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Abstract

Background. Bracket bond failure is a common challenge in orthodontic practice that may prolong
treatment duration and increase clinical workload. Hence, this study aimed to evaluate the effect of
alcoholic and energy drinks on the shear bond strength (SBS) of orthodontic brackets bonded to
bovine enamel.

Methods. An in vitro experimental design was conducted using sixty bovine teeth randomly
assigned into three groups (n = 20): artificial saliva (control), alcoholic beverage (San Miguel Pale
Pilsen, 5% ABV), and energy drink (Cobra). The teeth were bonded with Optimus Metal Twin
Brackets using the Ormco Enlight Light-Cure Adhesive System after surface etching with 37%
phosphoric acid for 30 seconds. All specimens were stored in artificial saliva at 37°C between
immersion cycles to simulate intraoral conditions. Samples underwent cyclic immersion four times
daily for five minutes over 21 days. SBS was measured using a Universal Testing Machine (Instron
4467), and data were analyzed using One-Way Analysis of Variance (ANOVA) and Tukey's post-hoc
test at a 0.05 level of significance.

Results. Significant differences in SBS were found among the groups (p <.001). The artificial saliva
group demonstrated the highest mean SBS (6.65 + 0.29 MPa; 95% CI: 6.51-6.78), followed by the
alcoholic beverage group (4.99 + 0.19 MPa; 95% CI: 4.90-5.08), representing a 25.0% reduction
compared to the control. The energy drink group exhibited the lowest mean SBS (3.88 + 0.11 MPa;
95% CI: 3.83-3.93), representing a 41.6% reduction compared to the control. One-Way ANOVA
confirmed a statistically significant difference among groups, F (2,57) = 895.71, p <.001. Post-hoc
pairwise comparisons confirmed that all groups differed significantly from each other (p < .001),
with a very large effect size (n,* = 0.969). The mean SBS values for the alcoholic (4.99 MPa) and
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energy drink (3.88 MPa) groups fell below the clinically acceptable threshold of 5.9-7.9 MPa,
indicating an increased risk of clinical bracket failure.

Conclusion. Alcoholic and energy drinks significantly reduce the shear bond strength of orthodontic
brackets and may increase the risk of bracket debonding during treatment. These findings underscore
the importance of targeted dietary counseling, advising patients to limit the consumption of both
beverages to minimize treatment interruptions, clinical visits, and bracket failure. Further studies
using different beverages, bracket materials, and in vivo conditions are recommended.

Keywords: alcoholic beverages, bracket debonding; energy drinks; orthodontic brackets;
orthodontic materials; shear bond strength.
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Research Highlights

What is the current knowledge?

e Bracket bond failure is a frequent clinical challenge that prolongs treatment duration and
increases clinical workload.

e Acidic beverages, including cola and energy drinks, may reduce bond strength by
approximately 30-40%, while alcoholic solutions with high ethanol content can result in
reductions exceeding 40%.

e The shear bond strength (SBS) of orthodontic brackets is a critical parameter for clinical
success, with a minimum range of approximately 5.9 to 7.9 MPa considered clinically
acceptable.

e Previous studies have largely focused on international beverage brands, with limited

investigation of locally consumed Filipino beverages.

What is new in this study?

e This study provides localized evidence on the effects of commonly consumed Filipino
beverages (an alcoholic beverage and an energy drinks) on orthodontic bracket shear bond
strength.

e The research employs a controlled in vitro model with cyclic immersion over 21 days,
simulating real-life consumption frequency.

e The findings demonstrate that energy drinks produce a greater reduction in shear bond
strength (41.6%) compared to alcoholic beverages (25.0%), providing clinically actionable
evidence for patient counseling.

e  The study develops evidence-based proposed clinical guidelines for orthodontic patients
and practitioners in the Philippine setting.

© 2026 The Author (s). This work is published and licensed by VirtualRealia.org as an open access article under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). Non-commercial uses of the work are
permitted, provided the original work is properly cited.
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INTRODUCTION

Orthodontic treatment relies heavily on the successful bonding of brackets to enamel, as adequate shear bond
strength (SBS) ensures stable appliance performance and consistent force transmission while still allowing safe
bracket removal without enamel damage (Mandall et al., 2018; Emms & Brierley, 2025). Bracket bond failure
remains a frequent clinical challenge that directly affects treatment efficiency, extends treatment duration, and
increases clinical workload. The researcher's clinical observations of repeated bracket detachments requiring
additional rebonding appointments served as the primary motivation for this study.

One significant factor that affects adhesive stability is exposure to various beverages. Numerous studies
indicate that acidic, sugary, and alcoholic drinks can chemically degrade orthodontic adhesives and reduce SBS
(Sultan et al., 2023; Simunovi¢ et al., 2022; Madrid-Troconis et al., 2025). Acidic beverages, including cola
and energy drinks, may reduce bond strength by approximately 30-40% (Sajadi et al., 2014; losif et al., 2022;
Fusco et al., 2021), while alcoholic solutions with high ethanol content can result in reductions exceeding 40%
(Singh et al., 2018; Palani Swamy et al., 2018).

