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Abstract

Background and aims

Enamel demineralization and white spot lesions (WSLs) during orthodontic treatment have always been a
challenge to orthodontists. The advancement of nanotechnology has paved the way for the incorporation of
bioactive compounds in orthodontic materials especially orthodontic composites for prevention and
management of WSLs. The present study aims to prepare, characterize, and then incorporate copper and
strontium doped nanohydroxyapatite into orthodontic composite material and test its antibacterial efficacy.

Materials and methods

The present in vitro study involved the preparation of the strontium and copper co-substituted
hydroxyapatite (SrCuHA) nanoparticles (Nps) using the sol-gel method. The prepared Nps were
characterized using scanning electron microscopy (SEM), energy-dispersive X-ray analysis (EDAX), and
Fourier transform infrared spectroscopy (FTIR). The Nps were incorporated into a commercially available
orthodontic composite. The antimicrobial properties of the SrCuHA Nps-incorporated composite were tested
using the Agar well diffusion method against Staphylococcus aureus (S. aureus), Streptococcus mutans (S.
mutans), and Escherichia coli (E. coli).

Results

The SrCuHA Nps were successfully prepared. EDAX, FTIR, and SEM analyses revealed the successful
formation of the Nps. The SrCuHA-incorporated orthodontic composite at a higher concentration of 40 pl
showed the maximum zone of inhibition (ZOI) against S. mutans. The control group showed the maximum
Z0I against E. coli and the SrCuHA Nps-incorporated composite at 20 pl showed the maximum inhibition
against S. aureus.

Conclusion

In the present study, successful preparation of SrCuHA Nps followed by incorporation in the orthodontic
adhesive was done. The prepared nanoparticle was characterized and the SrCuHA Nps-incorporated
orthodontic composite demonstrated comparable ZOI against S. mutans to the control.

Categories: Dentistry
Keywords: nanoparticles, nanohydroxyapatite, orthodontic composite, caries prevention, orthodontics and
dentofacial orthopedics

Introduction

A major problem associated with orthodontic therapy is the decalcification of enamel surfaces around the
orthodontic brackets [1]. During orthodontic treatment, the number of oral bacteria increases because
brackets, arch wires, and orthodontic accessories can make oral hygiene maintenance difficult [2,3]. Despite
many advances, patients undergoing fixed orthodontic treatment remain at a high risk of developing white
spot lesions (WSLs). With incidence and prevalence rates of 45.8% and 68.4%, respectively, lesions can start
to form as early as four weeks, making the search for prevention methods necessary. WSLs are a major issue
for both orthodontists and orthodontic patients since they are unsightly and occasionally irreversible. The
traditional means of preventing such lesions include practicing good oral hygiene but patient compliance is
a concern [4-6]. Numerous methods have been developed and proposed to reduce WSLs, some of which may
include professional fluoride application, fluoride toothpaste, fluoride mousses, and mouthwashes [7]. There
has been a significant amount of research on the use of novel materials in the treatment of WSLs [8].
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Advances in nanotechnology are paving the way for novel methods to prevent WSLs. Because of their size
and surface area, nanoparticles (Nps) have high bactericidal capabilities and are chemically and
physiologically active. The mechanical and physical properties of restorative materials and adhesive systems
are improved by the use of Nps [9]. There are two basic ways that nanotechnology can combat enamel
demineralization. The first technique makes use of nanomaterials with antibacterial capabilities. The
second includes using substances that can release calcium and fluoride, like calcium hydroxyapatite
(Cay(PO4)e(OH)y) and calcium fluoride (CaFy) [10,11].

