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Abstract 

Carbon nanomaterials, such as carbon nanotubes (CNTs) and graphene, possess remarkable 

mechanical, electrical, and biological properties, making them promising enhancers in biological 

materials. Their nanoscale dimensions and large surface area enable targeted interactions with living 

organisms. However, concerns regarding their cellular compatibility in clinical orthopedic applications 

persist. To address this, ongoing investigations are examining the interaction of carbon nanomaterials 

with biological systems, including proteins, nucleic acids, and human cells, to assess their behavior in 

laboratory and in vivo settings. Studies have demonstrated that composites reinforced with CNTs and 

graphene enhance the adhesion of osteoblast cells, leading to enhanced bone tissue formation. This 

potential is expected to drive advancements in reconstructive medicine and bone tissue engineering. 

Additionally, this article presents current advancements and future research directions in developing 

CNT and graphene-reinforced implants for bone tissue engineering. 

Keywords: CNTs, Graphene, Cellular compatibility, Biomaterials applications, Industry 

1-  Introduction 

Carbon nanomaterials have emerged as 

promising tools for advancing various 

applications in the fields of biomedical, 

food, and industrial sectors. These 

materials possess unique properties such as 

high surface area, mechanical strength, and 

excellent electrical conductivity, making 

them suitable for a wide range of 

applications. This article provides an 

overview of the current status of carbon 

nanomaterials in these domains, 

highlighting their significant contributions 

and potential impact. Furthermore, it 

discusses future perspectives and potential 

directions for harnessing the full potential 

of carbon nanomaterials in advancing 

biomedical, food, and industrial 

applications, paving the way for innovative 
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and sustainable technological 

advancements. 

One of the concerns associated with 

implanting medical devices is the potential 

impact of ferromagnetic implants 

containing iron and chromium on 

resonance imaging. On the other hand, 

while implants made from CP-Ti exhibit 

excellent biocompatibility and corrosion 

resistance, they are vulnerable to 

degradation and wear which can lead to 

inflammatory reactions and rejection of 

metal implants due to the release of metal 

ions and particle abrasion [1-4]. Such wear 

and corrosion can also cause chromosomal 

abnormalities and other negative effects. Ti 

alloys have become a popular choice for 

biomedical applications due to their 

specific strength, corrosion resistance, 

biocompatibility, and elastic strain. In 

particular, Ti-6Al-4V alloy has shown 

promise as a material for tissue 

engineering scaffolds and load-bearing 

implants [5-7]. However, in cases where 

implants do not possess adequate 

mechanical and biological characteristics, 

corrective surgeries such as implant 

removal and replacement may be needed, 

resulting in additional risks, pain, and 

expenses for patients [8-11]. In the field of 

bone tissue engineering, the use of 

concentrated polymeric materials 

containing carbon nanotube layers as a 

substitute for natural bone has been 

investigated in some cases. Additionally, 

the mechanical properties of alginates have 

been studied for neuroscience applications 

using the finite element method. 

Furthermore, the application of titanium 

alloys in dental, biotechnology, and 

medical fields has been explored. Studies 

have also been conducted on bioglass 

materials as a substitute for dental 

applications. Moreover, investigations into 

the use of modern ceramics with suitable 

mechanical and thermal properties in 

bioelectrical engineering have been carried 

out. The effect of biomechanical stimuli on 

cells and their characteristics has also been 

examined. Finally, the use of calcium 

silicate nanoparticles in the production of 

bio-composite bone substitutes has been 

investigated [11-12]. However, the toxicity 

of Ti alloys containing vanadium (V) and 

aluminum (Al) is a significant issue, as 

their low shear and wear resistance can 

release toxic metal ions in biological 

fluids, resulting in cytotoxicity and 

genotoxicity [12-17]. To address this issue, 

researchers are exploring carbon 

nanomaterials such as CNTs and graphene 

as promising nanoparticles for polymer and 

metal matrix composites, given their 

unique physical, electronic, and 

mechanical properties. CNTs exhibit 

exceptional mechanical properties, 

including high bending resistance, tensile 

strength ranging from 11 to 52 GPa, and 

elastic modulus ranging from 32 to 1470 

GPa [18-22]. The absence of scattering 

counterions in their structure offers zero 

resistance to electron movement, making 

them ideal for advanced engineering 

applications such as field emitters, Li-ion 

batteries, and potential electrical contact 

materials. Carbon has been investigated as 

a reinforcing material for the past two 

decades and is considered a next-

generation material for engineering 

components, particularly in the aerospace 

industry.  

Since its discovery, graphene has been 

extensively researched for its physical, 

chemical, mechanical, optical, and 

electrical properties, and its potential 

applications have been demonstrated in 

nearly 100,000 scientific publications 
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indexed by Scopus and 2,000 patents in the 

past year [23-27]. 

