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Abstract 

ObjecAves: To	assess	current	knowledge	about	copper	oxide	nanoparticles	and	their	ap-
plications	in	prosthetic	dental	technology. Materials and Methods: On	this	topic,	an	elec-
tronic	systematic	review	was	conducted	in	various	databases	(Google	Scholar	research,	
Science	Direct	 reports,	 PubMed	 studies,	 and	Web	of	 Science	 data),	 as	well	 as	 a	 hand	
search	of	 the	 scientiEic	 literature.	 From	2015	 to	2022,	 published	work	was	 collected,	
analyses,	and	relevant	articles	were	chosen	for	 inclusion	 in	this	review.	Copper	oxide	
nanoparticles	and	their	applications	in	prosthetic	dental	technology	have	been	reported	
in	several	studies.	More	than	30	papers	were	chosen	for	this	review	based	on	their	ap-
plicability. Results: The	Eindings	suggest	that	current	knowledge	is	adequate	to	recom-
mend	copper	oxide	nanoparticles	and	their	applications	in	prosthetic	dental	technology	
for	routine	laboratory	use,	with	improvements	in	each	of	the	current	nano	materials	and	
procedures	for	prosthetic	dental	technology. Conclusion: Because	of	their	physical	and	
chemical	properties,	copper	oxide	nanoparticles	are	suitable	for	prosthetic	restorations;	
however,	careful	processing	methods,	nano	materials,	laboratory	skill,	and	a	strict	pro-
tocol	 for	prosthetic	 restoration	 are	 required	 to	 improve	 the	mechanical	 and	physical	
properties. 
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Introduc)on 
Copper oxide has a monoclinic structure and is 
a semiconductor. Because of its physical prop-
erties, copper oxide has a wide range of appli-
cations [1]. Because it is a p-type semiconduc-
tor, it is widely used in a variety of applications 
such as field emission emitters, high-tempera-
ture superconductors, catalysis, sensors, and 
batteries [2]. Copper oxide (CuO) nanoparticles 
have recently been observed to have microbial 
activity and to cross the biological membrane 
to reach the respective organ [2]. Free form or 
complex form of copper has germicidal activity. 
In recent Studies, Copper nanoparticles are 

used in the paint industry as the antifouling 
coating. Copper has also been used as a copper 
nanocomposite to control fungi [1]. Because of 
its antimicrobial properties and low toxicity, 
copper is a popular element in medical and 
dental research [3]. The antimicrobial activities 
are induced by either copper’s metal ions or 
the oxidized cupric ions derived from copper 
nanoparticles (1–100 nm). Moreover, copper is 
readily available for the synthesis of copper na-
noparticles, so it is cost effective [3]. Copper 
nanoparticles can be processed either natu-
rally or via chemical synthesis [4]. Further-
more, they oxidize easily in air or water, 

producing copper oxide nanoparticles. Copper 
particles, like most metal nanoparticles used in 
dentistry, have variable nano -sizes and forms, 
a distinct distribution, and a large surface-area-
to-volume ratio. These properties improve the 
nanoparticles' bio-physio-chemical functionali-
zation, antimicrobial activity, and biocompati-
bility. According to reports, copper oxide nano-
particles are antimicrobial and inhibit biofilm 
formation [5]. Copper nanoparticles can pre-
vent root caries by inhibiting the growth and 
colonization of S. mutans on the surface of the 
tooth root. Copper oxide nanoparticles are less 
expensive than silver nanoparticles. They have 
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desirable physical properties, such as a large 
surface area and a crystalline structure. Ac-
cording to a review, copper oxide nanoparti-
cles are bactericidal against cariogenic bacte-
ria. Furthermore, copper oxide nanoparticles' 
antimicrobial activity is dose dependent. Cop-
per oxide nanoparticles are easily mixed into 
polymers to create composites with distinct 
physiochemical properties [6]. Copper oxide 
(CuO) is an important bactericidal and antifun-
gal agent. It is the most basic element of Cu 
compounds, revealing a variety of potential 
physical properties such as high-temperature 
superconductivity, spin dynamics, and electron 
correlation effects [7]. Copper oxide nanopar-
ticles (CuONPs) are well known for their opti-
cal, magnetic, and electrical conductivity due 
to their small size. Despite the fact that copper 
oxide nanoparticles are well known for their bi-
ological properties, particularly their antimi-
crobial activity, cytotoxic properties were well 
estimated in both in vitro and in vivo models 
[8]. Copper is a trace element that is essential 
for humans because it promotes angiogenesis, 
bone formation, wound healing, and the activ-
ity of various enzymes [9]. It also promotes the 
formation of crosslinks in collagen and elastin 
precursors [10].	