Hydroxyapatite Nps (HA Nps) has been used extensively in the field of dentistry. By releasing inorganic ions,
these Nps can effectively fill the enamel's micropores [12]. Due to their high solubility, quick ion release,
ability to produce active oxygen species, and other properties, these nanosized particles also have good
antibacterial effects [13]. These particles act similarly to the apatite crystals seen in biological enamel due to
their shape and crystallinity. A recent study showed that enamel resistance to demineralization was
enhanced through pH cycling by resin-based infiltrates doped with hydroxyapatite nanorods [14]. However
certain metal ions like zinc and silver can be added to hydroxyapatite to enhance its antimicrobial effects. A
property of copper is its potent antibacterial action. It has been demonstrated that exposure to copper
surfaces, copper ions in solution, and suspensions of copper Nps will kill both gram-negative and gram-
positive bacteria [15]. A study by Ghosh et al. investigated the antibacterial properties of copper-doped
hydroxyapatite coatings against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) [16]. The
study concluded that due to the delayed release of copper ions from the coatings, the material demonstrated
copper concentration-dependent antibacterial action against both types of bacteria. According to a study by
Ravi et al., strontium-substituted hydroxyapatite showed a 56% and 35% decrease in microbial growth for E.
coli and S. aureus, respectively [17]. The antimicrobial properties of HA Nps in orthodontics composites have
been discussed previously [18]. However, the effect on the antimicrobial properties after the addition of
metal ions like strontium and copper in orthodontic composite needs to be explored. The present study is
the first to incorporate CuSrHA Nps in the orthodontic composite. The present study aimed to characterize
and assess the antimicrobial properties of strontium and copper-doped HA Nps in an orthodontic composite

Transbond XT™ (Ormco Corporation, Glendora, USA).

Materials And Methods

The present in vitro study was conducted at Saveetha Dental College, Chennai. Institutional ethical
clearance was obtained before the commencement of the study (IHEC/SDC/UG-1926/23//91).

Preparation of SrCuHA Nps

The preparation of strontium and copper co-substituted hydroxyapatite (SrCuHA) nanoparticles (Nps) was
based on the techniques used by Salahuddin et al. [19] and Sodagar et al. [20]. First pure HA Nps was
prepared using 0.1 M individual solutions of calcium nitrate tetrahydrate (Ca(NOz)y4H,0) (Merck Group,

Darmstadt, Germany) and 0.6 M ammonium dihydrogen phosphate (NH4H,PO,4) (Merck Group, Darmstadt,
Germany). The pH was adjusted to 11 using aqueous ammonia. To form pure HA Nps, the NH4H,PO, solution
was added dropwise to the Ca(NO3)y4H,0 solution and stirred vigorously for two hours. When a white-

colored precipitate was formed, the solution was transferred to a Teflon-lined autoclave and subjected to
hydrothermal treatment in a furnace at 200°C for five hours. The solution was then cooled to room
temperature, filtered, washed several times with deionized water, and dried in an air oven at 100°C
overnight. Powdered forms of pure HA Nps were obtained. To the pure HA Nps, Sr(NOz)39H0 (Merck Group,
Darmstadt, Germany) and Cu(NOs), ¢H,0 (Merck Group, Darmstadt, Germany) solutions were added
dropwise, and the mixture was stirred for two hours. When the white-colored precipitate was formed, the
solution was transferred to a Teflon-lined autoclave and subjected to hydrothermal treatment in a furnace at
200°C for five hours. The respective solution was then cooled to room temperature, filtered, washed several
times with deionized water, and dried in an air oven at 100°C overnight. This produced powdered forms of
SrCuHA Nps. This synthesized SrCuHA nanoparticle was characterized using Fourier transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), and energy-dispersive X-ray analysis (EDAX).

Characterization of SrCuHA Nps
The SrCuHA Nps were characterized using FTIR, for EDAX before integrating into the orthodontic composite.
The chemical composition of the SrCuHA Nps was determined for EDAX. The functional group analysis of

the Nps was investigated using FTIR in the frequency range of 4000-400 em™! (ALPHA 2, Bruker
Corporation, Billerica, USA). The surface morphology of the SrCuHA Nps was studied using high-resolution
scanning electron microscopy (HR-SEM) (JSM IT-800, JEOL, Ltd., Akishima, Japan).

