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Objective: We aimed to evaluate the cell viability and antimicrobial effects
of orthodontic bands coated with silver or zinc oxide nanoparticles (nano-
Ag and nano-ZnO0, respectively). Methods: In this experimental study, 30
orthodontic bands were divided into three groups (n = 10 each): control
(uncoated band), Ag (silver-coated band), and ZnO (zinc oxide-coated band).
The electrostatic spray-assisted vapor deposition method was used to coat
orthodontic bands with nano-Ag or nano-Zn0. The biofilm inhibition test
was used to assess the antimicrobial effectiveness of nano-Ag and nano-Zn0O
against Streptococcus mutans, Lactobacillus acidophilus, and Candida albicans.
Biocompatibility tests were conducted using the 3-(4, 5-dimethylthiazol-2-yl)-2
5-diphenyltetrazolium bromide assay. The groups were compared using one-
way analysis of variance with a post-hoc test. Results: The Ag group showed a
significantly higher reduction in the number of L. acidophilus, C. albicans, and S.
mutans colonies than the ZnO group (p = 0.015, 0.003, and 0.005, respectively).
Compared with the control group, the Ag group showed a 2-log,, reduction in
all the microorganisms’ replication ability, but only S. mutants showed a 2-log,,
reduction in replication ability in the ZnO group. The lowest mean cell viability
was observed in the Ag group, but the difference between the groups was
insignificant (p > 0.05). Conclusions: Coating orthodontic bands with nano-
7Zn0 or nano-Ag induced antimicrobial effects against oral pathogens. Among
the nanoparticles, nano-Ag showed the best antimicrobial activity and nano-
7Zn0 showed the highest biocompatibility.
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INTRODUCTION

Oral hygiene is greatly complicated following fixed
orthodontic appliance placement.' In many patients re-
ceiving fixed orthodontic therapy, molar bands are used
throughout the treatment period, which normally lasts
1.5 to 2 years.”

The oral microbiological ecosystem may be altered
by the insertion of bands through an increase in the
number of cariogenic microorganisms (Lactobacillus
acidophilus and Streptococcus mutans), accumulation
of plaque, improvement of Candida albicans coloniza-
tion, and reduced plaque pH.’ Clinically, such ecological
alterations cause an increased occurrence of oral soft
tissue disease and white spot lesions.* White spots can
form around orthodontic attachments as early as within
a month of treatment initiation.”

Routinely used measures for dental biofilm removal
include mechanical biofilm removal, tooth brushing, and
antimicrobial or antiplaque agent use.® However, these
approaches may not entirely remove microorganisms,
and biofilm formation may not be prevented. The per-
sistence of drug-resistant microorganisms might disrupt
the natural bacterial flora.”

White spot lesions during orthodontic treatment have
a documented etiology. Briefly, the accumulation of
plaque and food around attachments such as brackets,
bands, and wires decreases the pH and increases S. mu-
tans colonization, potentially leading to clinical demin-
eralization. "

Therefore, methods with minimum side effects and
maximum benefits are preferred in clinical practice.
These methods include treating the surface of the metal
appliance, such as coating it with nanoparticles, and
they have been used to decrease or prevent bacterial ag-
gregation around the teeth." Because of their small size,
high surface-to-volume ratio, and a large amount of
contact with the external environment, metal nanopar-
ticles have many antimicrobial properties.'

Silver (Ag) nanoparticles (nano-Ag) have been re-
ported to show greater antimicrobial activity than other
metal nanoparticles.” Studies have evaluated the cyto-
toxicity of nano-Ag against fungi, protozoa, and gram-
negative and gram-positive bacteria such as S. mutans
and L. acidophilus. As nano-Ag have been confirmed
to possess antimicrobial properties, especially against S.
mutans, they have been used as an antimicrobial addi-
tive in dental materials.'*"”

Zinc oxide (Zn0) has significant antimicrobial proper-
ties against gram-positive and gram-negative bacteria
and is an essential mineral for humans. ZnO nanopar-
ticles (nano-Zn0) have been found to have antimicro-
bial properties, to be safe for humans, and to be non-
polluting to the environment and are therefore used as
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an antimicrobial agent.'®

Although coating orthodontic bands with nano-ZnO
and nano-Ag does not reduce the number of bacteria
in the oral cavity, it may reduce the colonization and
plaque formation on the bands. Since the bands are in
contact with the oral mucosa and fluids for a long time,
they must be biocompatible.

