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The versatility of Laponite® (LAP), given by its layered structure, makes it one 
of the most investigated and used clays. LAP is a synthetic cationic clay, from the 
smectite class, with particles size of 25–30 nm in diameter and about 1 nm thickness. This 
clay is biocompatible, bioactive and has the capacity to swell in water, to adsorb/ desorb 
large or small molecules, to adhere to cells favouring their growth, to improve the 
mechanical toughness of the materials in which it is incorporated, etc. The aim of this brief 
review is to present the most recent and relevant data concerning the structure and properties 
of LAP and its use in designing drug delivery systems, wound dressings, tissue engineering/ 
regenerative materials, biosensors and other advanced recent applications, such as 3D 
printing for fabrication of scaffolds, and nanomedicine for diagnosis and treatment. 
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1. INTRODUCTION 

In latest years, smectite clays have attracted tremendous attention of scientists 
for new systems design, due to their low cost, large availability and properties 
induced to the material that encompasses them [1]. 

The high adsorption capacity and high ability to cationic exchange are 
important properties of smectite clays for their application in cosmetics, household 
cleaners, pharmaceutical and medical field. 

Laponite (LAP) is a synthetic smectite clay preferred to natural clay in the 
realization of new materials for biomedical and cosmetic applications, due to its 
high purity and thickening properties [2]. 

By its incorporation into responsive polymeric hydrogels, drug delivery 
systems or biosensors can be prepared, due to its capacity to adsorb/ desorb water 
under a stimulus influence. The presence of LAP nanoparticles into hydrogel 
strengthens the polymer network by establishing additional physical interactions 
between polymer chains and clay particles. Such reinforcement of polymer 
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network improves the mechanical properties of hydrogels, recommending their 
application as wound dressings, tissue scaffolds and artificial tissues. It is known 
that LAP addition increases hydrogel surface roughness, granting a good adhesivity 
to soft tissues or skin, a property required in developing wound dressing materials. 

The present paper makes a brief presentation of the recent advanced hybrid 
systems based on LAP, applicable in biomedical fields (i.e., drug delivery, tissue 
engineering, regenerative medicine, wound dressings, biosensors). A short 
description of LAP structure is also presented in the first part of the paper, in order 
to understand the role of clay in the further mentioned hybrid nanocomposites. 

2. LAPONITE® STRUCTURE 

Laponite
® 

(BYK Additives Ltd), with chemical formula 
Na0.7[(Si8Mg5.5Li0.3)O20(OH)4], belongs to 2:1 phyllosilicates, having a crystal 
structure formed of a magnesium octahedral sheet between two silicon tetrahedron 
sheets (Fig. 1a) [3]. Some magnesium ions (Mg

2+
) are partially substituted with 

lithium (Li
+
) and the surface of clay platelets is negatively charged. LAP primary 

particles have disc-like shapes, with thickness and diameter about 1 nm and 25–30 

nm, respectively. A single LAP platelet is constituted of about 1,100  100 unit 

cells, corresponding to a molecular weight of 710
5
  910

5
 g/mol [4,5]. LAP 

primary discs are stacked and the negative charges on particles surface are balanced 
by the Na

+
 ions between interlayers (Fig. 1b). 

 
Fig. 1. Schematic representation of (a) single LAP nanoplatelet  

and (b) nanoplatelets exfoliation in water. 
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These stacks delaminate in water and the clay disperses as individual discs 
with a strong negative charge on their surface and a weak positive charge on their 
edges. For LAP concentrations (cLAP) lower than 2% and pH<9, degradation of 
LAP particles into non-toxic components was observed, according to the following 
reaction [6]: 

 

Na0.7[(Si8Mg5.5Li0.3)O20(OH)4] + 12H
+
 + 8H2O 

 
0.7Na

+
 + 8Si(OH)4 + 5.5Mg

2+
 + 0.3Li

+
 

 

LAP aqueous dispersions show a complex phase diagram, about which 
scientists still debate. Most researchers consider that dispersions with clay 
concentrations below 3% are initially in the liquid phase and that, after a certain 
resting time (“aging time”), which depends on clay concentration, they exhibit the 
following physical states: i) phase separation in clay-poor phase and clay-rich 
phase, for cLAP ≤ 1%; ii) gel state, due to the attraction interactions between clay 
nanoplatelets, for 1% < cLAP < 2%; iii) repulsive glass state, where dominant are the 
repulsive interactions between clay particles, for 2% < cLAP < 3% [7]. A nematic 
gel is formed at LAP concentrations higher than 3%. The sol-gel transition depends 
on clay concentration, temperature and addition of salts or polymer [8–12]. 