Incorporation of the SrCuHA Nps into the orthodontic composite

The prepared SrCuHA Nps was incorporated into commercially available orthodontic composite Transbond

XT™ (Ormco Corporation, Glendora, USA). The incorporation technique used was based on the study by
Reddy et al. [21]. About 200 mg of SrCuHA Nps were mixed with 2 g of orthodontic composite in a semi-dark
environment using a glass spatula. The Nps mixed with composite was placed in a vortex mixer (Labquest,
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Borosil, India) with 600 rpm speed of rotation for 10 minutes. To prevent water dispersion into the prepared
nanoparticle composite, it was placed in previously washed and capped beakers, and to avoid light exposure
into the composite. The beakers were covered with black Teflon tape and then sonicated for 60-90 minutes.
To maintain the stable temperature in the composite, ice cubes were added to water in the ultra-sonication
system. The obtained SrCuHA Nps-incorporated composite was now kept in a dark airtight container for
antimicrobial testing. The obtained nanocomposite was dissolved in the ratio of two different
concentrations (20 pl and 40 pl) in 1 ml of dimethyl sulfoxide. Thus, one sample group containing a higher
concentration of Nps (40 ul) and another sample containing a lower concentration of Nps (20 ml) were
obtained. The obtained SrCuHA Nps-incorporated composite structure was analyzed using HR-SEM (JSM IT-
800, JEOL, Ltd., Akishima, Japan).

Assessment of antibacterial property

The infection-causing gram-positive bacteria of S. aureus (MTCC-740), Streptococcus mutans (S. mutans)
(MTCC-890), and gram-negative bacteria E. coli (MTCC-443) were maintained on a nutrient broth flask that
contained all the essential nutrients to inhibit the growth of microbes. The test bacterial suspensions (20 pl)

containing 150 cells ml ! were used.

The agar well diffusion method was used to assess the antimicrobial efficacy. About 100 mL of Mueller
Hinton agar for S. mutans, S. aureus, and E. coli were prepared, sterilized, and poured onto the Petri plates.
The plates were allowed for solidification. After solidification, the respective plates were swabbed with the
prepared bacterial suspensions. After swabbing, four wells on each plate were formed using a gel puncher. To
those four wells, SrCuHA Nps-incorporated composite was loaded as two concentrations of 20 uL and 40 pL.
Another well was filled with a control containing an antibiotic mixture of streptomycin and amoxicillin. The
plates were then incubated at 37°C for 24 hours. Positive test results were scored when a zone of inhibition
(ZOTI) was observed around the well after the incubation period.

Results

The characterization of the prepared SrCuHA Nps was done.

FTIR spectroscopy

Figure I displays the FTIR spectra for the CuSrHA Nps before integrating with the orthodontic composite. In
the SrCuHA structure, the peak locations between 900 and 1100 cm™! and 550 and 667 cm™! are connected to

PO43' and are regarded as a fingerprint zone of hydroxyapatite structure. The stretching and bending

vibrations of the -OH groups in SrCuHA were connected to the peak positions at 3580 cm ! and 667 cm™1.

Peaks at 3430 cm™! and 1632 cm ™1, which represent the stretching and bending modes of H,0 molecules in
SrCuHA, respectively, were observed. In SrCuHA, the C032’ groups may be found in the frequency ranges of

870 cm™' and 1457 cm™L.

2023 Kumar et al. Cureus 15(10): e47495. DOI 10.7759/cureus.47495 30of8


javascript:void(0)

Cureus

110 T T T T r T v T r
100 |
d A 7]
90 } 3430 cm 3580 cm
J 1457 cm E
@ o
g 804 667 cn |
o} .
=
£ 70 4
0
o o
(e =
= 60~
50 <
40 -
30 L S S IS e B e s e e e e ey ey
0 500 1000 1500 2000 2500 3000 3500 4000 4500
1

wavenumber (cm”

)

FIGURE 1: FTIR spectroscopy image of the SrCuHA Nps.

Between 900 cm™" and 1100 cm™ and 550 cm™ and 667 cm™, respectively, are the characteristic absorption
bands of the P034' group. Due to the -OH group in SrCuHA, low-intensity absorption bands are present at 3580

cm™ and 667 cm™!. H,O molecules are represented by the peaks at 3430 cm™ and 1632 cm™ in SrCuHA.

