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Abstract

Background and objectives: The aim of this in-vitro study was to evaluate the
antibacterial effect of adding different concentrations of chitosan nanoparticles (CS-NPs)
into composite resin and their effect on shear bond strength (SBS) of orthodontic brackets.

Article Info

Received: 1 July, 2025
Accepted: 20 September, 2025

i Materials and methods: 60 composite resins disks containing 0%, 1%, 5%, and 10%
Published: 16 October, 2025

w/w CS-NPs were prepared for disk agar diffusion test on days 3, 15 and 30. SBS test
was conducted on 60 intact maxillary first premolars which were bonded with Composite
resins containing 0%, 1%, 5%, and 10% w/w CS-NPs. The bracket/tooth SBS was
measured by Universal testing machine. ANOVA, Tukey HSD post hoc test, Kruskal-
Wallis and Mann-Whitney statistical tests were used to analyze the data with significance
set as 0.05.

Results: All concentrations of CS-NPs showed antibacterial activity, creation and
extension of inhibition zone. Composite resin containing 10% w/w CS-NPs had
significant effect on extension of inhibition zone for S.mutans on day 3 (P-value: 0.007).
Inhibition zone was decreased in long term which was not significant in 5% and 10%w/w
CS-NPs composite. The highest mean shear bond strength was observed in the 0% w/w
CS-NPs composite, while the lowest value was recorded in the 10% w/w CS-NPs group.
Tukey HSD analysis showed that the 10% w/w CS-NPs group had significantly lower
SBS than the Transbond XT control and 1% w/w CS-NPs groups.

Conclusion: On the basis of this study, adding all concentrations of CS-NPs to
orthodontic composite enhances its antibacterial activity with minimal adverse effect on
shear bond strength.
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1. Introduction

Decalcification of the enamel, manifesting as white spot
lesions, frequently occurs during fixed orthodontic treatment,
especially in areas surrounding the brackets (1) . Using
composite resins for bonding orthodontic brackets is simple
and esthetically acceptable however the exposed bonding
material may facilitate bacterial adhesion and plaque
accumulation, potentially leading to enamel demineralization
(2,3). Thus, ensuring that oral hygiene is maintained at a
satisfactory level is imperative to prevent these side effects.

Young orthodontic patients, particularly those who are under
13 years of age, frequently show a lack of commitment to a
regular tooth brushing schedule. Establishing an antimicrobial
bonding system has the potential to address the challenges
posed by inadequate cooperation. Numerous research efforts
have been directed towards improving the antibacterial
properties of composite resins, frequently involving the
addition of various nanoparticles such as Cu20, ZnO, Ag, and
Hydroxyapatite (4-7). The primary objective of the research
was to enhance the ability of nanoparticles to penetrate the
cell wall of bacteria, specifically Streptococcus mutans, which
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is the predominant microorganism present in cariogenic
plaques (8,9).

Chitosan is a biocompatible biodegradable and bioactive
linear aminopolysaccharide known for its antiviral,
antifungal, and antimicrobial properties (10). The
antibacterial mechanism of chitosan relies on the presence of
amino groups (NH3) within its molecular structure. These
groups can interact with the bacterial membrane,
compromising its structural integrity and leading to the
leakage of intracellular components from the bacteria (11).
Aiming to investigate the effects of Chitosan nanoparticles on
Streptococcus mutans and the shear bond strength of adhesive
composites used in orthodontic applications, this study
considered the benefits associated with the manufacture of
composite resins that exhibit antibacterial properties and
appropriate bonding strength.

2. Materials and methods

2.1. Preparation of chitosan NPs

The Chitosan powder, (Sigma Aldrich, USA) possessing a low
molecular weight with 75-85% deacetylation, was lightly
agitated in a 1% acetic acid solution for 24 hours until it
dissolved completely. The pH was then adjusted to 7 by
adding 2 molars of NaOH. A filter with a pore size of 1
micrometer (Millipore) was employed to isolate the
undissolved substances. Following this, Sodium Triphosphate
was gradually incorporated into the chitosan solution,
maintaining a stirring speed of 800 rpm for 45 minutes. The
resultant particles were then separated using a centrifuge set
at 2500 rpm for 30 minutes. The particles were thoroughly
washed with deionized water several times before being
freeze-dried by Lyophilize freeze-dryer. Once frozen, the
particles were crushed to yield nanoparticles ready for
application.