The antimicrobial properties and biocompatibility of
orthodontic brackets and wires coated with nano-Ag
or nano-Zn0 have been studied.”” However, studies on
orthodontic bands and comparisons between the two
nanoparticles are lacking.

This study aimed to evaluate and compare the cell vi-
ability and antimicrobial effects of orthodontic bands
coated with nano-Ag and those coated with nano-ZnO
because no study has simultaneously assessed the an-
timicrobial properties and biocompatibility of nano-Ag
and nano-Zn0.

MATERIALS AND METHODS

Study design
This was an experimental, in vitro study.

Nano-Ag and nano-ZnO

The nanoparticles were supplied by Pishgaman Iranian
Nanomaterials Company (Mashhad, Tran). X-ray dif-
fraction (TESCAN MIRA3; TESCAN, Paterson, Australia)
was used to confirm the nature of the nanoparticles.
Nanoparticle size and shape were confirmed using field
emission scanning electron microscopy (FESEM, TESCAN
MIRA3; accelerating voltage: 15 kV) and transmission
electron microscopy (TESCAN MIRA3).

Coating procedure

Of the 30 stainless steel orthodontic bands (American
Orthodontics, Sheboygan, W1, USA) used in this study,
10 were not coated (control group), 10 were coated with
nano-Ag (Ag group), and 10 were coated with nano-
Zn0 (ZnO group). The electrostatic spray-assisted vapor
deposition method was used to coat the bands with na-
no-Ag or nano-Zn0. The ZnO suspension was prepared
by mixing 0.1 g of ZnO powder with 3 mL of acetone;
the Ag suspension was prepared similarly. The suspen-
sion was pumped at a flow rate of 10 mL/hr using a
syringe pump at a distance of 3 cm from the bands. An
input voltage of 8 kV was applied at the nozzle tip and
counter electrode. FESEM and energy-dispersive X-ray
spectroscopy were used to confirm the coating of the
nanoparticles on the surface of the bands.

Coating adhesion

To evaluate the adhesion of the coating to the sur-
face of the band, routine oral hygiene procedures such
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as brushing were simulated. After the presence of the
nanoparticles on the surface of the bands was confirmed
using FESEM, the coated band was immersed in 2 mL of
artificial saliva for 30 days. The bands were brushed with
a soft toothbrush using distilled water for 2 minutes,
twice daily, for 1 month. Subsequently, FESEM was used
to re-examine the presence of nanoparticles on the sur-
face of the bands.

Microorganisms and growth conditions

The ATCC 35668, ATCC 314, and ATCC 14053 strains
of S. mutans, L. acidophilus, and C. albicans, respective-
ly, were obtained from the Pasteur Institute of Iran (Teh-
ran, Tran). S. mutans and L. acidophilus were incubated
in tryptic soy broth (Merck, Darmstadt, Germany) in the
presence of 5% CO, and C. albicans has incubated in
brain heart infusion (BH1) broth (Merck) under aerobic
conditions for 48 hours at 37°C.

Antimicrobial assay

We added the bands to tubes containing the micro-
bial suspensions with a concentration of 0.5 McFarland
(1.5 x 10° colony forming units [CFU]/mL for S. mutans
and L. acidophilus; 1.5 x 10° CFU/mL for C. albicans)
and incubated them at 37°C according to the growth
conditions of each microorganism for microbial biofilm
formation.

After 48 hours of incubation, the bands were washed
under aseptic conditions in 1 mL of sterile normal saline
to remove loosely bonded microorganisms and those in
the planktonic phase. The bands were then placed in
tubes containing 1 mL of sterile BHI broth and vortexed
at high speed for 1 minute to separate the microbial
biofilm from the surface of the bands. The obtained
microbial suspensions were serially diluted, and 10-uL
aliquots were inoculated into BHI agar (Merck). The
plates containing S. mutants and L. acidophilus were
incubated at 37°C in the presence of 5% CO,, and those
containing C. albicans were aerobically incubated. After

24 hours, the CFU/mL of each sample was calculated.'
The experiment was repeated three times.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay

The MTT assay was performed as outlined in 1SO
10993-5." Human gingival fibroblasts (HGF; IBRCC
10459) were seeded in 96-well plates using Dulbecco’s
modification of Eagles culture medium (ldehzist, Teh-
ran, Iran) containing 10% fetal bovine serum (Capricorn,
Diisseldorf, Germany) and 1% penicillin/streptomycin
(Biosera, Nuaille, France). The cell density was 10 x 10°
cells/well. The cells were incubated for 24 hours at 37°C
in a humidified atmosphere with 5% CO,.

