Titanium Surfaces for Dental Implantology: Systematic Review. Coatings 2023,
13, 725. [CrossRef]

58. Inchingolo, A.D.; Inchingolo, A.M.; Bordea, I.R.; Xhajanka, E.; Romeo, D.M.; Romeo, M.; Zappone, C.M.F.; Malcangi, G.;
Scarano, A.; Lorusso, F.; et al. The Effectiveness of Osseodensification Drilling Protocol for Implant Site Osteotomy: A Systematic
Review of the Literature and Meta-Analysis. Materials 2021, 14, 1147. [CrossRef]

59. Hazballa, D.; Inchingolo, A.; Inchingolo, A.M.; Malcangi, G.; Santacroce, L.; Minetti, E.; Di Venere, D.; Limongelli, L.; Bordea, I.;
Scarano, A.; et al. The Effectiveness of Autologous Demineralized Tooth Graft for the Bone Ridge Preservation: A Systematic
Review of the Literature. J. Biol. Regul. Homeost. Agents 2021, 35, 283–294. [CrossRef]

60. Smeets, R.; Stadlinger, B.; Schwarz, F.; Beck-Broichsitter, B.; Jung, O.; Precht, C.; Kloss, F.; Gröbe, A.; Heiland, M.; Ebker, T. Impact
of Dental Implant Surface Modifications on Osseointegration. BioMed Res. Int. 2016, 2016, 6285620. [CrossRef]

61. Asensio, G.; Vázquez-Lasa, B.; Rojo, L. Achievements in the Topographic Design of Commercial Titanium Dental Implants:
Towards Anti-Peri-Implantitis Surfaces. J. Clin. Med. 2019, 8, 1982. [CrossRef]

62. Jemat, A.; Ghazali, M.J.; Razali, M.; Otsuka, Y. Surface Modifications and Their Effects on Titanium Dental Implants. BioMed Res.
Int. 2015, 2015, 791725. [CrossRef]

63. Park, C.-J.; Lim, J.H.; Tallarico, M.; Hwang, K.-G.; Choi, H.; Cho, G.-J.; Kim, C.; Jang, I.-S.; Song, J.-D.; Kwon, A.M.; et al. Coating
of a Sand-Blasted and Acid-Etched Implant Surface with a PH-Buffering Agent after Vacuum-UV Photofunctionalization. Coatings
2020, 10, 1040. [CrossRef]

64. Stavropoulos, A.; Bertl, K.; Winning, L.; Polyzois, I. What Is the Influence of Implant Surface Characteristics and/or Implant
Material on the Incidence and Progression of Peri-Implantitis? A Systematic Literature Review. Clin. Oral Implant. Res. 2021, 32,
203–229. [CrossRef]

65. Lorusso, F.; Mastrangelo, F.; Inchingolo, F.; Mortellaro, C.; Scarano, A. In Vitro Interface Changes of Two vs Three Narrow-
Diameter Dental Implants for Screw-Retained Bar under Fatigue Loading Test. J. Biol. Regul. Homeost. Agents 2019, 33, 115–120.

66. Medvedev, A.E.; Ng, H.P.; Lapovok, R.; Estrin, Y.; Lowe, T.C.; Anumalasetty, V.N. Effect of Bulk Microstructure of Commercially
Pure Titanium on Surface Characteristics and Fatigue Properties after Surface Modification by Sand Blasting and Acid-Etching.
J. Mech. Behav. Biomed. Mater. 2016, 57, 55–68. [CrossRef]

67. Finger, C.; Stiesch, M.; Eisenburger, M.; Breidenstein, B.; Busemann, S.; Greuling, A. Effect of Sandblasting on the Surface
Roughness and Residual Stress of 3Y-TZP (Zirconia). SN Appl. Sci. 2020, 2, 1700. [CrossRef]

