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Abstract: Magnesium alloys are widely studied as 

biodegradable implant materials because they reduce 

stress shielding and eliminate the need for secondary 

surgery. However, their rapid degradation can cause 

premature failure and structural instability. To address 

this, researchers have focused on controlling corrosion 

behavior, particularly by incorporating ceramic 

reinforcements into the magnesium matrix. These 

reinforcements enhance mechanical strength and 

corrosion resistance, making magnesium-based 

composites promising for biomedical applications. 

Nevertheless, achieving uniform dispersion of ceramic 

nanoparticles while maintaining desired properties 

remains challenging. Selecting suitable ceramic 

reinforcements based on specific biomedical 

requirements is essential to control corrosion effectively. 

This work reviews the influence of various ceramic 

reinforcements on the in vitro bioactivity and corrosion 

performance of magnesium composites, highlighting 

recent advances and future research directions. 

Keywords: Magnesium alloys; Degradation; 

Reinforcements; Corrosion Behaviour 

1. INTRODUCTION 

Heart valves, orthopaedic implants, stents, orthodontic 

appliances, biosensors, drug delivery systems, artificial skin, 

and tissue regeneration applications are just a few of the 

medical implants that make the substantial use of 

biomaterials [1-3]. As a result, these materials must have 

good mechanical qualities, corrosion resistance, 

osteoconductivity, a sufficient coefficient of friction, and 

outstanding biocompatibility, biofunctionality, and bio-

adhesiveness [1]. Ceramics, polymers, metals, and 

composites are the general categories of biomedical 

materials (Fig.1). However, the commercial sector only 

offers very small amounts of biomaterials based on 

ceramics.  

 

Figure 1: Different types of Biomaterials 

1.1 Magnesium Alloy Application in Biomedicine  

 

Magnesium-based alloys are widely used in biomedicine, 

aerospace, automotive, electronics, and energy storage 

applications. In the biomedical field, they are classified as 

third-generation biomaterials due to their biodegradability in 

simulated body fluids (SBF). Recent research focuses on 

cellular responses and the interaction between corrosion 

products and surrounding tissues [4,5]. Studies have 

examined the effect of reinforcements on the corrosion 

behavior of biodegradable orthopaedic implants[6]. 

Magnesium alloys promote bone strengthening and 

improved interfacial bonding and are used in fixation 

devices such as plates, screws, and fasteners. Recent 

findings also indicate that Mg-alloy implants do not damage 

vital organs and cause only minor changes in body fluid 

parameters after six months of implantation. [7] 

 

2. DEVELOPMENT OF BIODEGRADABLE 

MATERIALS FOR IMPLANTS 

 

Metallic biomaterials are increasingly used for temporary 

implants (screws, plates, pins, rods, and wires) and 

permanent implants (hip and joint replacements and 

prostheses).Magnesium has been used for over a century as 

a biodegradable implant material in both in vitro and in vivo 

studies. Biocompatibility evaluations show that magnesium-

based biocomposites are more compatible than traditional 

metallic composites. As the fourth most abundant element in 

the human body and an essential nutrient, magnesium plays 

a vital role in developing biodegradable materials. [8-10].  
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2.1. Biomaterials Based on Metals 

 

Most studies focus on the corrosion behavior of magnesium 

composites. Modern approaches aim to control their 

degradation so fractured tissue can heal without secondary 

implant removal surgery. The rising demand for 

biodegradable magnesium materials, particularly for 

orthopaedic implants and cardiovascular stents, is driven by 

ageing and increasing obesity.  

A reinforced composite contains a matrix and a 

reinforcement phase. Magnesium degradation products can 

be excreted through the urinary system, reducing toxicity 

and side effects. Therefore, choosing biologically suitable 

reinforcements is essential, as magnesium-based composites 

provide improved mechanical properties along with 

controlled corrosion in biological environments. 