 

Table 1: Advantages and limitations of available 

metal biomaterials for use in scaffolds and tissue 

engineering implants. 

Advantages Disadvantages Metals 

High strength Low wear resistance 

High Meduliang 

MRI products 

because 

magnetism 

SS (316L) 

High strength 

Equal resistance 

High corrosion 

Low wear resistance 

Toxic alloying 

elements, for 

example, V, Al 

High Meduliang 

Ti alloys 

High strength. The toxicity of ions 

(Co-Cr 

Co-Cr 

alloys 

High 

biocompatibility 

Excellent 

biodegradability 

Properties similar 

to the strength and 

malleability of 

human bones 

High 

Meduliang 

Magnesium 

alloys 

However, recent research trends suggest 

that while CNTs and graphene have been 

studied extensively for material 

engineering applications, their potential 

use in medical engineering has not been 

adequately explored. The biocompatibility 

of biodegradable implants depends on the 

destruction mechanism of metal 

biomaterials, and potential risks of toxicity 

include cytotoxicity, tissue toxicity, 

allergic and immune reactions, and other 

immunological responses. Table 1 provides 

a summary of the advantages and 

limitations of various metal biomaterials 

that are currently available for use in 

scaffolds and tissue engineering implants. 

These materials have unique properties that 

make them suitable for specific 

applications. 

2- Importance of Minimizing Metal Wear in 

Total Hip Replacement Systems 

When designing a total hip replacement 

system, it is essential to consider the 

potential for metal-on-metal contact 

between the metal ball (femoral head), 

metal femoral stem, and metal cup in the 

acetabular part of the femur [28-33]. As a 

person usually takes several thousand steps 

a day, this metal-on-metal contact can 

cause wear and tear, leading to the release 

of metal ions and particles from the 

implant. Table 1 provides a summary of 

the advantages and limitations of available 

metal biomaterials for use in scaffolds and 

tissue engineering implants. Metal 

biomaterials have been widely used in 

orthopedic and dental applications due to 

their excellent mechanical properties, 

biocompatibility, and corrosion resistance.  

 

Fig. 1 CNTs are promising materials for use in 

biomaterials and tissue engineering 

Within the discussion section, notable 

progress and prospective impacts of carbon 

nanomaterials in the realms of biomedical, 

food, and industrial applications are 

highlighted. An extensive evaluation is 

conducted on the present state of utilizing 
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carbon nanomaterials, encompassing their 

distinct properties and successful use 

cases. Additionally, the discussion delves 

into the obstacles and constraints 

encountered when implementing these 

materials, encompassing safety 

apprehensions and regulatory factors. 

Prospects for the future are explored, 

centering on potential avenues and 

research directions to optimize the 

advantages of carbon nanomaterials in 

propelling advancements within these 

pivotal sectors. However, different metal 

biomaterials have their own advantages 

and limitations in terms of their physical 

and biological properties, which can affect 

their suitability for specific biomedical 

applications. 

Fig. 1 depicts the potential of carbon 

nanotubes (CNTs) as a promising material 

for use in biomaterials and tissue 

engineering. CNTs are one-dimensional 

carbon allotropes that exhibit unique 

physical, chemical, and mechanical 

properties. These properties make them 

attractive for a wide range of biomedical 

applications, including tissue engineering, 

drug delivery, and biosensors. 

Furthermore, the release of metal ions and 

particles can lead to implant loosening and 

failure, requiring revision surgery to 

remove and replace the implant. Therefore, 

it is critical to design and manufacture hip 

replacement systems that minimize metal 

wear and reduce the potential for metal-on-

metal contact to prevent adverse reactions 

and implant failure [34-39]. In general, no 

single metal biomaterial can provide all the 

desired features for biomedical 

applications. Therefore, it is crucial to 

explore and develop new materials that can 

address the key challenges associated with 

existing metal biomaterials. Researchers 

are actively investigating the development 

of new metal alloys for use as substitutes 

for hard tissue, such as cortical bone, for 

load-bearing applications, including bone 

plates, spinal rods, and artificial hip and 

knee joints [38-42]. An emerging research 

field is the development of metal alloys 

with adjustable Young's modulus, which 

can mimic the mechanical properties of 

natural bone and reduce the risk of stress 

shielding. CNTs possess exclusive 

mechanical properties that make them an 

attractive candidate for use in bone tissue 

engineering. The mechanical properties of 

CNTs can be characterized by their 

strength, stiffness, and toughness. CNTs 

have a high tensile strength ranging from 

30-200 GPa, and stiffness ranging from 1-

1,000 GPa, depending on their diameter 

and chirality. This is in contrast to human 

bone, which has a tensile strength and 

stiffness ranging from 50-150 MPa and 10-

30 GPa, respectively. However, CNTs 

have a relatively low toughness ranging 

from 0.5-10 MPa·m1/2, lower than human 

bone (3-20 MPa·m1/2)). Further research is 

required to optimize CNT-based materials' 

mechanical properties for bone tissue 

engineering applications [41-49]. 