FTIR: Fourier transform infrared spectroscopy; SrCuHA Nps: Strontium and copper co-substituted hydroxyapatite
nanoparticles

EDAX spectroscopy

The EDAX spectrum in Figure 2 shows that the dominating elements on the SrCuHA nanoparticle are Ca, P,
Sr, Cu, and O, and thus the spectrum supports the formation of SrCuHA Nps. The mapping results provide
evidence of a homogeneous distribution of mineral ions.
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FIGURE 2: EDAX spectrum of the SrCuHA Nps.

The peaks indicate the presence of dominant elements in the prepared SrCuHA nanoparticle. The dominant
elements included Ca, P, O, C, Sr, and Cu.

Cu: Copper; Sr: Strontium; C: Carbon; O: Oxygen; P: Phosphate; Ca: Calcium; EDAX: Energy-dispersive X-ray
analysis; SrCuHA Nps: Strontium and copper co-substituted hydroxyapatite nanoparticles

SEM analysis
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HR-SEM was done to analyze the structure of SrCuHA Nps and also the SrCuHA-incorporated orthodontic
composite. Figures 5a¢ and 3b show the SEM image of the SrCuHA nanoparticle and the SrCuHA Nps
integrated into the orthodontic composite, respectively. Figure 35a shows highly agglomerated Nps. The
particles had a porous and unordered morphology. Figure 5b shows the SEM image of the SrCuHA Nps after
successful integration with the orthodontic composite. Co-substitution increased the stability of
hydroxyapatite and orthodontic composite.

FIGURE 3: SEM image of the SrCuHA Nps and SrCuHA Nps integrated
composite. a) SEM image of SrCuHA Nps, b) SEM image of the SrCuHA
nanoparticles integrated into an orthodontic composite.

SEM: Scanning electron microscopy; SrCuHA Nps: Strontium and copper co-substituted
hydroxyapatite nanoparticles

Antimicrobial property

Table 7 and Figure 4 represent the measured ZOI for all the three groups. The maximum inhibition of S.
aureus was seen in the control group (14 mm) followed by a 20 ml concentration of the SrCuHA Nps-
incorporated composite (12 mm). With regard to S. mutans, the maximum ZOI was 40 ml of the SrCuHA Nps-
incorporated composite (16 mm) followed closely by the control group (15 mm). The maximum ZOI of E. coli
was by the control group (19 mm) followed by 40 ml of the SrCuHA Nps-incorporated composite (17 mm).

Group Zone of inhibition

S. aureus S. mutans E. coli
Control group 14 mm 15 mm 19 mm
40 ml of SrCuHA Nps composite 10 mm 16 mm 17 mm
20 ml SrCuHA Nps composite 12 mm 11 mm 15 mm

TABLE 1: Zones of inhibition of the three groups against microorganisms (S. aureus, S. mutans,
and E. coli).
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FIGURE 4: a) ZOl against S. mutans, b) ZOI against S. aureus, c) ZOI
against E. coli.

ZOl: Zone of inhibition; S. mutans: Streotococcus mutans; S. aureus: Staphylococcus aureus; E.coli: Escherichia
coli

Discussion

In the current study, StTCuHA Nps were successfully integrated into the orthodontic composite. Utilizing
FTIR, EDAX, and SEM imaging, the Nps were characterized. It verified the successful formation of the
nanoparticle. SEM analysis of the SrCuHA Nps-incorporated composite was done. It verified the successful
production and uniform inclusion of the Nps in the composite.