68. Velasco-Ortega, E.; Alfonso-Rodríguez, C.A.; Monsalve-Guil, L.; España-López, A.; Jiménez-Guerra, A.; Garzón, I.; Alaminos, M.;
Gil, F.J. Relevant Aspects in the Surface Properties in Titanium Dental Implants for the Cellular Viability. Mater. Sci. Eng. C 2016,
64, 1–10. [CrossRef]

69. Giner, L.; Mercadé, M.; Torrent, S.; Punset, M.; Pérez, R.A.; Delgado, L.M.; Gil, F.J. Double Acid Etching Treatment of Dental
Implants for Enhanced Biological Properties. J. Appl. Biomater. Funct. Mater. 2018, 16, 83–89. [CrossRef]

70. Rapone, B.; Inchingolo, A.D.; Trasarti, S.; Ferrara, E.; Qorri, E.; Mancini, A.; Montemurro, N.; Scarano, A.; Inchingolo, A.M.;
Dipalma, G.; et al. Long-Term Outcomes of Implants Placed in Maxillary Sinus Floor Augmentation with Porous Fluorohy-
droxyapatite (Algipore® FRIOS®) in Comparison with Anorganic Bovine Bone (Bio-Oss®) and Platelet Rich Plasma (PRP):
A Retrospective Study. J. Clin. Med. 2022, 11, 2491. [CrossRef]

https://doi.org/10.1186/s12903-021-01498-z
https://doi.org/10.3390/ma14216344
https://doi.org/10.3390/nano12244479
https://doi.org/10.1155/2019/6318429
https://doi.org/10.3390/dj9040038
https://doi.org/10.3390/met10060705
https://doi.org/10.1038/s41598-019-50496-3
https://www.ncbi.nlm.nih.gov/pubmed/31578429
https://doi.org/10.1177/2042098614554919
https://doi.org/10.3390/antibiotics10040360
https://www.ncbi.nlm.nih.gov/pubmed/33800702
https://doi.org/10.3390/pharmaceutics13091437
https://www.ncbi.nlm.nih.gov/pubmed/34575513
https://doi.org/10.3390/coatings13040725
https://doi.org/10.3390/ma14051147
https://doi.org/10.23812/21-2supp1-28
https://doi.org/10.1155/2016/6285620
https://doi.org/10.3390/jcm8111982
https://doi.org/10.1155/2015/791725
https://doi.org/10.3390/coatings10111040
https://doi.org/10.1111/clr.13859
https://doi.org/10.1016/j.jmbbm.2015.11.035
https://doi.org/10.1007/s42452-020-03492-6
https://doi.org/10.1016/j.msec.2016.03.049
https://doi.org/10.5301/jabfm.5000376
https://doi.org/10.3390/jcm11092491


J. Funct. Biomater. 2023, 14, 287 17 of 18

71. Steller, D.; Simon, R.; Bialy, R.V.; Pries, R.; Hakim, S.G. Impact of Zoledronic Acid and Denosumab Treatment on Growth Factor
Concentration in Platelet Rich Fibrin of Patients With Osteolytic Bone Metastases. Anticancer Res. 2021, 41, 3917–3923. [CrossRef]

72. Lazzara, R.J.; Testori, T.; Trisi, P.; Porter, S.S.; Weinstein, R.L. A Human Histologic Analysis of Osseotite and Machined Surfaces
Using Implants with 2 Opposing Surfaces. Int. J. Periodontics Restor. Dent. 1999, 19, 117–129.