 

Fig. 2 Classification of CNTs in Biomaterials and 

Tissue Engineering 



41 

A. Abdollahpour et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 15 (2023) 0037~00048 
 

Fig. 2 shows a classification of CNTs in 

biomaterials and tissue engineering. CNTs 

are one-dimensional carbon allotropes with 

unique physical, chemical, and mechanical 

properties that make them attractive for 

various biomedical applications. The use 

of advanced manufacturing (AM) 

techniques, such as additive 

manufacturing, can also enable the 

production of complex and customized 

metal implants with enhanced mechanical 

properties and biocompatibility [46-52]. 

By developing new metal biomaterials 

with improved properties and performance, 

researchers aim to create more effective 

and safer biomedical devices for patients. 

3- CNT and graphene for biomedical 

applications 

These metal ions and particles can enter 

the bloodstream and cause toxicity and 

severe adverse reactions, as they are 

known to cause metallosis, an 

inflammatory reaction to the presence of 

metal debris in the body. CNTs are one-

dimensional carbon allotropes that exhibit 

excellent mechanical properties, high 

aspect ratio, and high surface area. These 

properties make them attractive for a wide 

range of biomedical applications, including 

drug delivery, biosensors, and tissue 

engineering. In drug delivery, CNTs can be 

modified to encapsulate drugs and enhance 

their solubility, stability, and targeted 

delivery to specific cells or tissues. In 

biosensors, CNTs can be used as 

transducers to detect biological molecules 

with high sensitivity and selectivity. In 

tissue engineering, CNTs can be 

incorporated into scaffolds to enhance their 

mechanical properties, electrical 

conductivity, and cellular interactions. 

 

Table 2: Approaches and performance of 

biomaterials in human body 

Approaches in 

biomaterials 
Performance 

Application 

in human 

body 

Implant 

osseointegration, 

stabilization, 

retention, 

removal, wear 

prevention. 

Integration, 

bone 

formation, 

moduli 

control, 

degradation, 

resilience, 

anti-plaque 

properties. 

Hip and knee 

joints, 

cardiovascular 

stents, heart 

valves, bone 

devices, bone, 

all-metal 

implants, 

surgical 

instruments. 

Table 2 presents various approaches in 

biomaterials, with a focus on their 

performance and application in the human 

body. One approach involves the effective 

osseointegration of metal implants, which 

leads to the stabilization of the host bone 

and prevents implant loosening. 

Single-walled carbon nanotubes (SWCNT) 

and multi-walled carbon nanotubes 

(MWCNTs) are widely used in research 

due to their unique and promising physico-

chemical properties and potential 

applications in various fields such as 

optics, sensors, biomedical, electricity, and 

magnetism. However, the direct exposure 

of CNTs to animals raises questions about 

their safety, and considerable research is 

needed to evaluate the actual nano-smitting 

of CNTs using different delivery methods. 

Recent studies have shown that different 

factors affect the toxicity and nanoscale 

activity of CNTs in the physiological 

environment. Graphene has also shown 

high absorption of extracellular proteins 

and serum in laboratory environments, 

leading to an increase in cellular adhesion 

of these nanomaterials [48-53]. Many 

words demonstrate the interdisciplinary 

nature of research in materials science, 

biomedical engineering, and medical 
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sciences, highlighting the importance of 

collaboration between different fields to 

advance knowledge and develop new 

technologies for various applications [54-

55]. CNT and graphene reinforced 

nanocomposites show promising potential 

for overcoming one of the most significant 

limitations of artificial tissues: the 

mismatch between the implant material 

and the host natural tissue. The mechanical 

strength of CNT and graphene makes them 

suitable as nano-reinforcers in composites 

for applications such as tissue engineering, 

as they can adjust the hardness and 

toughness of the composite [55-65].  

The table provides insights into three 

essential mechanical properties, namely 

tensile strength, Young's modulus, and 

flexural strength. The CNT-reinforced 

composites demonstrate a tensile strength 

ranging from 500 to 900 MPa, a Young's 

modulus ranging from 50 to 80 GPa, and a 

flexural strength ranging from 400 to 600 

MPa. 