Korowash et al. characterized and investigated the antibacterial property of powdered strontium-copper-
doped hydroxyapatite against S. mutans and Candida albicans using the well diffusion method [22]. The study
reported ZOI against S. mutans that were similar to the present study. Huang et al. investigated the
antibacterial capabilities of SrCuHA nanoparticle coating on implants [23]. It was found that the SrCuHA
coating showed the maximum activity against the E. coli compared to the control group and pure
hydroxyapatite. The antimicrobial results demonstrated (antimicrobial ratio 90.7%) that copper ions
generated by SrCuHA have some bactericidal impact against E. coli. In the present study, the maximum ZOI
was in the control group followed closely by high concentration of the SrCuHA Nps-incorporated composite.
Another study investigated the antibacterial capabilities of strontium-copper co-doped mesoporous
bioactive glass [24]. They concluded that as the nanoparticle ion content increased, so did the ZOI. The
present study also found increased ZOI by the composite with a higher concentration of the SrCuHA Nps
except against S. aureus.

Sodagar et al. studied the antimicrobial properties of silver hydroxyapatite nanocomposite against S. mutans,
Lactobacillus acidophilus, and Streptococcus sanguinis [20]. They found that silver Nps had reduced the growth
of cariogenic bacteria S. mutans but not the noncariogenic bacteria. The antibacterial properties of silver
nanomaterials against a variety of microorganisms are well recognized [25]. Other metals, alloys, and metal
oxides are known to have antibacterial properties and offer a potential avenue for treating antibiotic-
resistant forms of bacteria while receiving much less research than silver [26]. The present study utilized
copper and strontium to improve the antimicrobial efficacy of hydroxyapatite and showed comparable ZOI
against S. mutans similar to the previous study. In a study, Argueta-Figueroa et al. investigated the
antibacterial properties of composite materials containing copper Nps [27]. They discovered that the copper
nanoparticle-containing composites significantly inhibited the growth of S. aureus, E. coli, and S. mutans.
Yassaei et al. examined the antibacterial effects of orthodontic composites containing various Nps on S.
mutans over time, including hydroxyapatite, titanium oxides, zinc oxides, copper oxides, and silver oxide
Nps [28]. Short-term bactericidal effects are produced when 1% copper oxide and 1% silver oxide are added.

Limitations

The present study was a preliminary in vitro study and hence the results are not generalizable. The
antibacterial property of the nanoparticle was assessed at one point in time only. The antimicrobial
properties of the SrCuHA Nps-incorporated composite must be assessed in different time durations for its
clinical application. Further extensive studies exploring the antimicrobial properties of SrCuHA Nps-
incorporated composite against other oral pathogens, the effect of the nanoparticle on the bond strength,
changes in mechanical properties, and the biocompatibility of the SrCuHA Nps doped composite must be
evaluated for its clinical application.

Conclusions

The CuSrHA Nps were synthesized and integrated into an orthodontic composite. The Nps were
characterized using EDAX, FTIR, and SEM showing successful dispersion of the CuSrHA particles into the
composite structure. The SrCuHA Nps-incorporated composite at 40 pl concentration showed the highest
ZO0I against S. mutans and comparable ZOI as the control group against E coli. SrCuHA Nps-incorporated
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composite at 20 ul showed the highest ZOI against S. aureus. The CuSrHA nanoparticle is a promising
compound for incorporation into an orthodontic composite for its antimicrobial properties.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Shweta Nagesh, Raja Kumar, SP Mani
Drafting of the manuscript: Shweta Nagesh, Raja Kumar, SP Mani

Critical review of the manuscript for important intellectual content: Shweta Nagesh, Raja Kumar, SP
Mani

Supervision: Shweta Nagesh, SP Mani

Acquisition, analysis, or interpretation of data: Raja Kumar, SP Mani

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board - Saveetha Dental College and Hospitals issued approval IHEC/SDC/UG-1926/23//91. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Behnaz M, Dalaie K, Mirmohammadsadeghi H, Salehi H, Rakhshan V, Aslani F: Shear bond strength and
adhesive remnant index of orthodontic brackets bonded to enamel using adhesive systems mixed with TiO2
nanoparticles. Dental Press | Orthod. 2018, 23:43.e1-7. 10.1590/2177-6709.23.4.43.e1-7.onl