Table 1. Nomenclature and Symbols. 

Nomenclature  

CuO                        copper oxide  

CuONPS                 copper oxide nanoparAcles  

Ref                          Reference  

NPS                         NanoparAcles  

F. oxysporum        Fusarium oxysporum  

F. graminearum   Fusarium graminearum   

  
	
 
Material and Methods 
Google Scholar, PubMed, Science Direct, and Z-
library were used to conduct a search for the 
uses and applicaAons of copper oxide nanopar-
Acles in prostheAc dental technology. The in-
clusion criteria included, among other things, 
research arAcles about copper oxide nanopar-
Acles published between 2015 and 2022, arA-
cles about addiAve effects, and arAcles about 
dental applicaAons or biomaterials implants. 
The current work acempts to present research 
challenges and future direcAons in addiAon to 
reviewing the exisAng literature on copper ox-
ide nanoparAcles. The current copper oxide na-
noparAcles study will be useful for pracAAon-
ers interested in conducAng addiAonal 

research in all areas of denAstry, parAcularly 
prostheAc dental technology. 
Chemical Proper<es of Copper(I) Oxide – 
Cu2O 
Copper(I) oxide reacts with water in the pres-
ence of oxygen, forms copper (II) hydroxide. 
The chemical equaAon is given below: 
2Cu2O + 4H2O + O2 → 4Cu(OH)2 
Copper(I) oxide reacts with hydrogen chloride 
forms Copper(I) chloride and water. The chem-
ical equaAon is given below: 
Cu2O + 2HCl → 2CuCl + H2O 
Synthesis of copper oxide nanopar<cles 
Many researchers have reported various meth-
ods of synthesizing CuONPs, including hydro-
thermal ultrasound irradiaAon, biosynthesis 
approaches, electron beam lithography, solid-
state reacAon, sol-gel, template methods using 
surfactants, microwave-assisted proto-col, 
copper acetate decomposiAon, and sonochem-
ical synthesis [11-13]. It has also been reported 
that the method of synthesis of CuONPs influ-
ences their morphological properAes and tox-
icity behavior. The flowchart represenAng the 
various methods of CuONPs synthesis is shown 
in Figure 1. 
Chemical approach 
This method involves the use of some chemi-
cals/regents to reduce copper ions during the 
synthesis of CuONPs [15]. The chemical ap-
proach to the formaAon of nanoparAcles is 
classified into two types: green chemical ap-
proach and tradiAonal approach. Chemicals 
synthesized from organic materials such as 
ascorbic acid are used in the green chemical 
approach, whereas inorganic compounds such 
as sodium borohydride and potassium borohy-
dride are used in the tradiAonal approach. 
Ascorbic acid has been reported to be used as 
a reducing agent in the synthesis of CuONPs 
[16].The use of potassium borohydride in for-
maAon of CuONPs has also be established. Sev-
eral studies have found that high energy con-
sumpAon, environmental polluAon, the use of 
high pressure and temperature, and the use of 
expensive and toxic chemicals are all signifi-
cant limitaAons of the chemical method of pro-
ducing CuONPs and other transiAonal metal 
oxide NPs [17]. 
Physical method 
This method employs electric current as an 
electron source in the generaAon of required 
electrons during CuONPs synthesis [18]. Elec-
tro-spraying, laser pyrolysis, laser ablaAon, and 
evaporaAon-condensaAon are the most used 
techniques in the physical approach to CuONPs 
synthesis. Among the physical approaches, the 
pulsed laser induced ablaAon technique has 
gained popularity because it is simple, eco-
friendly, and produces uniform nanoparAcles 
[19]. High power pulsed laser is the cogent and 

