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ABSTRACT:

Purpose: The surface coatings of implants primarily
used in orthopedics and dentistry are developed to improve
osseointegration with the body’s tissues and ensure dura-
bility and functionality. In surgical practice, there is large
diversity of options for grafting materials to manage bone
loss, promote osteoinduction and accelerate implant inte-
gration and survival. The aim of the present study is to
analyze and evaluate the biomedical characteristics of
Chitosan, Bioactive glass and Laponite®/BMP-2 as poten-
tial substances for surface coatings of implants.

Material/Methods: A search for scientific studies was
conducted in the electronic databases: Google Scholar and
PubMed for a period of ten years (2014-2024) with key-
words: Biomedical characteristics, Chitosan, Bioactive glass,
Laponite (BMP-2), implant surface coatings.

Results: Results demonstrated that chitosan used as
a coating for implant materials promotes osteointegration
both in vitro and in vivo. Coating the implant with bioactive
glasses leads to improved stability as well as the connec-
tion between the coating and the implant. The combination
of Laponite®’s biocompatibility and the osteoinductive
properties of BMP-2 as surface implant coating can enhance
the healing of bone defects and accelerate osteointegration.

Conclusion: This review highlights the main charac-
teristics of commonly used bone substitutes and provides
guidance on their clinical use in orthopedic and traumatol-
ogy practice and periodontal treatment in terms of improv-
ing their durability.

Keywords: Biomedical characteristics, Chitosan,

Bioactive glass, Laponite (BMP-2), implant surface coat-
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INTRODUCTION

In recent years, there has been significant progress in
various aspects of medicine regarding the use of high-tech
implants for tissue and bone regeneration. Nevertheless, im-
plant failure remains a major challenge due to aseptic or sep-
tic reasons. The situation is even more challenging in pa-
tients with osteoporosis, diabetes, inflammatory diseases
(rheumatoid arthritis, lupus, etc.) or with large bone defects.
These bone defects may occur due to trauma, pseudoarthrosis,
infection or bone resection in oncology. [1]

In surgical practice, there are many options for graft-
ing materials (autografts, allografts, synthetic) to manage
bone loss. Some of these materials are used as implant coat-
ings to improve their integration and survival through the
years. Thus, the ideal material is biocompatible, biore-
sorbable, osteoconductive, osteoinductive, porous with a
comparable structure to bone and last but not least - cost
effective. The third generation bone substitute substance
often used as implant coatings are synthetic products: ce-
ramic-based substitutes (calcium sulfate, tri-calcium phos-
phate ceramics, bioactive glasses), polymer-based bone sub-
stitutes (chitosan, Polyglycolic acid - PGA) or factor-based
substitutes, which include various functional proteins hav-
ing an essential role in bone repair such as BMP-2.

In recent years, the development of tissue engineer-
ing has aimed to create cell-generated and functional tis-
sues, not just synthetic matrices to fill defects. Tissue engi-
neering uses progenitor cells placed in 3D printed
biocompatible matrices with growth factors to accelerate
bone regeneration and to augment the bone-implant con-
tact in order to reduce aseptic loosing and improve implant
survival.

Among the groups of materials used for making im-
plants (metals, polymers, ceramics and composites), tita-
nium, due to its high corrosion resistance, minimal toxicity,
biocompatibility and high mechanical strength is undoubt-
edly the most used material in orthopaedics and maxillofa-
cial surgery. [2, 3]. However, metal implants have disadvan-
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tages related to the fact that they are not sufficiently bio-
logically active and that long-term exposure of the human
body to metal implants can lead to the release of toxic ions
due to corrosion. In order to achieve the most effective proc-
ess of osseointegration and to enhance the regenerative proc-
esses in the body, surface implant coatings with specific
properties are used.

Application of coatings of different texture, thick-
ness and roughness on implant surfaces can affect their
chemical inertness, cell adhesion and antibacterial charac-
teristics. Osseointegration is essential for implant survival
as it requires direct contact and interface between the adja-
cent tissues and the implant surface [4]. Implant material
biocompatibility, implant surface characteristics and design,
both macroscopically and microscopically, bone quantity
and quality, unobstructed healing phase, loading circum-
stances, and implant coverage are important factors in
achieving successful implant osseointegration [5, 6].

For implants to be clinically effective in the long
term, osseointegration and contact between the implant
material and the bone are essential [7], and various surface
coatings [8], as well as mechanical changes to the surface
[9], contribute to this.

The aim of this study is to evaluate the biomedical
characteristics of chitosan, Bioactive glass and Laponite®/
BMP-2 as potential substances for surface implant coatings.