To evaluate the indirect cytotoxicity of the coated
bands, extracts were prepared by incubating the samples
in a medium containing serum at an extraction ratio of
0.75 cm’/mL for 24 hours (Figure 1). The experiment
was repeated three times.

After 24 hours of incubation, the eluents were removed
from each well, and 40 pL of MTT solution (5 mg/mL
MTT [Sigma, Merck, Germany] in phosphate saline) was
added followed by re-incubation for 3-4 hours at 37°C
and 5% CO,. Finally, the MTT solution was removed,
60 pL of dimethylsulfoxide solution was added to each
well, and the absorbance was determined at 570 nm us-
ing Microplate Reader (BioTek, Santa Clara, CA, USA).

To evaluate the morphological changes in the HGF, we
considered the morphology of the cells that were not in
contact with the band as normal and compared it with
the morphology of the cells in contact with the band.

Statistical analysis

The data were analyzed using SPSS version 29.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were used
to describe the data and one-way analysis of variance,
repeated-measures analysis of variance, and the post-
hoc Games—-Howell and Tukey tests were used to analyze
the data. The level of significance was set at p < 0.05.
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Figure 1. Cells after the addition of eluents but before 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
assay. A, Uncontacted cells with the band. B, Contacted cells with the nano-Ag-coated band. C, Contacted cells with the
nano-ZnO-coated band. D, Contacted cells with the uncoated band.
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RESULTS

Characteristics of the nano-Ag and nano-ZnO

The morphological characteristics of the nano-Ag
and nano-Zn0 have been shown in Figures 2 and 3, re-
spectively. As demonstrated in Figures 2A and 3A, the
nanoparticles were predominantly spherical and uniform
in shape, and the distribution of the nanoparticles was
visually acceptable. FESEM revealed that the particles were
smaller than 60 nm (Figures 2B and 3B); this was con-
firmed by the X-ray diffraction graphs (Figures 2C and 3C).

FESEM and energy-dispersive X-ray spectroscopy
findings

FESEM indicated the presence of nano-Ag and nano-
Zn0 on the respective band surfaces (Figures 4A and
5A). Energy-dispersive X-ray spectroscopy of the bands
coated with nano-Ag and nano-ZnO showed the pres-
ence of Ag and Zn ions, respectively, in addition to the
normal constituents of the band (Figures 4B and 5B).
The estimated values by weight of Ag and Zn were
62.53% and 64.02%, respectively. Post-brushing FESEM
confirmed the presence of the nanoparticles on the

band surface.

Antimicrobial effect

As shown in Figure 6 and Table 1, the mean numbers
of L. acidophilus colonies cultured from the nano-Ag-
coated, nano-ZnO-coated, and uncoated bands were
4.3+ 0.55 x 10" CFU/mL, 31.0 + 4.35 x 10’ CFU/mL,
and 656.6 + 61.1 x 10’ CFU/mL, respectively. The mean
numbers of C. albicans colonies cultured from the nano-
Ag-coated, nano-Zn0O-coated, and uncoated bands
were 2.96 + 0.71 x 10" CFU/mL, 111.0 + 8.18 x 10*
CFU/mL, and 460.0 + 55.7 x 10" CFU/mL, respectively.
The mean numbers of S. mutans colonies cultured from
the nano-Ag-coated, nano-ZnO-coated, and uncoated
bands were 2.6 + 0.7 x 10° CFU/mL, 46.3 + 4.51 x 10°
CFU/mL, and 6,166.7 + 1,106.04 x 10° CFU/mL, respec-
tively (Table 1). The differences among all the groups
were significant (p < 0.05).