essenAal requirement for ablaAon on the sur-
face of the sample in the synthesis of CuONPs 
via laser ablaAon [20]. VariaAon of some pa-
rameters, such as pulse width, wavelength, la-
ser source repeAAon rate, ablaAon Ame, and 
temperature, enables the formaAon of nano-
parAcles with desired morphological idenAAes 
[21]. 
Biological approach synthesis 
The biological approach to nanoparAcle syn-
thesis includes the use of organisms (bacteria, 
yeast, and fungi) and extracts from various 
parts of plants as metal ion reducing agents 
[22]. The biosynthesis of CuONPs using the fol-
lowing bacteria Phormidium cyanobacterium, 
Morganella morganii, and Escherichia coli [23] 
had been reported. Despite the environmental 
benefits of creaAng nanoparAcles from micro-
organisms, the following are their limitaAons: 
Some bacteria are toxic, and the isolaAon and 
incubaAon processes are difficult [24]. Plant ex-
tract biomolecules act as both reducing and 
stabilizing agents during the synthesis of 
CuONPs and other metal nanoparAcles [25]. 
Flavonoids, proteins, tannins, phenols, and ter-
penoids have been reported to be effecAve re-
ducing and stabilizing agents for CuONPs syn-
thesis [26]. 
Copper Nanopar<cles in Dental Materials 
Copper nanoparAcles have anAmicrobial, bio-
physiological, and chemical properAes. They 
increase the material pool to reduce the scar-
city of dental materials in various clinical appli-
caAons. Copper nanoparAcles are commonly 
found in dental metals and alloys, dental poly-
mers and resins, dental cements, and other 
dental materials (Table 3). 
Copper Nanopar<cles in Dental Polymers and 
Resins 
A heat-cured thermoset denture base contain-
ing copper oxide nanoparAcles effecAvely in-
hibits the growth of Candida albicans, the main 
cause of denture stomaAAs [4]. Furthermore, 
another study discovered that copper oxide 
nanoparAcles released ions when mixed with 
various resin formulaAons (heat-cured acrylic 
resin denture, chemically cured sol liner, and 
cream-type adhesive). This ion release could 
be controlled and used in the delivery of ther-
apeuAc drugs for the treatment of oral dis-
eases. However, the release of these ions can 
differ. According to one study, the denture 
base and adhesive had higher releases than the 
denture line [30]. For the best clinical outcome, 
researchers may invesAgate the controlled and 
opAmal therapeuAc release of copper ions. Ac-
cording to one study, copper-doped mesopo-
rous bioacAve glass nanosphere-incorporated 
resin exhibited anAmicrobial, mechanical, and 
aging resistance properAes [31]. An etch-and-
rinse adhesive containing copper nanoparAcles 
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demonstrated anAmicrobial acAvity and pre-
vented adhesive interface degradaAon without 
affecAng mechanical properAes [32]. In an-
other study, polyacrylic acid-coated copper io-
dide nanoparAcles were used as an anAbacte-
rial addiAve to adhesive, with no effect on 
bonding strength or biocompaAbility [33]. An-
other study found that adding copper nanopar-
Acles to an adhesive improved shear bond 
strength and anAbacterial properAes while 
causing no cytotoxicity [34]. 
Applica<on of CuO NPs 
NPs are widely used as catalysts in cosmeAcs, 
texAles, photonics, agriculture, and heavy in-
dustries in the modern era. Furthermore, the 
use of NPs in medicine has been expanded. Ac-
cording to the available data, CuO NPs can be 
used as anAmicrobial, anAfungal, anAcancer, 
anA-inflammatory, and wound healing agents. 
The following secAons will go into more detail 
on these, including the mechanism. 
An<bacterial 
CuO NPs have been shown in studies to inhibit 
the growth of Gram-negaAve and Gram-posi-
Ave bacteria. Cuo-NPs were found to be signif-
icantly effecAve against Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeru-
ginosa, Propionibacterium acnes, and Salmo-
nella typhi in vitro anAmicrobial acAvity tests. 
However, among the plant pathogenic fungi 
tested, Fusarium culmorum was found to be 
the most sensiAve, followed by Fusarium ox-
ysporum (F. oxysporum) and Fusarium gra-
minearum (F. graminearum) [35]. Their anA-
bacterial efficacy was higher than that exhib-
ited by standard anAbioAc, streptomycin [36]. 
These parAcles were discovered to be more ef-
fecAve against Staphylococcus aureus and Ba-
cillus subAlis (gram-posiAve bacteria) than 
against Pseudomonas aeruginosa and E. coli 
(gram-negaAve). Efficacy was found to be de-
pendent on the size of NPs [37], the thickness 
of bacterial cell wall and incubaAon Ame. 
Smaller parAcles were more toxic than larger 
ones even if they do not penetrate the bacte-
rial cell wall. 
An<fungal 
Direct contact with fungi can result in human 
infecAon. When spoiled food is consumed, A. 
flavus, a pathogenic fungus, causes liver cancer 
in humans. If A. fumigates spores are inhaled, 
they can cause chronic lung disease. C. albi-
cans, which is found in our bodies at the mouth 
and vagina, can cause infecAons if it grows too 
quickly [38]. The fungus's cell wall contains 
mulAple layers of lipids, making NP entry into 
the organism difficult [39]. CuO NPs synthe-
sized can be exhibited an anAoxidant acAvity 