73. Gulati, K.; Moon, H.-J.; Li, T.; Sudheesh Kumar, P.T.; Ivanovski, S. Titania Nanopores with Dual Micro-/Nano-Topography for
Selective Cellular Bioactivity. Mater. Sci. Eng. C 2018, 91, 624–630. [CrossRef] [PubMed]

74. Jayasree, A.; Raveendran, N.T.; Guo, T.; Ivanovski, S.; Gulati, K. Electrochemically Nano-Engineered Titanium: Influence of Dual
Micro-Nanotopography of Anisotropic Nanopores on Bioactivity and Antimicrobial Activity. Mater. Today Adv. 2022, 15, 100256.
[CrossRef]

75. Alipal, J.; Lee, T.C.; Koshy, P.; Abdullah, H.Z.; Idris, M.I. Evolution of Anodised Titanium for Implant Applications. Heliyon 2021,
7, e07408. [CrossRef] [PubMed]

76. Yao, C.; Webster, T. Anodization: A Promising Nano-Modification Technique of Titanium Implants for Orthopedic Applications.
J. Nanosci. Nanotechnol. 2006, 6, 2682–2692. [CrossRef] [PubMed]

77. Kozelskaya, A.I.; Rutkowski, S.; Frueh, J.; Gogolev, A.S.; Chistyakov, S.G.; Gnedenkov, S.V.; Sinebryukhov, S.L.; Frueh, A.;
Egorkin, V.S.; Choynzonov, E.L.; et al. Surface Modification of Additively Fabricated Titanium-Based Implants by Means of
Bioactive Micro-Arc Oxidation Coatings for Bone Replacement. J. Funct. Biomater. 2022, 13, 285. [CrossRef]

78. Eftekhar Ashtiani, R.; Alam, M.; Tavakolizadeh, S.; Abbasi, K. The Role of Biomaterials and Biocompatible Materials in Implant-
Supported Dental Prosthesis. Evid. Based Complement. Altern. Med. 2021, 2021, e3349433. [CrossRef]

79. Gauthier, O.; Müller, R.; von Stechow, D.; Lamy, B.; Weiss, P.; Bouler, J.-M.; Aguado, E.; Daculsi, G. In Vivo Bone Regeneration
with Injectable Calcium Phosphate Biomaterial: A Three-Dimensional Micro-Computed Tomographic, Biomechanical and SEM
Study. Biomaterials 2005, 26, 5444–5453. [CrossRef]

80. López-Valverde, N.; Aragoneses, J.; López-Valverde, A.; Rodríguez, C.; Sousa, B.; Aragoneses, J. Role of Chitosan in Titanium
Coatings. Trends and New Generations of Coatings. Front. Bioeng. Biotechnol. 2022, 10, 907589. [CrossRef]

81. Thorat Gadgil, B.S.; Killi, N.; Rathna, G.V.N. Polyhydroxyalkanoates as Biomaterials. MedChemComm 2017, 8, 1774–1787.
[CrossRef]

82. Dalton, B.; Bhagabati, P.; De Micco, J.; Padamati, R.B.; O’Connor, K. A Review on Biological Synthesis of the Biodegradable
Polymers Polyhydroxyalkanoates and the Development of Multiple Applications. Catalysts 2022, 12, 319. [CrossRef]

83. Inchingolo, A.D.; Inchingolo, A.M.; Malcangi, G.; Avantario, P.; Azzollini, D.; Buongiorno, S.; Viapiano, F.; Campanelli, M.;
Ciocia, A.M.; De Leonardis, N.; et al. Effects of Resveratrol, Curcumin and Quercetin Supplementation on Bone Metabolism—A
Systematic Review. Nutrients 2022, 14, 3519. [CrossRef]

84. Scarano, A.; Assenza, B.; Inchingolo, F.; Mastrangelo, F.; Lorusso, F. New Implant Design with Midcrestal and Apical Wing
Thread for Increased Implant Stability in Single Postextraction Maxillary Implant. Case Rep. Dent. 2019, 2019, 9529248. [CrossRef]

85. Comuzzi, L.; Tumedei, M.; Romasco, T.; Petrini, M.; Afrashtehfar, K.I.; Inchingolo, F.; Piattelli, A.; Di Pietro, N. Insertion Torque,
Removal Torque, and Resonance Frequency Analysis Values of Ultrashort, Short, and Standard Dental Implants: An In Vitro
Study on Polyurethane Foam Sheets. J. Funct. Biomater. 2023, 14, 10. [CrossRef]
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