Compared with the control group, the Ag and ZnO
groups showed 3.4- and 2.14-log,, reductions in the
number of S. mutans, 2.18- and 1.36-log,, reductions
in the number of L. acidophilus, and 2.2- and 0.6-log,,
reductions in the number of C. albicans, respectively.
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Figure 2. Characterization of synthesized Ag nanoparticles. A, Transmission electron microscopy image of Ag nanopar-
ticles in optimal conditions (scale bar: 20 nm). B, Field emission scanning electron microscopy image of Ag nanoparticles
in optimal conditions (scale bar: 200 nm). C, X-ray diffraction graph of Ag nanoparticles.
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Figure 3. Characterization of synthesized ZnO nanoparticles. A, Transmission electron microscopy image of ZnO
nanoparticles in optimal conditions (scale bar: 20 nm). B, Field emission scanning electron microscopy image of ZnO
nanoparticles in optimal conditions (scale bar: 200 nm). C, X-ray diffraction graph of ZnO nanoparticles.
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Cell viability

Figure 7 shows the mean cell viability in each group.
The lowest mean cell viability was observed in the Ag
group (0.42 + 0.02), followed by the ZnO group (0.45 +
0.02) and the control group (0.48 + 0.04), in that order.
The relative percentages of viable cells in control, ZnO,
and Ag groups were 98%, 91.8%, and 85.7%, respec-
tively, in comparison with an untreated (100%) control.
The mean cell viability of the Ag group was lower than
that of the other two groups, but the differences among
the groups were not significant (p > 0.05).

With a sample comprising a single layer of 10459
HGF cells with normal morphology used as the control,
indirect contact assay (Figure 8A) showed that the mor-
phology of the cells did not change after they came into
contact with the bands coated with nano-Ag or nano-
Zn0 (Figure 8B and 8C).

DISCUSSION

Oral hygiene maintenance has long been an important
challenge in patients receiving fixed orthodontic treat-
ment, leading clinicians to search for methods that are
minimally dependent on patient cooperation. The use
of fluoride-releasing materials is appropriate for caries-
prone patients, but they are primarily used in dental of-
fices and their use is limited.”

Studies have assessed the antimicrobial properties of
nanoparticles.”’** Adding nanoparticles to orthodontic
adhesives can be problematic and can have a negative
effect on their mechanical properties.”®*® The use of Ag
ions containing nano-Zn0 in orthodontic composites
decreases the shear bond strength.” Further, the dis-
coloration of composite resins caused by nano-Ag (1
mM) is problematic for dental applications.”® Therefore,
nanoparticles have only recently been added to metal
orthodontic materials. However, various properties of
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Figure 6. Colony count of the
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Table 1. Descriptive values of the colony count for each microbial strain in the three groups (colony forming units/mL)

95% confidence interval of

Dependent q A op q Standard the difference
Groups variable Maximum  Minimum Median Mean deviation
Lower bound Upper bound
Ag L. acidophilus 4.9 x 10 3.8 x 10’ 4.3 x 10 43x10°  0.55x10° 2.9 % 10 5.7 x 10
C. albicans 3.6 x 10 2.2 x 10" 3.1x10* 2.96 x 10* 0.71 x 10* 1.2 x 10" 4.7%x10"
S. mutans 3.3x10° 1.9x 10° 2.5x%10° 2.6 x 10° 0.7 x 10° 0.82 x 10° 43x10°
ZnO  L.acidophilus ~ 36.0x10"  28.0x10°  29.0x10°  31.0x10"  4.35x 10’ 20.1 x 107 41.8x 10"
C. albicans 118.0x10*  102.0x10* 113.0x10* 111.0x10* 8.18 x 10* 90.7 x 10*  131.3x10*
S. mutans 51.0 x 10° 42.0 x 10° 46.0 x 10° 46.3 x 10° 4.51 x 10° 35.1 x 10° 57.5x 10°
Control L.acidophilus ~ 710.0x 10"  590.0x 10" 670.0x10" 656.6x 10"  61.1x10" 504.9x10"  808.4 x 10
C. albicans 520.0 x 10  410.0 x 10*  450.0 x 10*  460.0 x 10* 55.7x 10"  321.7x10*  598.3x 10"
S. mutans 7,200.0 x10°  5,000.0 x 10° 6,300.0x 10° 6,166.7x 10° 1,106.04 x 10° 3,419.1 x 10° 8,914.2 x 10°

L. acidophilus, Lactobacillus acidophilus; C. albicans, Candida albicans; S. mutans, Streptococcus mutans.

nanoparticles (such as size, shape, consistency, and sur-
factant type) can affect their antimicrobial effect;**
therefore, their properties should be re-evaluated when
they are combined with other materials.