that may contribute to the anA-fungal property 
[40]. 
An<cancer 
The anAcancer invesAgaAon of CuONPs biosyn-
thesized using black bean extract revealed 
some changes in mitochondrial structure when 
incubated with CuONPs, and the growth of cer-
vical carcinoma cells was also greatly reduced 
when treated with CuONPs [41]. The report on 
the invitro toxicity invesAgaAon of phytosyn-
thesized CuONPs reveals that they exhibit bet-
ter toxicity efficacy that is beneficial in biomed-
ical applicaAon when compared to chemically 
synthesized nanoparAcles, emphasizing the 
importance of toxicity analysis in selecAng non-
toxic nanoparAcles with disAnct biological ac-
AviAes [42]. Several studies have shown the cy-
totoxicity of CuONPs against cancer cell growth 
[43]. 
Toxicity of CuO NP 
The complicaAons that result from misinter-
preAng toxicity are due to CuO NPs binding, in-
teracAon with living cells, and subsequent 
change in surface chemistry. To understand 
the toxicity of CuO NPs, it is necessary to first 
understand the characterizaAon and surface 
modificaAon of CuO NPs, as well as the routes 
of exposure and the mechanisms or pathways 
involved in toxicity. The complicaAons that re-
sult from misinterpreAng toxicity are based on 
the fact that NPs bind, interact with living cells, 
and cause a change in surface chemistry. To 
understand the toxicity of nanomaterials, it is 
necessary to first understand the characteriza-
Aon and surface modificaAon of NPs, as well as 
the routes of exposure and the mechanisms or 
pathways involved in toxicity [44]. 
Characteriza<on 
CharacterizaAon of CuO NPs includes parAcle 
size, shape, and charge. There is a relaAonship 
between the size of the NPs and the surface-
to-volume raAo; the smaller the size, the 
greater the surface-to-volume raAo, and vice 
versa. The size of a parAcle determines its pen-
etraAon and reacAvity. However, it has been 
proposed that NPs larger than 100 nm can en-
ter cells by crossing the cell membrane, 
whereas NPs smaller than 40 nm can enter 
blood and reach cell nuclei [44]. 
Surface modifica<on 
CuO NPs have a wide range of applicaAons due 
to their high surface reacAvity, chemical stabil-
ity, and thermoelectric properAes [45]. The 
higher the surface reacAvity, the higher the 
producAon of reacAve oxygen species (ROS), 
and vice versa. The relaAonship between the 
surface chemistry (capping agents) of Cu NPs 
and the generaAon of ROS is well established 
[46]. Three surface modifiers, 8-mercaptooc-
tanoic acid (MOA), 12- mercaptododecanoic 
acid (MDA), and 16-mercaptohexadecanoic 