2.2. Preparation of modified composites

To create 10%, 5%, and 1% concentrations, CS-NPs were
integrated into the conventional composite (Transbond XT,
3M Unitek, USA) following a specific procedure. The mixing
process commenced with a spatula on a glass slab in a semi-
dark environment. This was followed by the use of a Vortex
mixing machine (Heidolph, Germany) for a duration of 5
minutes to achieve a consistent mixture.

2.3. Preparation of bacterial suspensions

Streptococcus mutans (Strain ATCC 25175) was obtained
from the Iranian Research Organization for Science and
Technology (IROST). The organism was then seeded onto
Mitis Salivarius agar (Merck, Germany) with the addition of
1% potassium tellurite, in accordance with standard protocols,
to yield fresh colonies for the preparation of a microbial
suspension. The density of the resulting suspension was
modified using sterile phosphate buffered saline (PBS) to
conform to the 0.5 McFarland standard concentration, which

was utilized in the experimental procedures.

2.4. Composite disc preparation

Standard ring-shaped molds with a diameter of Smm were
positioned between glass slides to achieve a smooth surface
after being filled with composite materials, comprising 15
samples of conventional composite and 45 samples of CS-
NPs composite at concentrations of 1%, 5%, and 10% (15
each). A visible light cure at a wavelength of 450 nm was
administered for a duration of 40 seconds using the Smart Lite
Max LED Curing Light from Dentsply-Milford, USA. All
specimens, totaling 60, underwent sterilization through UV
radiation.

2.5. Disc agar diffusion test (DAD)

Sixty composite discs, comprising conventional and CS-NPs
composites, were randomly assigned into four groups of 15
discs. These discs were placed on BHI agar plates, which
contained 200 uL of bacterial solution, maintaining a
separation of 2 cm between them. After an incubation period
of 48 hours at 37°C, the bacterial inhibition zones were
measured. This evaluation took place on the third, fifteenth-,
and thirtieth-days following incubation in artificial saliva.

2.6. Shear bond strength test (SBS)

A total of sixty intact maxillary premolars, exhibiting no
visible cracks or caries, were stored in a 0.1% Tymol solution
at a temperature of 4°C for one week. These specimens were
randomly divided into four groups of 15, each subjected to a
bracket bonding procedure with one of the following options:
conventional composite (control), composite with 1% CS-
NPs, composite with 5% CS-NPs, or composite with 10% CS-
NPs. The buccal surfaces were cleaned using a prophylaxis
brush without powder, followed by rinsing and drying.
Afterward, 37% phosphoric acid (Fineetch, Korea) was
applied to the buccal surfaces for a duration of 30 seconds,
followed by a 15-second rinse and gentle air dryingA uniform,
thin layer of adhesive (3M Unitek, USA) was uniformly
applied to the buccal surfaces and light cured with a SmartLite
Max LED Curing Light (Dentsply-Milford, USA) for 15
seconds. Subsequently, stainless steel orthodontic brackets
(Dentaurum, Discovery, Germany, Standard edgewise, 0.22
slot, 12.62 mm? base area) were affixed at a distance of 4 mm
from the tip of the buccal cusp and light cured for 10 seconds
on each side. The specimens were subjected to thermocycling
for 1500 cycles within a 24-hour timeframe to mimic the oral
environment. Each cycle comprised 15 seconds of immersion
in a 5°C water bath, a 10-second dwell period, and 15 seconds
of immersion in a 55°C water bath. Then, the thermocycled
teeth were embedded in plastic molds with a diameter of 2.5
cm, which were subsequently filled with self-cured acrylic
resin (Acropars, Iran) to the level of the cement-enamel
junction. The shear bond strength was assessed utilizing a
universal testing machine (Walter + baiag, Switzerland). The
specimens were arranged so that the base of the bracket was
aligned parallel to the direction of the applied force. A metal
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blade was employed in an inciso-gingival orientation at a
crosshead speed of 0.5 mm/min to exert shear force on the
composite interface. The resulting force value (N) was
divided by the bracket surface area (12.62 mm?) to determine
the SBS in MegaPascal.