3. LAPONITE® – BIOMEDICAL APPLICATIONS 

LAP clay is a potential candidate for various applications in biomedical areas 
due to its unique properties: biocompatibility, high capacity to cationic exchange 
and ability to swell into water, its blood clotting ability promoting haemostasis. In 
the following, a brief review of the most important up-to-date biomedical 
applications of LAP-based materials is presented. 

3.1. DRUG DELIVERY 

Elaboration of systems able to control the drug release, in order to solve the 
medical problem for which they were designed, remains a major challenge for 
researchers in the biomedical field. Due to its structure, LAP can adsorb drugs 
within its interlayer spaces and release them under certain environmental 
conditions. The ability of LAP to adsorb/ desorb antibacterial molecules was used 
for designing materials for healthcare applications (for example, wound dressings, 
drug delivery systems, etc.). 

New nanohydrogels based on sodium phosphate salts, polyacrylate and LAP, 
able to release individual drugs or mixtures of drugs, were developed by the inverse 
miniemulsion technique [13]. These nanohydrogels are uptaken by the cancer cells 
and, at pH value of 5.5, they swell and change their size from 100 nm to 1,500 nm, 
burst and disintegrate, releasing the antineoplastic drugs. It was proved that these 
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new hydrogels are biocompatible, biodegradable, non-cytotoxic and effective in 
killing HeLa and MCF-7 cancer cells. 

Basu et al. designed a LAP/DNA hydrogel crosslinked with oxidized 
alginate, which had the capacity to function as a delivery vehicle for hydrophobic 
drugs (Fig. 2) [14]. 

 

Fig. 2. Preparation of LAP/DNA/alginate injectable hydrogel – adapted from [14]. 

The hydrogel is formed, on one hand, by crosslinking of DNA (with NH2 groups) 
and oxidized alginate (with CHO groups), leading to reversible imine linkages, 
and, on the other, by the electrostatic interactions between LAP nanoplatelets and 
the negatively charged DNA which give physical crosslink points. 

Hydrogels suitable for applications in controlled drug delivery were obtained 
by physical crosslinking with LAP of a semi-interpenetrating network based on 
poly(vinyl alcohol) (PVA)/poly(N-isopropylacrylamide) [15]. The hydrogel containing 
3% LAP and 1.5% PVA exhibited good mechanical properties, fast thermal response 
rate and good swelling capacity, being recommended for controlled drug release. 

The effect of LAP nanoplatelets in the absence/ presence of antimicrobial 
peptide LL-37 (positively charged) on bacteria was investigated recently by 
Malekkhaiat Häffner et al. [16]. Peptide LL-37 binds to clay platelets surface 
developing a helix conformation favoured by the pH increase. Moreover, the pH 
increase determines the increase of the negative charge of nanoplatelets, favouring 
binding of the antimicrobial positively charged peptide LL-37. LAP nanoplatelets 
do not disrupt Escherichia coli bacteria (gram-negative), yet they cause the 
formation of bacterial flocculants. In the presence of LL-37, the bacterial 
membrane is disrupted, and bacterial aggregation occurs. No aggregation 
phenomena were observed in the presence of gram-positive bacteria (Bacillus 
subtilis). The ability of LAP nanoparticles to aggregate bacteria can be used as a 
strategy to limit the extension of infection and subsequent inflammation. 

For encapsulation and release of proteins, injectable alginate hydrogels were 
obtained by a cryogelation process of alginates coupled to norbornene (Alg-N) or 
tetrazine (Alg-T), in the presence of LAP/protein mixture [17]. The protein was 
adsorbed onto LAP platelets incorporated in the alginate network (Fig. 3). 
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Fig. 3. Schematic representation of protein loading/release  
in LAP/alginate-based cryogels – adapted from [17]. 

The protein release profile can be tailored by adjusting clay concentration. 
The increase of LAP concentration in the initial clay/ protein mixture, subsequently 
used for alginate hydrogel preparation, determines increasing of nanoplatelets surface 
able to adsorb the proteins, hindering their release. Generally, most proteins do not 
interact with alginate chains, showing burst release kinetics from alginate hydrogel. 
Thereby, protein release kinetics can be tuned by finding the optimal clay/ alginate ratio. 