 

 
 

Figure 2: Key aspects related to metallic biomaterials 

 

2.1.1. Stainless Steel  

 

The maximum carbon percentage of biomedical-grade 

stainless steels is usually 0.02%. Corrosion resistance is 

greatly improved by adding 2-3 weight percent of 

molybdenum. Although research has shown that 316L 

stainless steel is suitable for medical implants, the amount of 

nickel in austenitic stainless steels has been linked to 

toxicity and allergic responses [11]. Additionally, 316L 

stainless steel has been observed to experience cracking due 

to stress corrosion and crevice corrosion, especially when 

nonmetallic impurities are present [12].  

 

2.1.2. Alloys of Cobalt and Chromium  

 

As cobalt-chromium (Co-Cr) alloys are more wear resistant 

than titanium and stainless steel alloys, so they are 

frequently utilised in load-bearing orthopaedic applications, 

such as hip and ankle joint implants [12]. In metal-on-metal 

(MoM) implant systems, where combined cobalt and 

chromium contribute to improved corrosion resistance, Co–

Cr alloys are frequently used. Nanoscale wear particles with 

diameters that range from 20 to 60 nm are released by these 

implants at a rate of about 10¹²–10¹¹ particles annually. 

 

2.1.3. Alloys of Titanium  

 

Titanium has outstanding biocompatibility, high strength, 

and a density of about 48 g/cm³.Titanium and its alloys are 

ideal for orthopaedic applications due to their great 

resistance to corrosion and nonmagnetic nature [13, 14]. 

However, there is still a lot of research being done to 

improve the tribological properties of titanium alloys [22]. 

 

2.1.4. Materials Based on Magnesium  

 

Since 1878, magnesium and its alloys have been used in 

medical applications. [15]. Magnesium implants can fully 

biodegrade after fulfilling their mechanical role. For 

conditions such as fractures, dental defects, trauma, and 

coronary artery disease, materials must ensure controlled 

degradation, mechanical strength, and biocompatibility. 

Material selection depends on the specific use. Magnesium 

coronary stents have shown safe, complete degradation in 

about four months with good results [16-19]. Ideally, 

vascular stents should degrade over 6–12 months while 

maintaining arterial support [20, 21]. Several biodegradable 

magnesium stents are commercially available for restoring 

blood flow in damaged arteries. are depicted in Fig.3 [16, 

22,23] 

  

                                                                           

Figure 3: Mg-based biomedical devices are shown in Fig. 3: 

(a) Biodegradable magnesium bone implants [38]; (b–d) 

orthopaedic fixation components, (e) pure magnesium 

microclips used in laryngeal surgery [25]; (f) surgical 

sutures [26]; and (g) additional medical instruments and 

dental applications [27]. 

3. CONDITIONS FOR THE DEVELOPMENT OF 

MAGNESIUM COMPOSITES 

 

Pure magnesium has been developed as a biodegradable 

metallic biomaterial. Recently, magnesium alloys with 

improved mechanical strength and corrosion resistance have 

gained attention for structural and biomedical uses. [28]. 

Alloys with controlled degradation rates are especially 

suitable for implants. To meet growing surgical demands, 

new magnesium-based composites have been introduced, 

particularly those reinforced with bioceramic particles due 

to concerns about the flammability of some alloying 

elements. [29,30]. Magnesium-based composites are highly 

biocompatible, as magnesium is a natural and essential 

element in the human body, supporting bone and soft tissue 

development. [31]. The recommended daily magnesium 

intake for adults is about 210–280 mg, with supplements 

typically ranging from 250–350 mg. [32].  Excess 
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magnesium is safely excreted through the urinary system, 

minimizing toxicity risk. 

 

4. FREQUENTLY UTILISED REINFORCEMENTS 

 

Various reinforcements are used to improve the mechanical 

performance of magnesium-based composites for 

biomedical applications. A key challenge in developing 

biodegradable metal matrix composites is selecting eco-

friendly, bioactive, and biodegradable particles. The choice 

of reinforcement strongly affects the composite’s strength 

and degradation rate in physiological conditions. [33,34].  