2.7. Statistical analysis

The data were analyzed using one-way ANOVA, Tukey HSD
post hoc test, Kruskal-Wallis test, and Mann-Whitney U test,
with the significance level set at 0.05. The data were first
evaluated for normality, revealing that the shear bond strength
data followed a normal distribution, while the anti-microbial
results did not. Accordingly, the shear bond strength data were
analyzed using one-way ANOVA, followed by Tukey HSD
post hoc test for pairwise comparisons. In contrast, the
antimicrobial data were assessed using the Kruskal-Wallis
test, followed by Mann-Whitney U tests for pairwise
comparisons.

1. Results

3.1. DAD test

The average values of the bacterial growth inhibition zones
are displayed in Table 1. In all repeated tests conducted on
days 3, 15, and 30, the resin composite containing 10% w/w
CS-NPs exhibited the largest diameters of inhibition zones

(8.54, 7.58, and 6.86, respectively), whereas the conventional
composite with 0% particles demonstrated no inhibition zone.
Notably, on days 3, 15, and 30, the 10% w/w CS-NPs showed
a significantly larger inhibition zone compared to the other
groups in the study. Significant differences were noted in the
1% w/w CS-NPs relative to the control group only on day 3.
On days 15 and 30, there were no significant differences
among the groups (1%, 5%, and 10% w/w CS-NPs), as
presented in Table 2. Furthermore, the findings indicated a
decline in the inhibition diameter over the course of days 3,
15, and 30 in composite resins that incorporated
nanoparticles, as detailed in Table 3.

3.2. SBS test

Table 4 presents the descriptive statistics of the SBS test. The
mean + SD SBS values were 13.94 = 1.43 MPa for Transbond
XT, 13.75 + 1.52 MPa for 1% w/w CS-NPs, 12.13 £ 2.61 MPa
for 5% w/w CS-NPs, and 10.96 + 2.43 MPa for 10% w/w CS-
NPs. The highest mean SBS was observed in the Transbond
XT control group, whereas the lowest value was recorded in
the 10% w/w CS-NPs group.

One-way ANOVA showed a statistically significant
difference in SBS among the study groups, F (3,56) = 6.996,
P < 0.001 (Table 5). Tukey HSD post hoc analysis showed
that the 10% w/w CS-NPs group had significantly lower SBS
values than both the Transbond XT control group and the 1%
w/w CS-NPs group. No statistically significant differences
were observed among the remaining pairwise comparisons
(Table 6).

Table 1. S. mutans inhibition diameter (mm) in 1%, 5%, and 10% w/w CS-NPs containing composite and control groups in DAD

test.

Composites

Mean + SD Minimum Maximum

Transbond XT (0%) 15 5
30 5

3 5

1% w/w CS-NPs 15 5
30 5

3 5

5% w/w CS-NPs 15 5
30 5

3 5

10% w/w CS-NPs 15 5
30 5

0 0 0
0 0 0
6.96 % 0.50 6.40 7.50
6.72 £ 0.40 6.30 7.20
634+ 035 6.00 6.70
7.52 £ 0.37 7.20 8.10
6.96 % 0.28 6.70 7.40
6.32 + 0.24 6.00 6.50
0544 117 7.50 10.00
7,58+ 0.83 6.50 8.50
6.86 % 0.62 6.00 7.60

*Statistically significant at P < 0.05.
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Table 2. Pairwise comparison of inhibition zone diameter by adding 1%, 5%, and 10% w/w CS-NPs to resin composite in day 3.

Study Groups 1% w/w CS-NPs 1% w/w CS-NPs 1% w/w CS-NPs
1% w/w CS-NPs - 0.451 0.016*

5% w/w CS-NPs 0.451 - 0.57
10% w/w CS-NPs 0.016* 0.79 -

Table 3. Pairwise comparison of inhibition zone diameter by adding 1% w/w CS-NPs to resin composite by time (P-value).

Day Day 3 Day 15 Day 30
Day 3 - 0.052 *0.012
Day 15 0.52 - *0.012
Day 30 *0.012 *0.012 -

*Statistically significant at P < 0.05.

Table 4. Descriptive data of SBS test in groups (Mpa).

Study groups Mean = SD Minimum Maximum

Transbond XT 13.94+1.43 11.19 17.09
1% w/w CS-NPs 13.75+1.52 11.23 16.38
5% w/w CS-NPs 12.134+2.61 9.53 18.21
10% w/wCS-NPs 10.96+2.43 6.96 15.01

Table 5. ANOVA test results.