Orthodontic bands, a type of fixed metal orthodontic
appliance, remain in the mouth throughout treatment.
Due to the large area of the bands compared with the
bonded attachments and due to food becoming trapped
around the bands, using an orthodontic band with an-
timicrobial properties makes it possible to prevent tooth
decay and oral lesions.

In this study, we evaluated the cell viability and anti-
microbial effect against S. mutans, L. acidophilus, and
C. albicans associated with stainless steel orthodontic
bands coated with nano-Zn0O or nano-Ag. The results
showed that nano-Ag-coated bands showed lower bio-
compatibility than nano-Zn0O-coated bands, although

www.e-kjo.org https://doi.org/10.4041/kjod22.091

the difference was not significant (0.42 + 0.02 vs. 0.45
+ 0.02, p > 0.05). Furthermore, nano-Ag-coated bands
(0.1 g nano-Ag in 3 mL acetone) showed a significantly
higher reduction in the number of colonies of all three
microorganisms (S. mutans, L. acidophilus, and C. al-
bicans) than nano-ZnO-coated (nano-Zn0O in 3 mL
acetone) or uncoated bands. This result was consistent
with that of Hernandez-Sierra et al.,”’ who evaluated the
effects of nano-Ag (25 nm), and nano-Zn0 (125 nm) on
S. mutans and reported that the antimicrobial activity
of nano-Ag is much higher than that of nano-Zn0O and
gold nanoparticles.”

The reduction in the number of colonies of all three
microorganisms induced by each of the nanoparticles
was statistically significant when compared with that
in the control group. However, to use the term “antimi-
crobial” clinically, dental materials must show at least
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a 2-log reduction in bacterial ability compared with a
control material.” Accordingly, this term can be used for
nano-Ag-coated bands because it showed the necessary
reduction in the number of all three microorganisms’
colonies. For nano-ZnO-coated bands, the term “anti-
microbial” can only be used for S. mutans because the
reduction of L. acidophilus and C. albicans was less than
2-log. Nevertheless, these small reductions may also be
clinically relevant.

The results of some previous studies contradict
our results. Kasraei et al.”’ concluded that ZnO had a
more significant antimicrobial effect than Ag against S.
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Figure 7. Mean cell viability in each group. A, Uncontact-
ed cells with the band. B, Contacted cells with the nano-
Ag-coated band. C, Contacted cells with the nano-ZnO-

coated band. D, Contacted cells with the uncoated band.
Cl, confidence interval; SE, standard error.

mutans, but there was no difference between the two
nanoparticles’ antimicrobial effect against L. acidophi-
lus.”” However, we observed a significant difference in
the mean number of S. mutans and L. acidophilus colo-
nies between the Ag and ZnO groups. This difference in
results may be due to differences in nanoparticle size
and concentration; Kasraei et al.”® used 1% solutions of
nano-Zn0 and nano-Ag, with an average particle size of
50 nm and 20 nm, respectively. Reducing the nanopar-
ticle size increases the specific surface area. Hence, the
interaction of the nanoparticles with the environment
increases. Besides, cell wall penetration is facilitated by
small particle sizes. Therefore, the antimicrobial effect
of substances like Ag and Zn0O, which are naturally anti-
microbial, is enhanced by increasing the surface/volume
ratio.

Hailan and Al-Khatieeb™ demonstrated a reduction in
the number of S. mutans colonies around primer discs
containing nano-Zn0 and nano-Ag, which is consistent
with our results. However, in their study, the antimicro-
bial effect of nano-Zn0 against S. mutans was signifi-
cantly higher than that of nano-Ag, which is inconsis-
tent with the results of our study.”® These differences
might be attributed to the size of the nanoparticles
used; in their study, the nano-Zn0 (50 nm) was smaller
than the nano-Ag (80 nm), while in our study, the aver-
age size of both nanoparticles was 20 nm. The concen-
tration of both nanoparticles in the primer in the study
of Hailan and Al-Khatieeb™ was 1%. In our study, the
bands were coated with 0.1 g of Ag or 0.1 g of ZnO in
3 mL of acetone.