MATERIALS AND METHODS:

A search for scientific studies was conducted in the
electronic databases: Google Scholar and PubMed for a pe-
riod of ten years (2014-2024) with key words: Biomedical
characteristics, Chitosan, Bioactive glass, Laponite (BMP-
2), implant surface coatings. The following criteria were de-
fined for including the publications in the thematic analysis:
full-text publications, review articles created in English, pub-
lished in refereed scientific journals, indicating the specified
keywords and expressions. The exclusion criteria were as fol-
lows: case reports and abstracts; studies that did not focus on
biomedical application of Chitosan, Bioactive glass and
Laponite (BMP-2) as coating material; articles before 2014
and studies in languages different from English.

RESULTS:

1. Biomedical characteristics of Chitosan (Cht) as
surface implant coating

Chitosan (Cht) is a natural polysaccharide produced
by the N-deacetylation of chitin, a structural element found
in the exoskeleton of crustaceans and insects, and is the
second most abundant natural polysaccharide after cellu-
lose. The application of high power ultrasound significantly
enhances the deacetylation process (removal of an acetyl
group) of chitin, resulting in low molecular weight and pro-
ducing high quality Cht by rapid low temperature treat-
ment.

Chitosan is an FDA-approved copolymer that dem-
onstrates properties such as bioactivity, biocompatibility,
biodegradability, osteoconductivity and isteoinductivity,
non-toxicity, drug delivery and broad-spectrum antimicro-
bial activity against gram-positive and gram-negative bac-
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teria. Its haemostatic power is an important characteristic as
it can induce platelet adhesion and aggregation and acti-
vate blood coagulation. Thus, Cht can control bleeding by
adsorbing plasma and coagulating red blood cells [10].

Due to the highly pronounced biomedical character-
istics of chitosan, several studies have been conducted to
evaluate its action in promoting implant surface osseo-
integration [11, 12].

The study highlights the degree of deacetylation and
molecular weight of Cht as determinants of osteoblast adhe-
sion, growth and differentiation. Sukul et al. found in vitro
that high deacetylation chitosan promotes osteoblast adhe-
sion, secretion of bone markers and extracellular matrix pro-
duction, whereas low deacetylation induces secretion of fac-
tors that stimulate osteoclastogenesis. Similarly, high mo-
lecular weight Cht induces the secretion of factors facilitat-
ing angiogenesis and bone remodelling [13].

Polo-Corrales et al. present chitosan as an excellent
agent for osteoblast stimulation and, therefore, a promoter
of bone formation [14]. Cht is widely used to enhance tissue
regeneration, either in isolation or in combination with other
biomaterials. Teixeira-Santos et al. report that the use of Cht
and its derivatives to coat implant surfaces is considered a
powerful alternative to prevent colonization and biofilm
formation due to the antimicrobial properties of Cht [15].

Chitosan coatings can be used as drug delivery sys-
tems to release therapeutic agents directly at the site of the
implant. It is a good candidate for controlled release of drugs
such as antibiotics, anti-inflammatory drugs, or growth fac-
tors [16].

In a published paper, Oliveira WF, et al. report strate-
gies by which Cht, as well as composites based on this
polysaccharide, can coat the surface of implantable medical
materials for possible pharmaceutical uses. They present the
main methodologies in coating surfaces of implantable
materials with chitosan-based compounds, namely electro-
phoretic deposition (EPD), dip coating, spin coating, and
spray coating [17].

2. Biomedical characteristics of Bioactive glass
surface implant coating

The general term bioactive glasses covers a number
of products with variations in their composition and prop-
erties. Such as the standard silicate glass 45S5 (called 45S5
or Bioglass® and considered the progenitor), antibacterial
bioactive glasses (e.g. S53P4 or BonAlive®), borate-based
glasses (bioactive glass 13-93B3).

Bioactive glasses with the general formula 45Si0, -
24.5Na, 0-24.5Ca0-6.0P O, are highly biocompatible and
have a high chance of integrating with human tissue, mak-
ing them a good option for improving the biocompatibility
and bioactivity of metal implant surfaces. In contact with
tissues, the biocompatibility of bioactive glass is determined
by a series of reactions. Ions leave the glass complex on the
implant surface to enter the body fluid, while hydrogen
leaves the body fluids to form a network with silicon in the
glass coating. This network attracts the movement of ions
to the surface of the SiO,-rich layer, resulting in the forma-
tion of an amorphous calcium phosphate (ACP) layer or
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hydroxyl carbonate-apatite (HCA) layer when crystallized.
This layer is very important because it provides the bond
between the tissue and the glass material. The success of
these reactions confirms the biocompatibility of the implant
coating material. Furthermore, they can regulate or inhibit
the corrosion of implant metals in a biological environment.
Bioactive glass coatings are osteoconductive, meaning they
support the attachment, proliferation, and differentiation of
osteoblasts [18].