SBS Sum of squares df Mean square F P-value
Between Groups 90.054 3 30.018 6.996 <0.001*
Within Groups 240.284 56 4.291
Total 330.339 59

*Statistically significant at P < 0.05.
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Table 6. Tukey HSD post hoc pairwise comparisons of shear bond strength among study groups.

Comparison

Mean difference (MPa)

CI95% Adjusted P-value

Transbond XT vs 1% w/w CS-NPs 0.188
Transbond XT vs 5% w/w CS-NPs 1.812
Transbond XT vs 10% w/w CS-NPs 2.981
1% w/w CS-NPs vs 5% w/w CS-NPs 1.624
1% w/w CS-NPs vs 10% w/w CS-NPs 2.793
5% w/w CS-NPs vs 10% w/w CS-NPs 1.169

-1.815t0 2.191 0.995
-0.191 to 3.815 0.090
0.979 to 4.984 0.001*
-0.379 to 3.627 0.151
0.791 to 4.796 0.003*
-0.834 t0 3.172 0.418

*Statistically significant at P < 0.05.

4. Discussion

This in-vitro study aimed to analyze the antibacterial efficacy
of different concentrations of Chitosan nanoparticles (CS-
NPs) when added to composite resin, along with their impact
on the shear bond strength of orthodontic brackets. According
to the finding of the study, enhancing the antibacterial activity
of orthodontic composite resins can be achieved by
integrating all concentrations of CS-NPs but the adverse
effects on shear bond strength of brackets varies due to
various concentrations.

The Effective oral hygiene plays a vital role in the success of
orthodontic treatment, heavily relying on the compliance of
the patient. Exploring approaches that lessen the dependence
on patient cooperation, such as the integration of
antimicrobial agents within composite resins, could be
advantageous (12). Previous research has demonstrated that
various  nanoparticles, including chitosan, exhibit
antimicrobial properties (7,13,14). The current research
investigated the antibacterial efficacy of CS-NPs on S.
mutans, the principal cariogenic microorganism found in the
oral cavity, which significantly contributes to the
demineralization of enamel (15). The assessment of the
antimicrobial properties of chitosan nanoparticles (CS-NPs)
over an extended period was crucial due to the prolonged
nature of orthodontic treatments. The findings of this study
indicated that, in the short term (specifically over a duration
of three days), all groups containing nanoparticles exhibited
markedly superior antimicrobial effects in comparison to
Transbond XT. Furthermore, the 10% w/w CS-NPs

demonstrated a significantly larger inhibition zone than the
1% w/w CS-NPs. However, as time progressed (on days 15
and 30), the antimicrobial efficacy diminished across all three
groups, resulting in no significant differences among them.
The study conducted by Mirhashemi et al. (16), highlighted
the antimicrobial effects achieved by the incorporation of
chitosan nanoparticles (CS-NPs) and zinc oxide nanoparticles
(ZnO-NPs) into composite resin. The results demonstrated
that this combination possessed significant antibacterial
properties, particularly at elevated concentrations of the
nanoparticles. The antimicrobial effects of the 1% w/w CS-
NPs group were found to be similar to those of the control
group, in contrast to the 5% and 10% w/w CS-NPs groups,
which significantly decreased the growth of S. mutans
organisms.

Sodagar et al. (17), demonstrated that adding
TiO; nanoparticles into orthodontic composite resins
increases antimicrobial effect against composite while the
mean shear bond strength of composite containing 1% and 5%
NPs has sufficient bond strength. Khan et al. (18), has also
observed that ZnO and Cu20 nanoparticles can inhibit
bacterial growth and colonization. However, it is important to
highlight that the combination of silver and Cu20
nanoparticles with composites resulted in color alterations,
which undermines the aesthetic objectives and the
polymerization process of the composites.