Bioactive ceramic particles are widely used to enhance 

corrosion resistance, bioactivity, and tissue interaction. For 

hard tissue applications, materials often mimic the mineral 

composition of natural bone. [35,36].  Common ceramic 

reinforcements for magnesium-based biomedical composites 

include TiO₂, ZrO₂, hydroxyapatite (HAp), calcium 

pyrophosphate (CPP), bioactive glass (BG), ZnO, and MgO. 

A. Hydroxyapetite-Based  Magnesium Composites 

Hydroxyapatite (HAp) is widely used in magnesium-based 

implants due to its strong osteoconductive properties. It can 

chemically interact with surrounding bone tissue to produce 

a strong interfacial connection because of its exceptional 

biocompatibility, non-toxicity, and capacity to promote bone 

cell adhesion and proliferation [37]. Mg–3Zn/HAp 

composites have been studied for their biological behavior, 

corrosion resistance, and mechanical performance [28]. 

SEM images show that HAp promotes the formation of 

apatite layers during immersion in simulated body fluid, 

with thicker layers forming over time [28]. 

Compared to pure magnesium, composites with 5 wt. % 

HAp developed a thicker apatite layer and exhibited slower 

degradation. However, composites with 10 wt.% HAp 

showed localized corrosion after 28 and 56 days, leading to 

partial detachment of the apatite layer. [28]. 

 

Figure 4: Presents SEM micrographs of magnesium 

composite structures after immersion for different time 

intervals: 3 days (a–c), 7 days (d–f), 14 days (g–i), 28 days 

(j–l), and 56 days (m–o) [28]. 

B. Composites made of magnesium and bioactive glass 

(BG): 

Bioactive materials such as fluorapatite, hydroxyapatite, and 

especially bioactive glass (BG) are widely used to reinforce 

magnesium-based implants due to their excellent 

osteocompatibility. Among them, BG is superior because of 

its higher solubility and biocompatible degradation products. 

[38].  Incorporating BG into magnesium alloys (e.g., ZK30) 

significantly improves corrosion resistance, bioactivity, 

microhardness, and cell viability, with 10 wt.% BG often 

showing optimal performance.[39]  

 

C. Composites made of magnesium and calcium 

poyphosphate 

 

Calcium polyphosphate (CPP) is a bioactive calcium 

phosphate material structurally composed of linear  

phosphate chains and is an essential inorganic component of 

bone and teeth.  When used as reinforcement in magnesium-

based composites, CPP enhances compressive strength by 

refining grain size and provides controlled in vivo 

degradation[40,41]. Mg/CPP and ZK60A/CPP composites 

show good mechanical properties suitable for load-bearing 

orthopedic implants and can withstand high temperatures 

[34,42]. However, higher CPP content (10%) may cause 

interfacial debonding and pore formation, affecting fracture 

behavior. 

 

 
 

Figure 5: SEM micrographs of the tensile fracture surfaces 

of (a) the ZK60A alloy and its composites reinforced with 

(b) 5 weight percent and (c) 10 weight percent calcium 

polyphosphate (CPP)  [42] 

D. Composites of magnesium and zinc oxide (ZnO)  

 

In biological applications, such as bioimaging, zinc oxide 

(ZnO) has generated substantial interest. It has been 

demonstrated that nano-ZnO has potent antibacterial 

qualities and increases osteoblast development and bone 

formation [43,44]. Powder metallurgy methods have been 

used to create Mg/ZnO composites. Research shows that 

adding ZnO particles improves overall mechanical 

properties and hardness. Ductility was marginally decreased 

by 1.43% when 20 weight percent ZnO was added [91]. 
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Mg–xZnO composites exhibit better resistance to corrosion 

than pure magnesium, according to corrosion tests [45].  