In a study by Chand et al., it was found that bioactive
glasses, due to their specific properties, are suitable for coat-
ing and improving the functionalities of implants. They are
also used in wound healing and bone formation [19]. Sola et
al. studied the properties of bioactive glasses and found
that compared to other materials, they are highly
biocompatible, which suggests that they have a significantly
greater potential for integration with human tissue than metal
implants [20]. The advantages identified in the study of
bioactive glasses include easier integration, the ability to
replace damaged tissue or bone, and facilitating tissue re-
generation. As a material, bioactive glasses facilitate better
integration of implants by forming apatite at the interfaces
and can also inhibit and regulate the corrosion of implant
metals in a biological environment [19]. Similar findings
were also found in a study by Manam et al., which estab-
lished that bioactive glass has the properties to restore, re-
place, and promote tissue regeneration [21]. The study found
that bioactive glasses have suitable biodegradability, which
makes the particles extremely easy to resorb [22]. In their
study, Kargozar and colleagues examine bioactive glasses,
their ability to stimulate angiogenesis, and their reliability
as delivery systems for ions and biomolecules. However, the
possible risks of soft tissue calcification by BGs have not
yet been comprehensively studied [23]. Despite the undeni-
able advantages of bioactive glasses in terms of implant
coating, it was found that they have poorer mechanical prop-
erties compared to other materials because they are not suit-
able for use in load-bearing areas [24].

Oliver JN and colleagues present in their work the
popular methods for coating with bioactive glass-sol-gel
technique, enameling, electrophoretic deposition, thermal
spraying and laser cladding [18].

3. Biomedical characteristics of Laponite®/BMP-
2 as surface implant coating

The studies found demonstrate the importance of bone
morphogenetic protein 2 (BMP-2) for bone regeneration,
fracture healing, and bone defects. One clinical study dem-
onstrated the potential of BMP-2 as an effective agent for
promoting bone growth [25]. King WJ, et al. believe that
bone morphogenetic protein-2 (BMP-2) is most often ap-
plied in high concentrations to materials to induce a bio-
logical response. According to the researchers, high con-
centrations result in a rapid release of a potent growth factor
upon implant placement [26]. A study by Cheng et al. found
that to maintain bioactivity while minimizing side effects,
BMP-2 should be immobilized using various methods, such
as coating with fibronectin or heparin, microspheres, and
hydrogels [27]. Despite the methods mentioned, it has been
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established that during implantation, it is necessary to de-
liver the growth factors to the tissues to ensure that the
growth factor is active and in the correct concentration to
achieve the desired biological effect. According to Erezuma
et al., laponite has the properties for injection due to the
fusion of the particles and the formation of a 3D structure,
which makes the laponite thixotropic. The gel formed can
be modified by applying various solutions containing salt
or protein. It is precisely because of its mentioned proper-
ties that laponite is defined as a tissue regenerative bioma-
terial [28].

In a study by Marshall K, et al., it was found that
laponite is extremely easy to apply for coating, success-
fully covering the materials used for implants and having a
beneficial effect on the adhesion of the skeleton [29]. In the
mentioned study, laponite was applied to the skeleton of
the implant as a coating, leaving it in appropriate condi-
tions (dry container) to dry for 24 hours. Bone morphogenic
protein 2 (BMP2) can induce ectopic bone. Nanoparticles
(laponite) could bind into a gel under appropriate condi-
tions, which is why they are widely used in clinical prac-
tice. Individual particles self-assemble based on electrostatic
interactions, forming an open macroporous and thixotropic
gel or glassy state, depending on the salt concentration [30].
Laponite is of great importance in the therapeutic treatment
of large segments based on 3D scaffolds for engineering
porous tissues due to the facilitation of the healing process.
Tissue engineering technology uses 3D porous scaffolds as
platforms for differentiation and adhesion of cells in bone
regeneration [31]. Erezuma et al. are of the opinion that
reinforced biomaterials significantly change the treatment
of musculoskeletal defects, as laponite shows essential bio-
logical, mechanical, physical and chemical properties to
achieve regeneration and optimal tissue integration [32].