2. Freitas AO, Marquezan M, Nojima Mda C, Alviano DS, Maia LC: The influence of orthodontic fixed
appliances on the oral microbiota: a systematic review. Dental Press ] Orthod. 2014, 19:46-55. 10.1590/2176-
9451.19.2.046-055.0ar

3. Sukontapatipark W, el-Agroudi MA, Selliseth NJ, Thunold K, Selvig KA: Bacterial colonization associated
with fixed orthodontic appliances. A scanning electron microscopy study. Eur ] Orthod. 2001, 23:475-84.
10.1093/ejo/23.5.475

4. Gorelick L, Geiger AM, Gwinnett AJ: Incidence of white spot formation after bonding and banding . Am |
Orthod. 1982, 81:93-8. 10.1016/0002-9416(82)90032-x

5. Adel SM, El-Harouni N, Vaid NR: White spot lesions: biomaterials, workflows and protocols . Semin Orthod.
2023, 29:68-78.

6.  Amaechi BT, McGarrell B, Luong MN, Okoye LO, Gakunga PT: Prevention of white spot lesions around
orthodontic brackets using organoselenium-containing antimicrobial enamel surface sealant. Heliyon. 2021,
7:€06490. 10.1016/j.heliyon.2021.e06490

7. Jasso-Ruiz I, Velazquez-Enriquez U, Scougall-Vilchis R], Morales-Luckie RA, Sawada T, Yamaguchi R:  Silver
nanoparticles in orthodontics, a new alternative in bacterial inhibition: in vitro study. Prog Orthod. 2020,
21:24. 10.1186/540510-020-00324-6

8. Vaid NR, Adel SM: Contemporary orthodontic workflows: a panacea for efficiency? . Semin Orthod. 2023,
29:1-3.

9. Padmanabhan S: Nanotechnology in orthodontics. Semin Orthod. 2023, 29:79-84.

10. Ahmadian E, Shahi S, Yazdani ], Maleki Dizaj S, Sharifi S: Local treatment of the dental caries using
nanomaterials. Biomed Pharmacother. 2018, 108:443-7. 10.1016/j.biopha.2018.09.026

11.  Scribante A, Dermenaki Farahani MR, Marino G, Matera C, Rodriguez Y Baena R, Lanteri V, Butera A:
Biomimetic effect of nano-hydroxyapatite in demineralized enamel before orthodontic bonding of brackets
and attachments: visual, adhesion strength, and hardness in in vitro tests. Biomed Res Int. 2020,
2020:6747498. 10.1155/2020/6747498

12.  Sari MN, Tabaii ES, Vaziri AS, Ghaffari H, Araghbidi M, Amirabadi GE: Effect of nano-hydroxyapatite
incorporation into resin modified glass ionomer cement on ceramic bracket debonding. | Iran Dent Assoc.
2014, 26:208-13.

13.  Seyedmajidi S, Rajabnia R, Seyedmajidi M: Evaluation of antibacterial properties of
hydroxyapatite/bioactive glass and fluorapatite/bioactive glass nanocomposite foams as a cellular scaffold of
bone tissue. ] Lab Physicians. 2018, 10:265-70. 10.4103/JLP.JLP 167 17

14.  Andrade Neto DM, Carvalho EV, Rodrigues EA, et al.: Novel hydroxyapatite nanorods improve anti-caries
efficacy of enamel infiltrants. Dent Mater. 2016, 32:784-93. 10.1016/j.dental.2015.08.041