Table 3: the mechanical properties of CNT-

reinforced composites and common composites 

used in medical engineering 

Composite 

Material 

Tensile 

Strength 

(MPa) 

Young's 

Modulus 

(GPa) 

Flexural 

Strength 

(MPa) 

CNT-

Reinforced 

Composite 

500-900 50-80 400-600 

Carbon Fiber 

Composite 

1000-

1500 
100-150 900-1200 

Glass Fiber 

Composite 
500-800 30-40 400-600 

Polymer 

Matrix 

Composite 

50-200 1-10 30-100 

 

Table 3 presents a comparative analysis of 

the mechanical characteristics of carbon 

nanotube (CNT)-reinforced composites 

and commonly utilized composites in the 

domain of medical engineering.  

Numerous investigations have been carried 

out within the biomedical engineering 

domain. These studies encompass a range 

of topics, including the development and 

simulation of 3D printed scaffolds with 

alginate/magnesium oxide coatings, which 

exhibit antibacterial properties and are 

intended for bone tissue regeneration 

purposes. Furthermore, there has been a 

focus on exploring the mechanical and 

thermal characteristics of graphene-CuO 

nanocomposites. Another research 

endeavor involved conducting a 

bibliometric analysis of dental preprints 

that were published in the year 2022. 

Additionally, simulation studies were 

conducted to evaluate the potential of 3D 

printed scaffolds incorporating 

alginate/carbon nanotubes for applications 

in bone engineering. Moreover, researchers 

have delved into the utilization of 3D 

bioprinting techniques for dental pulp 

regeneration, specifically through the 

implementation of porous architectural 

designs. Lastly, the fabrication and 

analysis of calcium-zirconia scaffolds 

infused with magnetic nanoparticles for the 

treatment of bone cancer have been 

thoroughly investigated. Additionally, their 

significant conductive properties make 

them useful for electrically stimulating 

tissues to speed up the formation and repair 

of new bone [66-72]. CNT and graphene 

enhanced conductive nano-biomaterials 

also increase the absorption of extracellular 

matrix (ECM) proteins, leading to an 

increase in the expression of osteogenic 

markers and the production of related 

growth factors. CNT and graphene 



43 

A. Abdollahpour et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 15 (2023) 0037~00048 
 

reinforced nanocomposites show great 

potential for use in bone tissue engineering 

and other biomedical applications [68-72]. 

4- Conclusion 

This study was carried out with the aim of 

critically examining the potential, recent 

developments, challenges and future 

research directions in relation to CNT and 

graphene as nano enhancers in existing 

metal biomaterials. It can be concluded 

that these carbon nanomaterials have 

extraordinary potential to be used as 

biomaterials for bone tissue engineering. In 

spite of the controversial issues about 

nanosmitting and endocytosis of CNT and 

graphene, their significant and unique 

mechanical and biological properties 

strongly support their use in biomedical 

applications. Recent trends in biomedical, 

pharmaceutical and tissue engineering 

fields show that CNT and graphene can be 

considered very effective and safe 

materials. With the available literature on 

the biomedical applications of CNT and 

graphene, they cannot yet be judged as 

good candidate materials for bone tissue 

engineering. However, recent studies on 

CNT and graphene-based materials for 

biomedical applications did not show 

significant evidence of biological hazards. 

So, biocompatibility, biodegradability, 

bioactivity and mechanical properties of 

CNT and graphene have been critically 

examined with the aim of converting their 

properties to biomedical applications. A 

detailed discussion on the key 

requirements for implants and tissue 

engineering scaffolds related to the 

mechanical properties of CNT and graphs 

with the aim of converting their properties 

to biomedical applications is a critical 

review. It has been downloaded. A detailed 

discussion of the key requirements for 

implants and tissue engineering scaffolds 

in relation to the mechanical properties of 

CNT and grafting with the aim of 

converting their properties to biomedical 

applications is a critical review. It has been 

decided. A detailed discussion of the key 

requirements for implants and tissue 

engineering scaffolds in relation to the 

unique properties of CNT and graphene is 

necessary to translate this promising 

nanomaterial into clinical applications. It is 

Although the results obtained from in vitro 

and in vivo biocompatibility studies on 

CNTs and graphene are encouraging, more 

comprehensive and systematic studies are 

still needed to understand their long-term 

biological effects. It is necessary. 

Continuous in vivo studies to understand 

the nanoscale of this carbon nanomaterial 

can pave the way for the translation of this 

class of materials into approved clinical 

applications. At present, one of the main 

reasons for the inability of these 

nanomaterials to be converted into 

clinically approved applications is the lack 

of suitable in vivo studies to evaluate their 

nanosize. In addition to other biomedical 

applications Who, implants and scaffolds 

were considered because there is a small 

possibility that this nano enhancement 

Metal matrices are directly exposed to 

living organisms. Despite the recent 

technological advances that can easily 

assess the biosafety of such carbon 

nanomaterials, global efforts are 

determined to develop the user. This 

requires precise and sophisticated 

engineering. Scientific methods for 

reducing the nanotoxicological effect of 

CNT and graphene are also characteristic. 
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