The augmentation of antibacterial efficacy in resin composites
is advantageous; however, it may compromise the shear bond
strength associated with bracket bonding. This study's results
revealed a decline in shear bond strength for the control and
the 1%, 5%, and 10% w/w CS-NP groups, with measurements
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0f 13.94,13.75, 12.13, and 10.96 MPa, respectively. Reynolds
showed 6 to 8 MPa shear bond strength as the minimum
acceptable shear bond strength for routine clinical application
(19) and Kim et al. demonstrated that a shear bond strength of
up to 14 MP is deemed acceptable for orthodontic procedures,
aiming to reduce potential damage to enamel during the
debonding of brackets (20). The findings of this study
indicated that the results for shear bond strength fell within an
acceptable range. It is important to highlight that the shear
bond strength observed in-vivo is lower than that measured in-
vitro. The disparity may reach as high as 40%-60% for
Transbond Plus and Transbond XT, respectively. This
variation can be attributed to factors such as tensile, shear, and
torsional forces, as well as the presence of humidity and
microbial plaque in the oral cavity, all of which can negatively
affect shear bond strength (21-23). Poosti et al. reported that
incorporation of 1% w/w TiO: nanoparticles significantly
reduced shear bond strength compared with the control group.
In the present study, however, the 1% w/w CS-NPs group
showed no statistically significant reduction in SBS compared
with Transbond XT, whereas a significant reduction was
observed only in the 10% w/w CS-NPs group (14).

Akhavan et al. also indicated that the incorporation of 1% and
5% silver and hydroxyapatite nanoparticles did not negatively
impact the shear bond strength (SBS); however, the addition
of 10% of these nanoparticles resulted in a significant
decrease in SBS (17).

5. Limitations

Consistent with the nature of in-vitro studies, the current
research faces limitations in accurately simulating the oral
cavity environment, which underscores the necessity for
randomized controlled trials (RCTs) to substantiate the
findings. Furthermore, to support the application of
nanoparticles, it is imperative to explore their influence on all
the mechanical and chemical properties of bonding resin
composites.

6. Conclusion

On the basis of this study, adding CS-NPs at all tested
concentrations to orthodontic composite resins enhanced their
antibacterial activity. The 1% w/w CS-NPs composite resin
showed the most favorable balance, with minimal adverse
effect on shear bond strength and antibacterial activity
comparable to the 5% and 10% w/w CS-NPs groups on day
30.

Acknowledgements
None.

Ethics

This study is conducted with the approval by the ethics
committee of Shahid Sadoughi University of Medical
Sciences (IR.SSU.REC.1395.175).

Using artificial intelligence (AI)

No artificial intelligence-based tools were employed in any
stage of this research (i.e., study design, analysis, manuscript
preparation, etc.).

Author contributions

Mohammad Hossein Toodehzaeim: Supervision

Zahra Moradi: Investigation, Formal analysis, Writing —
Original draft

Elaheh Rafiei: Supervision

Mostafa Mohebbi: Writing — Review & editing

Pedram Toodehzaim: Writing — Review & editing

Conflict of interest
The authors declare no conflicts of interest.

Funding
This study is funded by Shahid Sadoughi University of
Medical Sciences (Grant number: 35278).

References

1. Derks A, Katsaros C, Frencken JE, van't Hof MA, Kuijpers-
Jagtman AM. Caries-inhibiting effect of preventive measures
during orthodontic treatment with fixed appliances. A
systematic review. Caries Res. 2004;38(5):413-20.

2. Demling A, Heuer W, Elter C ,Heidenblut T, Bach FW,
Schwestka-Polly R, et al. Analysis of supra- and subgingival
long-term biofilm formation on orthodontic bands. Eur J
Orthod. 2009;31(2):202-6.

3. Zimmer BW, Rottwinkel Y. Assessing patient-specific
decalcification risk in fixed orthodontic treatment and its
impact on prophylactic procedures. Am J Orthod Dentofacial
Orthop. 2004;126(3):318-24.

4. Algarni AA. Antibacterial Agents for Composite Resin
Restorative Materials: Current Knowledge and Future
Prospects. Cureus. 2024;16(3):e57.212

5.Imazato S, Ebi N, Takahashi Y, Kaneko T, Ebisu S, Russell
RR. Antibacterial activity of bactericide-immobilized filler
for resin-based restoratives. Biomaterials. 2003;24(20):3605-
9.

6. Syafiuddin T, Hisamitsu H, Toko T, Igarashi T, Goto N,
Fujishima A, et al. In vitro inhibition of caries around a resin
composite restoration containing antibacterial filler.
Biomaterials. 1997;18(15):1051-7.

7. Uysal T, Yagci A, Uysal B, Akdogan G. Are nano-
composites and nano-ionomers suitable for orthodontic
bracket bonding? Eur J Orthod. 2010;32(1):78-82.