15.  Vincent M, Hartemann P, Engels-Deutsch M: Antimicrobial applications of copper. Int | Hyg Environ

2023 Kumar et al. Cureus 15(10): e47495. DOI 10.7759/cureus.47495 70f8


https://dx.doi.org/10.1590/2177-6709.23.4.43.e1-7.onl
https://dx.doi.org/10.1590/2177-6709.23.4.43.e1-7.onl
https://dx.doi.org/10.1590/2176-9451.19.2.046-055.oar
https://dx.doi.org/10.1590/2176-9451.19.2.046-055.oar
https://dx.doi.org/10.1093/ejo/23.5.475
https://dx.doi.org/10.1093/ejo/23.5.475
https://dx.doi.org/10.1016/0002-9416(82)90032-x
https://dx.doi.org/10.1016/0002-9416(82)90032-x
https://www.semortho.com/article/S1073-8746(23)00002-6/fulltext
https://dx.doi.org/10.1016/j.heliyon.2021.e06490
https://dx.doi.org/10.1016/j.heliyon.2021.e06490
https://dx.doi.org/10.1186/s40510-020-00324-6
https://dx.doi.org/10.1186/s40510-020-00324-6
https://www.semortho.com/article/S1073-8746(23)00023-3/fulltext
https://www.semortho.com/article/S1073-8746(23)00005-1/fulltext
https://dx.doi.org/10.1016/j.biopha.2018.09.026
https://dx.doi.org/10.1016/j.biopha.2018.09.026
https://dx.doi.org/10.1155/2020/6747498
https://dx.doi.org/10.1155/2020/6747498
http://jida.ir/article-1-1650-en.html
https://dx.doi.org/10.4103/JLP.JLP_167_17
https://dx.doi.org/10.4103/JLP.JLP_167_17
https://dx.doi.org/10.1016/j.dental.2015.08.041
https://dx.doi.org/10.1016/j.dental.2015.08.041
https://dx.doi.org/10.1016/j.ijheh.2016.06.003

Cureus

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Health. 2016, 219:585-91. 10.1016/j.ijheh.2016.06.003

Ghosh R, Swart O, Westgate S, Miller BL, Yates MZ: Antibacterial copper-hydroxyapatite composite
coatings via electrochemical synthesis. Langmuir. 2019, 35:5957-66. 10.1021/acs.langmuir.9b00919

Ravi ND, Balu R, Sampath Kumar TS: Strontium-substituted calcium deficient hydroxyapatite
nanoparticles: synthesis, characterization, and antibacterial properties. ] Am Ceram Soc. 2012, 95:2700-8.
10.1111/5.1551-2916.2012.05262.x

Hasan LA: Evaluation the properties of orthodontic adhesive incorporated with nano-hydroxyapatite
particles. Saudi Dent J. 2021, 33:1190-6. 10.1016/j.sdentj.2021.01.001

Salahuddin N, Ibrahim EM, El-Kemary M: Different methods for preparation of hydroxyapatite
nanostructures. Biointerface Res Appl Chem. 2023, 13:236. 10.33263/BRIAC133.201

Sodagar A, Akhavan A, Hashemi E, et al.: Evaluation of the antibacterial activity of a conventional
orthodontic composite containing silver/hydroxyapatite nanoparticles. Prog Orthod. 2016, 17:40.
10.1186/540510-016-0153-x

Reddy AK, Kambalyal PB, Patil SR, Vankhre M, Khan MY, Kumar TR: Comparative evaluation and influence
on shear bond strength of incorporating silver, zinc oxide, and titanium dioxide nanoparticles in
orthodontic adhesive. ] Orthod Sci. 2016, 5:127-31. 10.4103/2278-0203.192115

Korowash SI, Keskin-Erdogan Z, Hemdan BA, Barrios Silva LV, Ibrahim DM, Chau DY: Selenium- and/or
copper-substituted hydroxyapatite: a bioceramic substrate for biomedical applications. ] Biomater Appl.
2023, 38:351-60. 10.1177/08853282231198726

Huang Y, Hao M, Nian X, et al.: Strontium and copper co-substituted hydroxyapatite-based coatings with
improved antibacterial activity and cytocompatibility fabricated by electrodeposition. Ceram Int. 2016,
42:11876-88. 10.1016/j.ceramint.2016.04.110

Anand A, Sengupta S, Kanikova H, et al.: Influence of copper-strontium co-doping on bioactivity,

cytotoxicity and antibacterial activity of mesoporous bioactive glass. Gels. 2022, 8:743. 10.3390/gels8110743

Zheng K, Setyawati MI, Leong DT, Xie J: Antimicrobial silver nanomaterials. Coord Chem Rev. 2018, 357:1-
17.10.1016/j.ccr.2017.11.019

Regiel-Futyra A, Dabrowski JM, Mazuryk O, et al.: Bioinorganic antimicrobial strategies in the resistance
era. Coord Chem Rev. 2017, 351:76-117. 10.1016/j.ccr.2017.05.005

Argueta-Figueroa L, Scougall-Vilchis RJ, Morales-Luckie RA, Olea-Mejia OF: An evaluation of the
antibacterial properties and shear bond strength of copper nanoparticles as a nanofiller in orthodontic
adhesive. Aust Orthod J. 2015, 31:42-8.