Injectable heparin (with low molecular weight)/ Poloxamer 407/LAP hydrogels 
loaded with doxorubicin demonstrated very good in vitro and in vivo antitumor 
efficacy [18]. The presence of Poloxamer 407 confers to the hydrogel sensitivity to 

temperature changes, showing sol-gel transition at 37C (Fig. 4). The positive 
doxorubicin molecules were adsorbed onto the negative surface of LAP platelets 
through an ion-exchange mechanism. 

 

Fig. 4. Preparation of LAP/Heparin/Poloxamer 407 thermosensitive hydrogel – adapted from [18]. 
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Nanosystems based on LAP were developed and loaded with two different 
anticancer drugs, i.e. methotrexate and doxorubicin. These drugs were then 
sequentially released and their release rate was accelerated under both extracellular 
acidity initiated by tumours and/ or by heating treatment [19]. 

3.2. WOUND DRESSINGS 

Since prehistoric times, clays were used as natural remedies for skin wounds 
healing, soothing of irritations, stopping haemorrhages or skin cleaning. Clays are 
known as materials with anti-inflammatory, astringent and absorbent properties. 
Also, clays have been used in the treatment of malaria or stomach problems [20]. 
Considering the beneficial effect of clays on human health proven over time, 
scientists introduced clays as components in various pharmaceutical formulations 
or medical devices. 

In recent years, the researches concerning the incorporation of LAP into 
(polymer-based) wound dressings have received more attention. Clay–antibacterial 
composites based on LAP and ciprofloxacin were developed and investigated as 
possible candidates for designing drug delivery systems [21]. LAP is able to adsorb 
almost instantly high concentrations of ciprofloxacin, preserving its activity against 
Staphylococcus epidermitis and Propionibacterium acnes. Thereby, nanohybrid 
hydrogels based on PVA and LAP were investigated as possible candidates for 
wound dressings. Cytocompatibility, hydrophilicity and mechanical properties of 
PVA are characteristics which make this polymer a promising choice in designing 
materials with biomedical applications (i.e., wound dressings, heart scaffolds, 
vascular networks) [22–24]. 

Golafshan et al. developed a new nanohybrid hydrogel based on 
LAP/PVA/alginate (PVA/alginate = 1/1) by incorporating LAP into the network 
formed by PVA and sodium alginate crosslinked covalently and ionically, respectively 
[25]. Optimal LAP concentration was established at 0.5%, when the hydrogel 
showed good swelling properties and reduced degradation ratio. Addition of LAP 
determined enhancement of the mechanical properties and blood coagulation activity. 

Incorporation of LAP into rifampicin-loaded PVA, crosslinked by the 
freezing/ thawing procedure, increased the antibacterial activity against gram-
negative (Escherichia coli) and gram-positive (Staphylococcus aureus) bacteria. 
The good mechanical properties, structural regeneration capacity after a high 
deformation of about 90%, water absorption capacity of 900% and their 
antibacterial activity make these hydrogels possible candidates for the design of 
wound healing dressings [26]. Glutaraldehyde-crosslinked PVA hydrogels 
(obtained for CHO/OH = 0.02), with 0.5% LAP, showed suitable properties (i.e., 
high elasticity and flexibility, good transparency, high surface roughness, high 
swelling degree) to be used for tailoring of wound dressings [27]. 

By the freeze-drying technique, chitosan (CS)/LAP nanocomposite scaffolds 
with properties necessary for their application in skin regeneration were obtained 
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by Gonzaga et al. [28]. The LAP presence in the scaffolds significantly improved 
the mechanical properties, cell adhesion, in vitro bioadhesive strength and porosity. 
It was established that 5% LAP is the optimal concentration in CS/LAP 
nanocomposite scaffolds to obtain the best structural and biological properties for 
application as wound dressing. 

The gellan gum methacrylate/LAP hydrogels exhibited a lower swelling 
degree, due to the additional interactions between clay platelets and drug molecules 
(i.e., ofloxacin), which led to a slower drug diffusion rate than that of clay-free 
hydrogels. These biocompatible hydrogels could be used as support materials for 
wound dressings, being able to ensure healing of skin wounds caused by chronic 
infections [29]. 