In their study, Liu Z, and colleagues demonstrate the
ability of laponite nanoclay to localize and deliver bioactive
BMP-2. An ovine femoral condyle defect model confirmed
PCL-TMA900 scaffolds coated with Laponite®/BMP-2 pro-
duced significant bone formation compared to the uncoated
PCL-TMA 900 scaffold in vivo, assessed by micro-computed
tomography (LCT) and histology [33].

A possible method for applying a laponite coating
to an implantable surface is Layer-by-layer (LbL), LbL coat-
ing preserves the intrinsic mechanics of implants and trans-
forms a relatively inert interface into a bio-friendly inter-
face that attracts the adhesion of bone marrow mesenchy-
mal stem cells (BMSCs) and therefore promotes osseo-
integration between the implant and surrounding tissues
[34].

The combination of Laponite® synthetic clay mate-
rial loaded with bone morphogenetic protein-2 (BMP-2) is
recognized a strong osteoinductive factor, as a surface coat-
ing of implants, it has the potential to improve osseo-
integration and stimulate bone regeneration.

For a clearer systematization of the presented infor-
mation, Table 1 compares the main biomedical characteris-
tics of the three materials considered for implant surface
coating — Chitosan (Cht), Bioactive Glass, and Laponite®/
BMP-2 — including their advantages and disadvantages.
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Table 1. Comparative overview of the biomedical characteristics, advantages,

implant surface coatings — Chitosan (Cht), Bioactive glass, and Laponite®/BMP-2.

and disadvantages of the three

Characteristic Chitosan (Cht) Bioactive glass Laponite®/BMP-2
Polysaccharide obtained by | Variations (e.g., 45S5 | Synthetic nanoclay
Origin/Composition | N-deacetylation of chitin Bioglass®, S53P4, borate- | (Laponite®) + growth factor

based)

BMP-2

Key properties

Biocompatibility, bioactivity,
hemostatic power, antimicro-
bial activity, osteoconduc-

tivity, osteoinductivity

High biocompatibility, osteo-
conductivity, apatite layer for-

mation, anti-corrosion effect

Osteoinductivity (via BMP-2),
3D gel formation, bone regen-

eration

Cellular interaction

High deacetylation —
osteoblast adhesion & matrix;

low deacetylation— osteo-

Ion release — HCA layer for-
mation, supports osteoblast

adhesion & differentiation

Supports BMSCs adhesion,

stimulates osteogenesis

Hemostatic activity

adhesion and coagulation

clastogenesis
L. . Yes — against Gram+ and | Partial (in some types such as | None
Al‘l?ll‘.nlCl'Oblal Gram- bacteria; prevents | S53P4)
activity biofilm
Strong — induces platelet None

None

Suitable for controlled release

Can act as a carrier of ions or

Enables localized and control-

Drug/Growth factor o . .
ug/Grow of antibiotics, growth factors, | biomolecules led BMP-2 delivery
delivery ..
anti-inflammatory agents
Electrophoretic deposition | Sol-gel, enameling, EPD, ther- | Layer-by-layer (LbL), direct
Coating methods (EPD), dip coating, spin coat- | mal spraying, laser cladding | gel formation
ing, spray coating
Biodegradation Biodegradable (enzymatic hy- | Yes — resorbable Yes — degradable nanoclay
drolysis)
Antimicrobial & hemostatic | Excellent biocompatibility; | Strong osteoinductivity; local-
activity; biocompatible; con- | promotes bone & tissue forma- | ized BMP-2 delivery; suitable
Advantages
trolled drug release tion; corrosion protection; | for 3D scaffolds; easy coating
bioactive apatite layer
Properties depend on molecu- | Poor mechanical strength — | Requires strict BMP-2 dosage
lar weight & degree of deace- | unsuitable for load-bearing ar- | control (high dose — side ef-
Disadvantages . . . . . . .
tylation; possible osteoclas- | eas; possible soft tissue calci- | fects); lacks antimicrobial ac-
togenesis (low deacetylation) | fication tivity
Implant coatings, tissue regen- | Bone regeneration, implant in- | Bone defect healing, osteo-
Applications eration, hemostasis, antimi- | tegration, anti-corrosion pro- | genesis stimulation, tissue en-
crobial systems tection gineering scaffolds
DISCUSSION: and intracellular signalling pathways.