Yassaei S, Nasr A, Zandi H, Motallaei MN: Comparison of antibacterial effects of orthodontic composites
containing different nanoparticles on Streptococcus mutans at different times. Dental Press ] Orthod. 2020,
25:52-60. 10.1590/2177-6709.25.2.052-060.0ar

2023 Kumar et al. Cureus 15(10): e47495. DOI 10.7759/cureus.47495

8of8


https://dx.doi.org/10.1016/j.ijheh.2016.06.003
https://dx.doi.org/10.1021/acs.langmuir.9b00919
https://dx.doi.org/10.1021/acs.langmuir.9b00919
https://dx.doi.org/10.1111/j.1551-2916.2012.05262.x
https://dx.doi.org/10.1111/j.1551-2916.2012.05262.x
https://dx.doi.org/10.1016/j.sdentj.2021.01.001
https://dx.doi.org/10.1016/j.sdentj.2021.01.001
https://dx.doi.org/10.33263/BRIAC133.201
https://dx.doi.org/10.33263/BRIAC133.201
https://dx.doi.org/10.1186/s40510-016-0153-x
https://dx.doi.org/10.1186/s40510-016-0153-x
https://dx.doi.org/10.4103/2278-0203.192115
https://dx.doi.org/10.4103/2278-0203.192115
https://dx.doi.org/10.1177/08853282231198726
https://dx.doi.org/10.1177/08853282231198726
https://dx.doi.org/10.1016/j.ceramint.2016.04.110
https://dx.doi.org/10.1016/j.ceramint.2016.04.110
https://dx.doi.org/10.3390/gels8110743
https://dx.doi.org/10.3390/gels8110743
https://dx.doi.org/10.1016/j.ccr.2017.11.019
https://dx.doi.org/10.1016/j.ccr.2017.11.019
https://dx.doi.org/10.1016/j.ccr.2017.05.005
https://dx.doi.org/10.1016/j.ccr.2017.05.005
https://pubmed.ncbi.nlm.nih.gov/26219146/#:~:text=Conclusion%3A The results of the,NPs added as a nanofiller.
https://dx.doi.org/10.1590/2177-6709.25.2.052-060.oar
https://dx.doi.org/10.1590/2177-6709.25.2.052-060.oar

	Preparation and Assessment of Antimicrobial Effect of Strontium and Copper Co-substituted Hydroxyapatite Nanoparticle-Incorporated Orthodontic Composite: A Preliminary In Vitro Study
	Abstract
	Background and aims
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Preparation of SrCuHA Nps
	Characterization of SrCuHA Nps
	Incorporation of the SrCuHA Nps into the orthodontic composite
	Assessment of antibacterial property

	Results
	FTIR spectroscopy
	FIGURE 1: FTIR spectroscopy image of the SrCuHA Nps.

	EDAX spectroscopy
	FIGURE 2: EDAX spectrum of the SrCuHA Nps.

	SEM analysis
	FIGURE 3: SEM image of the SrCuHA Nps and SrCuHA Nps integrated composite. a) SEM image of SrCuHA Nps, b) SEM image of the SrCuHA nanoparticles integrated into an orthodontic composite.

	Antimicrobial property
	TABLE 1: Zones of inhibition of the three groups against microorganisms (S. aureus, S. mutans, and E. coli).
	FIGURE 4: a) ZOI against S. mutans, b) ZOI against S. aureus, c) ZOI against E. coli.


	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