Lokhande et al. reported the preparation of an injectable haemostat based on 

kappa-carrageenan (-CA) by its physical and ionic crosslinking with LAP 
platelets and potassium chloride, respectively (Fig. 5) [30] 

 

Fig. 5. Preparation of -CA/LAP nanocomposites with improved stability  
in physiological conditions – adapted from [30]. 

LAP platelets’ presence enhanced hydrogels stability in physiological conditions 
and accelerated twice the clotting time. These hybrid hydrogels could be used in 
designing of wound dressings for their high capacity to reduce haemorrhage and to 
heal wounds. 

Hydrogels with properties suitable for biomedical applications in treating and 
healing wounds were designed by combining LAP with alginate and an antimicrobial 
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component (i.e., mafenide) [31]. Mafenide molecules are intercalated between clay 
platelets by a cation exchange mechanism which assumes replacement of Na

+
 

cations from LAP interlayers with the cationic drug. Release of Mg
2+

 cations from 
LAP structure was observed in simulated wound exudate fluid. The presence of 
Mg

2+
 ions favours the wound healing process by increasing the cell growth rate, 

and reduces the cytotoxicity of mafenide on fibroblast cells. 

3.3. TISSUE ENGINEERING 

LAP is a promising material which, alone or in combination with various 
polymers, is viable for tissue engineering applications. Its capacity to interact with 
protein and its osteogenesis properties are the main reasons for which scientists 
considered LAP a possible candidate for tailoring of biomaterials. 

Adsorption of poly(ethylene oxide) (PEO) on the LAP platelets surface was 
intensively investigated, due to the unique physical properties which PEO/LAP 
dispersions exhibit (i.e., aging effect, shake-gel behaviour) [32–34]. 

An injectable hydrogel, containing a poly(ethylene glycol) (PEG)-based 
copolymer with imide blocks and LAP, with mechanical and structural properties 
suitable for articular cartilage, was obtained by Nojoomi et al. [35]. By addition of butane 
diamine (BDA) in a concentration below the toxic level, a crosslinked network was 
formed via an imide ring-opening mechanism. LAP presence in hydrogels slightly 
decreases the cell viability of scaffolds, while remaining higher than 80%, which 
indicates a reasonable biocompatibility. This cell viability diminution was 
attributed to the interactions between BDA molecules and clay platelets through 
ionic bonding. Injectable hydrogels with enhanced fibroblast cell adhesion, 
biocompatibility and biodegradability, applicable as articular cartilage scaffolds, 
were prepared by CS incorporation into PEG/LAP hydrogels [36]. Moreover, CS 
addition improves the viscoelastic properties of PEG/LAP hydrogels, due to the 
additional interactions established among the CS chains, CS-PEG and CS-clay [37]. 
LAP and CS favour the development of a mineralized extracellular matrix [38]. 

Recently, Zhang et al. reported the preparation of a supramolecular hydrogel 
based on guanidinylated CS and LAP for bone regeneration applications [39]. The 
supramolecular networks of these hydrogels are formed via salt-bridge by hydrogen 
bonds and electrostatic interactions between the guanidine ions from guanidinylated 
CS and oxyanions on LAP platelets surface. Hydrogels containing 3% LAP 
exhibited self-healing characteristics, injectable properties and high osteoinductivity. 

An injectable system based on poly(ethylene glycol) diacrylate and LAP for 
tissue engineering was developed by Chang et al. [40]. These nanocomposite 
hydrogels showed enhanced mechanical properties, supported cell adhesion and 
spreading of stem cells on a 2D culture. For PEG/LAP systems, the clay and 
polymer concentrations, polymer molecular weight, temperature and resting time 
are important parameters for obtaining materials with the properties required for 
various medical applications [10,11]. 
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Hydrogels, which can be used as synthetic matrices or scaffolds for tissue 

engineering, were developed by Mignon et al. through UV-crosslinking of some 

acrylate-endcapped urethane-based PEG precursors, in the presence of up to 1% 

LAP [41]. The obtained materials showed a Young's modulus between 0.1 MPa 

and 0.6 MPa, and an elasticity of about 95%. The materials containing 1% LAP and 

synthetic polymers with PEG backbone of 2,000 g/mol promote cell attachment and 

proliferation (up to 60%), being thus suitable for tissue regeneration applications. 