acid (MDA), were used, followed by water dis-
persion, demonstraAng the strong affinity of 
Cu NPs to thiolated funcAonal groups when 
compared to carboxylic acids. Cu-NPs treated 
with 8-mercaptooctanoic exhibited significant 
ROS acAvity. The findings revealed that the 
ability to generate ROS decreased dramaAcally 
as the length of the chain increase. 
Exposure route of Cu NP 
The primary source of NP exposure is improper 
raw material and equipment handling by work-
ers during lab-scale producAon. Another major 
source of NP exposure is commercial nano-
material synthesis. Other types of NP exposure 
routes include errors that occur during the 
classificaAon, packing, and transportaAon of 
nanomaterials. On the contrary, the use and 
consumpAon of nanomaterials-based products 
can be fatal. NPs enter the body primarily 
through inhalaAon, ingesAon, or through the 
skin and bloodstream [47]. Aler entering the 
body, NPs are transported to other parts of the 
body via the blood circulatory system, where 
they cause toxic effects at various sites [48]. 
The main indicator that influences the toxico-
logical outcomes of Cu NPs is the route of ex-
posure. Cu NPs can easily translocate through 
Assue intersAAally (between cells), pass 
through cell membranes, and eventually enter 
the blood circulatory system due to their small 
size. The circulatory and lymphaAc systems 
play an important role in the translocaAon of 
NPs from the exposure site to downstream ef-
fects, culminaAng in accumulaAon in the body 
organ. 
	
Discussion 
CuO NPs have emerged as an important class 
of nanomaterials for a wide range of applica-
Aons (medicinal, environmental, industrial) 
that have potenAal risks to organisms and en-
vironment. In this review, an overview about 
CuO NPs syntheAc methods, their, applica-
Aons, exposure routes, toxicological evalua-
Aons, immunotoxicity, cytotoxicity and geno-
toxicity and factors affecAng the toxicity of CuO 
NPs are discussed. The factors that influence 
the toxicity of CuO NPs are shape, size, surface 
modificaAon, morphology and concentraAon 
[49]. Copper oxide is a member of the copper 
compound family with useful physical proper-
Aes such as high-temperature superconducAv-
ity, electron correlaAon effects, and spin dy-
namics. It is relaAvely inexpensive, easily mixed 
with polar liquids and polymers, and has a rel-
aAvely stable chemical and physical acAvity. 
Previous research has shown that CuO NPs 
have a significant anAmicrobial effect [50]. CuO 
nanoparAcles are effecAve anAbacterial, anA-
fungal, and anAviral agents and anAoxidant 
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material which control microbe effecAvely CuO 
penetrates membranes due to its high surface 
area. CuO nanoparAcles are used in food pack-
aging because they are biocompaAble. It pre-
vents bacterial growth. CuO acts as a drug car-
rier in nanomedicine. In the field of nanomedi-
cine, drugs based on nanomaterials have been 
developed to selecAvely kill cancerous cells in 
target cancer therapy. Modified CuO nanocrys-
tals with specific ligand interact with specific 
receptors on the tumor cell. CuO nanoparAcles 
have the potenAal to detect a wide range of 
diseases, including cardiac syndrome, neuro-
logical disorders, tumors, stress, and diabetes 
[1]. Mahmoud et al [51] showed highest values 
of human neuronal cell genotoxicity at copper 
oxide nanoparAcles concentraAons 15ug/ml, 
and highest values apoptosis at 40 ug/ml. Ivast 
et al [52] showed mice fibroblasts toxicity 
when copper oxide nanoparAcles concentra-
Aon is 49.9 ug/ml. Transmission electron mi-
croscopic analysis study by Wang et al [53] 
showed copper oxide nanoparAcles toxicity to 
lung epithelial cells lysosomes, mitochondria, 
and nucleus occur when copper oxide nano-
parAcles release is 15 ug/ml. Copper nanopar-
Acles are alternaAve for silver and gold nano-
parAcles which are currently used in inkjet 
prinAng of conducAve pacerns because of the 
low price and high electrical conducAvity [54]. 
Suleiman M, et al. concluded that CuO nano-
parAcles can be synthesized by different ways 
and synthesis factors such as method, solvents, 
surfactants starAng precursors and tempera-
ture are used to control the shape and size of 
desired nanoparAcles [55]. Lanje AS, et al. stud-
ied that CuO nanoparAcles are rectangular in 
shape with average size of 5-6 nm with mono-
clinic structure are synthesized by aqueous 
precipitaAon method [56]. Copper oxide nano-
parAcles were prepared by modified sol-gel 
technique using sodium dodecyl sulphate as a 
surfactant [57]. Effect of calcinaAon tempera-
ture on parAcle size, band-gap, crystallinity and 
morphology of the nanoparAcles.		
 