The achievement of successful osseointegration
depends on the following factors: biocompatibility of
bone substitutes; bio material design (shape and
macrotexture); surface feature (microtexture); implanta-
tion technique; recipient bed condition; mechanical loads
and stability in the post-implantation period. Tissue re-
generation is a biological cascade of physiologically
controlled processes of induction, genesis and conduc-
tion involving specific cell types as well as extracellular
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Metal products possess high mechanical strength
and fatigue resistance, but they are corrosive and toxic
due to the release of active ions, which could lead to
adverse tissue reactions. However, acceptable low corro-
sion rates have passive metals like titanium, chromium,
zirconium. In medicine, metals are used because they are
bio inert and can be moulded into different shapes de-
pending on the purpose. Metals are coated with ceramics
because ceramic has an outstanding elastic modulus and

J of IMAB. 2025 Jul-Sep;31(3)



can be used as scaffolds. In medicine, metals are used
because they are bio inert and can be moulded into dif-
ferent shapes depending on the purpose. Metals are coated
with ceramics because ceramic has an outstanding elastic
modulus and can be used as scaffolds. Several techniques
are used in practice for coating metal implants: thermal
spraying, plasma spraying, biomimetic coating, sol-gel
dip coating, pulsed laser deposition. Every method has
advantages/disadvantages, and its application should be
evaluated before biomedical application [35].

The three materials analyzed in the present study
offer properties that can improve the integration of im-
plants with bone tissue. Chitosan is known for its antimi-
crobial properties and biocompatibility, while bioactive
glass has the ability to increase mineralization stimulate
osteogenesis and bone formation. Laponit®, in combina-
tion with BMP-2 (bone growth factor), provides growth
factors that significantly accelerate the processes of bone
formation and regeneration, showing osteoinductive prop-
erties. The biomedical characteristics of chitosan can be
further optimized through modifications in the compos-
ite design, thus ensuring a wide range of applications for
both medical implant coatings and scaffolds.

Ceramics and polymers are two main bioactive ma-
terials used as implant coating materials. Although
bioactive glasses are not as commonly used as polymers
as coating materials, their specific properties have multi-
ple functions [36]. As bioceramic materials, bioactive
glasses have wide clinical applications. Their main prop-
erties are related to high biocompatibility as well as anti-
microbial properties, making them suitable as
biomaterials in medicine and dentistry [37]. Bioactive
glasses have suitable body compatibility; therefore, they
are similar in content to bone hydroxyapatite. In the hu-
man body, they are often used as dental implants to repair
or replace damaged bones, and other applications in den-
tistry are related to their use in root canal treatment for
periodontal disease, tooth restoration, maxillofacial sur-
gery, etc. [38]. Bioactive glasses are used for multiple
medical applications, such as non-load-bearing implants,
bone cements, etc. [39]. However, due to their poor me-
chanical properties, these glasses cannot be used in load-
bearing implants. The use of bioactive glasses has two
main applications — to improve the osseointegration of
implants and to protect the metal from corrosion caused
by tissue fluids [40].

Bone morphogenic proteins (BMPs) are potent
stimulators of osteogenesis and play a crucial role in regu-
lating bone formation and repair. Laponite is defined as a
synthetic product but on a natural basis, which occurs in
calcite clay, layered magnesium lithium silicate,
hectorite, etc., and when hydrated by water has the prop-
erties to disperse. Laponite disks have an affinity for bind-
ing to proteins through various mechanisms, including
interlamellar and hydrophobic, as well as electrostatic
interactions. These properties have utility in the thera-
peutic delivery of proteins on a sustained-release basis.
It has been proven that the use of laponite does not cause
toxicity, and it has been demonstrated that nanoclays are
effective in binding and delivering growth factors for lo-
calized tissue maintenance, as well as for the formation
of new blood vessels at the site of injury based on the
localization of vascular endothelial growth factor [30].

CONCLUSIONS

In summary, serious complications in orthopaedic
and maxillofacial surgery are commonly associated with
failure of osseointegration and peri-implant infection.
Current research shows progress in bioregenerative medi-
cine and highlights the biomedical properties of a number
of materials capable of being applied as coatings for im-
plants and tissue engineering scaffolds.

Chitosan is a promising biomaterial for use as a
surface coating on medical implants due to its
biocompatibility, biodegradability, and ability to promote
tissue regeneration. Bioactive glass coatings offer a range
of significant advantages for biomedical implants, includ-
ing osteoconductivity, osteoinductivity, and the ability
to stimulate tissue regeneration. Its ability to form a bone-
like hydroxycarbonate apatite layer and its ion-releasing
behavior make it an excellent choice for enhancing bone
integration and improving healing outcomes. To increase
mechanical stability, synthetic clay laponite has a sig-
nificant influence as a basic material for building the in-
dividual layers for assembling a 3D scaffold.
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