Recently, Dong et al. developed artificial ligaments through incorporation of 

LAP into regenerated silk fibroin [42]. Although LAP incorporation leads to a 

slight decrease of the comprehensive mechanical properties, silk fibroin/LAP fibres 

were better than those obtained from degummed natural silkworm silks and 

regenerated silk fibroin. 

Polycaprolactone/poly-DL-lactic acid/LAP (90/10/1) biodegradable composites 

were investigated for designing an implantable device in the treatment of obesity 

and type-2 diabetes [43]. Implantation of this device in rats determined the control 

of body weight and blood glucose. 

Scaffolds for bone tissue engineering were designed by addition of LAP and 

of an antimicrobial peptide into poly(glycerol sebacate)-co-poly(ethylene glycol) 

block copolymer [44]. Polycaprolactone was also included into scaffolds in order 

to ensure the chain entanglements suitable for electrospinning process. LAP and 

the antimicrobial peptide give to scaffolds osteoinductive and antimicrobial 

properties, respectively. A slight decrease of mechanical properties was observed 

by clay addition, yet the mechanical parameters remained in the range accepted in 

bone tissue engineering. The activity and mineralization of alkaline phosphatase 

(an indicator used in evaluation of osteoblastic differentiation and mineralization) 

were enhanced through addition of LAP, which proves the possible use of these 

scaffolds for bone tissue regeneration. 

A recent investigation reported the possibility to prepare an injectable 

hydrogel containing LAP for application in dentistry. Thereby, injectable hydrogel 

microspheres (about 350 ~ 450 μm), based on arginine-glycine-aspartic acid (RGD) 

conjugated to sodium alginate (RGD-alginate) and LAP, were developed by Zhang 

et al. for endodontic regeneration [45]. The subcutaneous implantation in a mouse 

model of tooth slices and RGD-alginate/0.5% LAP hydrogel microspheres, which 

encapsulated human dental pulp stem cells and a vascular endothelial growth factor, 

showed both pulp-like tissues regeneration and new micro-vessels formation within 

1 month. 

3.4. BIOSENSORS 

Biosensor devices, which consist of bioreceptor, base material, transducer 

and electronic system, are able to detect and convert the biochemical changes to a 

signal which can be measured and analysed (Fig. 6). 



 Simona Morariu and Mirela Teodorescu 28 150 

 

Fig. 6. Schematic representation of a biosensor based on LAP – adapted from [46]. 

In latest years, hydrogel-based biosensors drew researchers attention due to 

their enormous applicative potential in the biomedical field [46]. LAP, due to its 

cation exchange ability, can function as a matrix for electroactive ion transfer. The 

clay, deposited as a film onto the electrode surface, immobilizes the bioreceptors 

(i.e., cell/ bacteria, redox proteins, DNA, antibody, etc.) by covalent bonds, 

intercalation, physical adsorption, etc. The biological reaction between sample analyte 

and immobilized bioreceptors is converted into a signal (i.e. electrochemical signal, pH, 

heat, light, etc.) quantified and registered by the electronic system as an electric signal. 

One of the first papers concerning the use of LAP in designing biosensors 

refers to the development of an amperometric glucose biosensor [47]. Glucose 

oxidase was incorporated into a LAP gel deposited onto platinum electrodes, after 

which it was exposed to glutaraldehyde vapours in order to crosslink the enzymes. 

The high stability over a long time (up to 100 days) and at temperatures up to 50C 

demonstrated the possibility of using these biocomposite materials as biosensors. 

A potential applicable biosensor with high sensitivity for testing of urea from 

urine and blood was developed by immobilization of urease into LAP film through 

crosslinking with glutaraldehyde [48]. The electrochemical properties of glucose 

oxidase/LAP hydrogel film were improved by incorporation of thymine-based 

polycations (vinylbenzyl thymine/vinylbenzyl triethylammonium chloride) [49]. 

By deposition of LAP/1-ethyl-3-methyl imidazolium chloride (ionic liquid) film on 

indium-tin-oxide coated glass plates, an electrochemical biosensor for the 

determination of ascorbic acid, cholesterol and oxalic acid was developed by Joshi 

et al. [50]. 