Conclusions 
1- Copper nanoparAcles play a dual role 
in the development of the properAes of dental 
materials. The inclusion of copper nanoparA-
cles may improve the physio-mechanical prop-
erAes and introduce or enhance the anAmicro-
bial acAviAes of various dental materials. It is 
expected that researchers and clinicians will fo-
cus on the perspecAve of cost-effecAve copper 
nanoparAcles in denAstry. This will reveal po-
tenAals and limitaAons, as well as open a new 
door to dental biomaterials research for the 
use of copper nanoparAcles in clinical dental 
pracAce.	
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methods of CuONPs synthesis is shown in Figure 1.  

 

Figure 1. Flowchart represenAng the various methods of synthesis of CuONPs [14]. 

Table 2. Advantages and disadvantages of different methods of CuONPs synthesis. 
Methods Advantages Disadvantages Reference 
Chemical It enhances large scale producAon Its energy-intensive processes, use of toxic solvents as 

reducing and stabilizing agents, and producAon of non-
ecofriendly products. 

[27] 

Physical Control crystallinity, shape and producAon of 
CuONPs with uniform, controlled sized and 
high purity are achievable 

high capital costs and high energy consumpAon [28] 

Biological This method is cost effecAveness, non-use of 
toxic materials and simple. 

The use of microorganisms is unappealing due to the 
need for asepAc culAvaAon and increased producAon 
costs on an industrial scale. 

[29] 

 
Table 3. Dental polymers and resins. 
 

 Materials ProperAes and FuncAons ApplicaAons Ref. 

Copper-nanoparAcle in-
corporated acrylic resin 

Offer anAmicrobial properAes, Prevent stomaAAs Denture sol liner [30] 

Copper-doped mesopo-
rous bioacAve glass nano-
sphere acrylic resin 

Facilitate copper-ion release Offer anAmicrobial 
properAe Prevent stomaAAs. 

Denture acrylic base [31] 

Copper nanoparAcles with 
adhesive Resin 

Offer anAmicrobial properAes, Prevent second-
ary caries 

Dental adhesive [32] 

Polyacrylic acid–copper io-
didenanoparAcles with ad-
hesive resin 

Offer anAmicrobial properAes, Prevent second-
ary caries. 

Dental adhesive [33] 