Prabha et al.” demonstrated the antimicrobial effect
of nano-Ag against gram-positive pathogens. They used
the thermal evaporation method to coat orthodontic
bands (vacuum of 5 x 10~ millibar at 961°C for 10 min-

Figure 8. Monolayer culture of the 10459 human gingival fibroblast (HGF) cell line was used for indirect contact assay. A,
The control sample consists of a confluent layer of fibroblast cells. Most of the cells are spindle-shaped, which is consid-
ered normal. B, The band coated with Ag nanoparticles showed no change in cell morphology following contact with the
10459 HGF confluent layer. C, The 10459 HGF cells in contact with the band coated with ZnO nanoparticles also showed
normal morphology. D, The 10459 HGF cells in contact with the uncoated band are spindle-shaped. A, Uncontacted cells
with the band; B, Contacted cells with the nano-Ag-coated band; C, Contacted cells with nano-ZnO-coated band; and D,
Contacted cells with the uncoated band.
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utes) and showed the biocompatibility of bands coated
with nanoparticles. In our study, the antimicrobial effect
and biocompatibility of nano-Ag and nano-ZnO were
compared, although our results differed from theirs. The
difference in the FESEM findings of the two studies was
due to the method of coating the bands. In our study,
the bands were coated using the electrostatic spray-
assisted vapor deposition method (distance: 3 cm, rate:
200 rpm, and voltage: 8 kV), which is cost-effective and
suitable for coating alloys and metal objects.”’

Several in vitro studies have been performed on the
mechanisms underlying the toxicity of nano-ZnO and
nano-Ag in mammalian cells.”®* These studies revealed
that the intrinsic toxicity of the metals and solubility of
the nanoparticles dictated by the metals’ chemical fea-
tures, uptake, and potential to induce oxidative stress
were the main mechanisms underlying the cytotoxicity.

Clinical trials are the most reliable way to determine
biocompatibility. Nonetheless, ethical considerations
limit their use. 1t is essential to assess the toxicity and
biocompatibility of dental materials before they are
used in clinical practice. The use of biocompatible den-
tal materials presents no or minimal danger."’ The MTT
analysis indicated that the orthodontic bands coated
with nano-Ag or nano-Zn0 had no major or significant
cytotoxic effects. From our results, it is evident that all
coated bands significantly prevent the growth of the
primary bacteria responsible for dental caries (S. mutans,
Lactobacillus spp, and C. albicans) and reduce the likeli-
hood of plaque accumulation and dental caries in the
long orthodontic treatment duration. Nano-ZnO-coated
bands are considered to be more useful than nano-
Ag-coated bands because they are less toxic and have
antimicrobial properties that are comparable to those of
nano-Ag coated bands.

After comprehensively searching the dental litera-
ture, we believe this is the first study to compare the
antimicrobial properties of nano-Ag-coated bands and
nano-ZnO-coated bands. One strength of this study is
the investigation and comparison of the antimicrobial
effects of these nanoparticles against the main microor-
ganisms implicated in the formation of dental caries and
the biocompatibility of these nanoparticles. However,
certain limitations exist. First, we did not use a brush-
ing machine to equalize the speed and force of brush-
ing when checking whether the coating adhered to the
surface. Second, we only investigated the antimicrobial
effect on a single species, and multispecies biofilms were
not evaluated. Third, although we assessed the impact
of nanoparticle coatings on cariogenic microorganisms,
peri-pathogenic bacteria remain to be investigated in a
future study.

Further studies are needed on the durability of the
ions released from nanoparticle-coated bands and the

www.e-kjo.org https://doi.org/10.4041/kjod22.091

changes in the physical properties of the material, such
as its long-term stability in the oral environment and the
retention of nanoparticles during clinical application.

CONCLUSIONS

We found that the antimicrobial properties of coated
orthodontic bands were significantly higher than those
of uncoated bands. The antimicrobial properties of
nano-Ag-coated bands were significantly higher than
those of nano-ZnO-coated bands. The lowest cell vi-
ability rate was observed in the nano-Ag-coated bands,
and the highest cell viability rate was observed in the
uncoated bands, but this difference was not statistically
significant.
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