8. Amir Hossein M, Abbas B, Mohammad Zaman K,
Ghazaleh D, Mohammad Sadegh A-A, Ahmad S.
Antimicrobial Effect of Nano-Zinc Oxide and Nano-Chitosan
Particles in Dental Composite Used in Orthodontics. Journal
of Medical Bacteriology. 2015;2.(3-4)

9. Aydin Seving B, Hanley L. Antibacterial activity of dental
composites containing zinc oxide nanoparticles. J Biomed
Mater Res B Appl Biomater. 2010;94(1):22-31.

10. Egorov AR, Kirichuk AA, Rubanik VV, Rubanik VV,
Tskhovrebov AG, Kritchenkov AS. Chitosan and Its

Regeneration, Reconstruction & Restoration 2025; Volume 10: el4

This article is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



https://creativecommons.org/licenses/by/4.0/

Toodehzaeim et al.

7

Derivatives: Preparation and Antibacterial Properties.
Materials. 2023;16(18):6076.

11. Ravi Kumar MNV. A review of chitin and chitosan
applications.  Reactive and  Functional = Polymers.
2000;46(1):1-27.

12. Cheng L, Weir MD, Xu HH, Antonucci JM, Lin NJ, Lin-
Gibson S, et al. Effect of amorphous calcium phosphate and
silver nanocomposites on dental plaque microcosm biofilms.
J Biomed Mater Res B Appl Biomater. 2012;100(5):1378-86.
13. Budi HS, Jameel MF, Widjaja G ,Alasady MS,
Mahmudiono T, Mustafa YF, et al. Study on the role of nano
antibacterial materials in orthodontics (a review). Braz J Biol.
2022;84:€257070.

14. Poosti M, Ramazanzadeh B, Zebarjad M, Javadzadeh P,
Naderinasab M, Shakeri MT. Shear bond strength and
antibacterial effects of orthodontic composite containing
TiO2 nanoparticles. Eur J Orthod. 2013;35(5):676-9.

15. Roberts WE, Mangum JE, Schneider PM.
Pathophysiology of Demineralization, Part II: Enamel White
Spots, Cavitated Caries, and Bone Infection. Current
Osteoporosis Reports. 2022;20(1):106-19.

16. Mirhashemi A, Ahmad Akhondi MS, Sodagar A, Jalali
YF, Jazi L. Effect of nano—zinc oxide and nano-chitosan
particles on the shear bond strength of dental composites used
as orthodontic adhesive. Journal of the World Federation of
Orthodontists. 2021;10(4):172-6.

17. Akhavan A, Sodagar A, Mojtahedzadeh F, Sodagar K.
Investigating the effect of incorporating
nanosilver/nanohydroxyapatite particles on the shear bond
strength of orthodontic adhesives .Acta Odontol Scand.
2013;71(5):1038-42.

18. Khan S, Ahamed M, Al-Khedhairy A, Musarrat J.
Biocidal effect of copper and zinc oxide nanoparticles on
human oral microbiome and biofilm formation. Materials
Letters. 2013;97:67-70.

19. Reynolds IR. A Review of Direct Orthodontic Bonding.
British Journal of Orthodontics. 1975;2(3):171-8.

20. Kim MJ, Lim BS, Chang WG, Lee YK, Rhee SH, Yang
HC. Phosphoric acid incorporated with acidulated phosphate
fluoride gel etchant effects on bracket bonding. Angle Orthod.
20.678-84:(4)75;05

21. Hajrassie MK, Khier SE. In-vivo and in-vitro comparison
of bond strengths of orthodontic brackets bonded to enamel
and debonded at various times. Am J Orthod Dentofacial
Orthop. 2007;131(3):384-90.

22. Shaik JA, Reddy RK, Bhagyalakshmi K, Shah MJ,
Madhavi O, Ramesh SV. In vitro Evaluation of Shear Bond
Strength of Orthodontic Brackets Bonded with Different
Adhesives. Contemp Clin Dent. 2018;9(2):289-92.

23. Van Meerbeek B, Peumans M, Poitevin A, Mine A, Van
Ende A, Neves A, et al. Relationship between bond-strength
tests and clinical outcomes. Dent Mater. 2010;26(2):¢100-21.

Regeneration, Reconstruction & Restoration 2025; Volume 10: el4

This article is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



https://creativecommons.org/licenses/by/4.0/