Extensive descriptions of LAP-based biosensors can be found in the reviews 

published by Mousty [51] and Tavakoli et al. [52]. 
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3.5. RECENT MEDICAL TRENDS 

Recently, the researchers investigated the possibility to use LAP 

nanoplatelets for the elaboration of new materials efficient in cancer therapy and 

diagnosis, having minimal side effects. In this regard, Wu et al. targeted the 

incorporation of this nanoclay in a photoabsorbing agent for the development of a 

material used in photothermal cancer therapies [53]. 

In latest years, a new method to design various structures for orthopaedic 

applications has gained attention (e.g., the 3D technology) [54]. 3D bioprinting can 

be used both in repair of organs or tissues with defects, and in the fabrication of 

viable structures for transplants. 3D constructs mimic the native extracellular 

matrix promoting regeneration of cell or tissues. 

LAP is a versatile printing material which, in mixture with alginate, was used 

in the preparation of soft materials with 3D architectures [55]. An optimal 

LAP/alginate mixture was printed by 3D extrusion, after which the sample was 

ionically or ionic-covalently crosslinked, to obtain single or double networks. The 

single network (SN) was obtained by further immersing of LAP/alginate sample into a 

0.1 M CaCl2 aqueous solution. The double network was realized by immersion of 

SN gel into an acrylamide (as monomer)/N,N’-methylenebisacrylamide (as 

crosslinker)/2-hydroxy-4’-(2-hydroxyethoxy)-2-methylpropiophenone (as photoinitiator) 

mixture, followed by its UV crosslinking. 

Mixtures of LAP with alginate and methylcellulose were used to build 

scaffolds for tissue engineering applications [56]. LAP presence increased the 

printability and shape fidelity, and it was beneficial for the controlled release of the 

biologically active compounds. 

Recently, Dening et al. reported the possibility to use spray-dried LAP 

particles as a novel anti-obesity treatment, as a result of the high adsorptive 

capacity of smectite clays [57]. It was proved that LAP particles adsorb dietary 

lipids and reduce weight gain, with few adverse effects. 

The hydrophobicity and potential of the sorbent/ sorbate surfaces determine 

the adsorption capacity of bacteriophages to clays [58]. Most investigations on 

adsorption of viruses on clay nanoplatelets were made on nonenveloped viruses, 

although many viruses in the environment are enveloped (for example, 

coronavirus). Thereby, Block et al. studied the interactions between smectite clay 

and bacteriophage cystoviridae species φ6 used as a model for enveloped human 

viruses [59]. In the presence of smectite clay, the virions are caught between the 

clay platelet layers or are attached on platelets edges. Further, the virions swell and 

disassemble, leading to the partial or total loss of their envelope, which suggests 

that smectite clay could reduce infectivity. 
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4. CONCLUSIONS AND PERSPECTIVES 

LAP represents a promising nanomaterial due to its exceptional properties, 

such as biocompatibility, ability to form gels by physical crosslinking, high surface 

area and high capacity to cationic exchange. Moreover, non-toxicity of the 

compounds resulted after its degradation in physiological pH condition and its 

osteoinductive properties have attracted the attention of researchers interested in 

the elaboration of biomedical materials or devices. 

The ability of LAP nanoplatelets to interact with various molecule types 

offers new perspectives in drug delivery/ wound healing applications. From this 

perspective, researchers are interested in formulation of new LAP-based support 

materials which can ensure a high stability of the product and a well-controlled 

release of drug. 

Knowing the capacity of this nanoclay to interact with various enzymes, the 

design of new stable hydrogel-based biosensors, which can be used in the first 

diagnosis stage, for the identification of small molecules (i.e., cholesterol, glucose, 

urea) represents an open challenge for researchers. 

Incorporation of LAP (found to have bioactive and osteoinductive properties) 

into different synthetic materials remains an interesting path in designing of new 

nanocomposites for tissue engineering and regenerative medicine. Designing 

advanced biological systems for various biomedical applications by applying 4D 

printing technology represents a new perspective for the development of scaffolds, 

bioactuators, biorobots or other smart medical devices [60,61]. 

In the context of the current global pandemic, LAP could be considered for 

the development of biomedical systems used both in prevention and healing of 

COVID-19 infection, due to its high microorganisms absorption properties [62]. 

LAP remains a nanomaterial of interest for developing new medical 

materials/ devices applicable in the top fields of modern medicine. 
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