 

E. Composites of magnesium and magnesium oxide (MgO)  

Magnesium oxide (MgO) is biodegradable in the body and 

mainly breaks down into Mg(OH)₂. Due to its good 

mechanical strength, thermal stability, antibacterial 

properties, and biodegradability, MgO is an effective 

reinforcement for magnesium composites.[46]Adding MgO 

improves mechanical strength, corrosion resistance, and 

biological performance. Even a small amount (1 vol.%) of 

MgO nanoparticles significantly increases tensile strength 

and hardness.[47] 

F. Composites of magnesium and titanium dioxide (TiO₂)  

 

The enhanced resistant to corrosion and bioactivity of 

magnesium/TiO₂ composites have drawn a lot of interest 

[101]. The Mg/TiO₂ combination is extremely useful for 

biomedical applications since both Mg and TiO₂ are bio-

inert and Mg is biocompatible. After creating an AZ80-1 

weight percent TiO₂ nanocomposite, Khosroshahi et al. [49] 

found that the addition of TiO₂ decreased grain size and 

raised ultimate tensile strength. Similarly, adding 2.5 vol.% 

TiO₂ to pure magnesium increased ultimate tensile strength 

by 9% and fracture strain by 31% [50].  

 

G. Composites of magnesium and zirconium dioxide 

(ZrO₂)  

 

Adding ZrO₂ particles to magnesium composites improves 

their mechanical properties and makes them more suitable 

for biomedical use.[51] ZrO₂ is strong, tough, and resistant 

to fracture, making it an effective ceramic 

reinforcement.[105] Studies show that ZrO₂ addition 

enhances grain refinement, tensile strength, and cell 

compatibility; for example, friction stir processing of AZ31 

Mg with ZrO₂ improved strength and microstructure. [52]. 

 

5. EVALUATION OF MG-BASED ALLOY 

CORROSION 

  

Biodegradable magnesium implants must remain 

mechanically stable for at least three months to match the 

stages of bone healing. However, rapid corrosion often leads 

to hydrogen evolution, swelling, and reduced mechanical 

integrity, with degradation behavior differing between in 

vitro and in vivo conditions. Challenges include high 

electrode potential, localized and galvanic corrosion, and 

complex physiological effects. Alloying with Ca and Zn, 

grain refinement, and ceramic reinforcement can 

significantly lower corrosion rates and improve mechanical 

properties.[29,30].In order to maximise both mechanical 

characteristics and corrosion resistance, it is crucial to 

design Mg-based composites reinforced with ceramics. For 

example, compared to Mg-Ca/HA-TCP composites, H₂ 

evolution is higher in Mg-Ca alloys. While nanoscale holes 

are seen in reinforced composites (Fig.6b), morphological 

analyses reveal corrosion pits in Mg-Ca (Fig.6a).  

 

 
 

Figure 6:  MgCa/HA-TCP composite immersion during (a) 

one day and (b) twenty days [53] 

 

6. DIFFICULTIES AND PROSPECTS 

Magnesium alloys are used in automotive, aerospace, and 

biomedical fields. In biomedical applications, controlling 

their degradation rate—especially in SBF—is a major 

challenge because rapid degradation reduces strength before 

bone healing is complete. Since degradation mainly occurs 

at the surface, improving surface quality is important. 

Adding reinforcement particles changes mechanical and 

corrosion properties, so improving one property should not 

harm others, especially biocompatibility. For example, 

aluminium increases strength but is harmful to health, while 

rare earth elements improve strength but are costly. Future 

research should focus on better interfacial bonding, 

optimized processing conditions (temperature and holding 

time), cost-effective RE-based composites, and solutions to 

prevent bacterial infections in orthopaedic implants. 

7. CONCLUSIONS 

Magnesium composites are widely applied in the biomedical 

field, particularly for bone implant applications, due to their 

good mechanical strength, natural biodegradability, and in 

vitro bioactivity. Their performance largely depends on the 

proper selection of biocompatible reinforcements such as 

HA, ZrO₂, TiO₂, ZnO, bioactive glass (BG), CPP, and 

Al₂O₃, which can enhance mechanical properties, corrosion 

resistance, and biological response. 

Research shows that bioactive additives like hydroxyapatite 

and bioactive glass help control degradation and improve 

corrosion behaviour and tissue compatibility. However, 

selecting the most suitable in vitro degradation method and 

ensuring long-term biocompatibility still require further 

investigation. Since most in vivo studies have been limited 

to small animal models, additional long-term experimental 

research—especially for load-bearing orthopaedic 

applications—is necessary before advancing to preclinical 

and human trials. 
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