In the Philippines, energy drinks are widely consumed, particularly among youth aged 13 to 35, who constitute
approximately 65% of consumers according to the Philippine Food and Drug Administration. This consumption
is primarily driven by academic pressures, as a large number of university students use these beverages to cope
with study demands and exams (Zidan et al., 2024). Alcohol consumption is also a significant part of Filipino
culture, especially during social gatherings and celebrations (Yandug et al., 2023). A 2021 Department of
Health survey found that 40.1% of Filipino adults reported past 30-day alcohol use (Department of Health,
2021). Despite this high consumption, the impact of popular Filipino alcoholic beverages and energy drinks on
orthodontic bracket SBS has not been extensively investigated.

The beverages included in this study—representative alcoholic beverage and energy drink—were selected
based on their high popularity and frequent consumption among Filipinos, particularly adolescents and young
adults who commonly undergo orthodontic treatment. Both beverages possess chemical properties that may
compromise orthodontic bracket adhesion: alcoholic beverages contain ethanol that may weaken resin
materials, whereas energy drinks are acidic and high in sugar content, potentially reducing shear bond strength.

This paper is structured as follows: the methodology section details the experimental design, sample,
instruments, and procedures employed; the results section presents the objective findings; the discussion
interprets these findings in relation to existing literature; and the conclusion offers clinical recommendations
and directions for future research.

LITERATURE REVIEW

Orthodontic Brackets and Adhesive Systems

Orthodontic brackets are key components of fixed orthodontic appliances and are available in various designs
and materials to facilitate controlled orthodontic tooth movement (Mundhada et al., 2023). Brackets are
available in various types depending on clinical needs and aesthetic considerations, including non-self-ligating
metal brackets, self-ligating brackets, hybrid brackets combining ceramic and metal components, and tooth-
colored brackets constructed from ceramic, glass, or composite materials (Koaban et al., 2025). The
effectiveness of orthodontic treatment depends not only on the brackets but also on the adhesive that secures
them to the teeth. Resin-modified glass ionomer cement (RMGI) and composite resin are the most common
options for bonding orthodontic brackets (Subramanian et al., 2025). During bonding, resin tags penetrate the
etched enamel surface, which are crucial for micromechanical retention (Bhandari et al., 2019; Sahu et al.,
2024). The quality of this micromechanical interlocking directly influences the bond strength and longevity of
the bracket-enamel interface (Emms & Brierley, 2025).
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Shear Bond Strength and Clinical Acceptability

In dentistry, shear bond strength (SBS) refers to the maximum force an adhesive connection can sustain without
failure (EL-Awady et al., 2024). Bond failures remain one of the most significant challenges in orthodontic
practice. A recent systematic review and meta-analysis of randomized controlled trials reported bracket failure
rates ranging from 5.95% to 15.0% for resin-modified glass ionomer cement and 3.4% to 25.0% for
conventional resin adhesives (Sevindik et al., 2026).

A minimum range of approximately 5.9 to 7.9 MPa is generally considered clinically acceptable based on the
seminal work of Reynolds (1975), and this threshold has been widely adopted in subsequent research (Cruz et
al., 2021). Maintaining SBS within this range ensures that brackets can withstand masticatory and orthodontic
forces without frequent debonding, which would otherwise prolong treatment and increase patient visits.
Factors influencing SBS include adhesive type, curing method, enamel surface preparation, and environmental
conditions such as moisture contamination and thermal cycling (Mandall et al., 2018; Subramanian et al.,
2025).

Effects of Acidic Beverages on Bond Strength

Numerous studies have established the detrimental effects of acidic beverages on orthodontic bond strength.
The primary degradation mechanism involves hydrolytic degradation of the resin matrix, wherein acidic
solutions break ester bonds in the Bis-GMA polymer network, leading to the leaching of unreacted monomers
and filler particles (Fusco et al., 2021). Simultaneously, enamel demineralization occurs through the formation
of soluble calcium complexes, creating a weak boundary layer at the enamel surface that reduces mechanical
interlocking (Iosif et al., 2022; Madrid-Troconis et al., 2025). This dual action—resin degradation and enamel
erosion—synergistically compromises the bracket-adhesive-enamel complex.

Tosif et al. (2022) demonstrated that Red Bull energy drink significantly reduced SBS through acidic erosion,
with reductions ranging from 30% to 40% after 14 days of cyclic immersion. Similarly, Fusco et al. (2021)
found that Red Bull compromised bracket integrity through both surface softening and subsurface degradation.
Sajadi et al. (2014) reported that acidic soft drinks could reduce bond strength by approximately 30—40%, with
the most pronounced effects observed in beverages with pH values below 4.0. Sultan et al. (2023) further
confirmed the pH-dependent effects of various beverages on adhesive integrity, demonstrating that beverages
with higher acidity and sugar content produced greater reductions in SBS.

Energy drinks, in particular, pose a significant risk due to their low pH (typically 2.5-3.5) and high sugar
content, which promotes both direct chemical degradation and secondary bacterial acid production (Simunovi¢
et al., 2022). The cyclic consumption pattern typical of energy drink users—frequent sipping over extended
periods—increases the cumulative exposure time and exacerbates the degradation process (Zidan et al., 2024).
In the Philippine context, Cobra Energy Drink is one of the most popular brands among students and young
professionals, yet no studies have evaluated its specific effects on orthodontic bond strength.

The Philippine Context and Research Gap

In the Philippines, energy drink consumption has been reported among university students and young adults,
with academic demands and the need to maintain alertness identified as important reasons for consumption
(Zidan et al., 2024). Alcohol consumption is also a significant part of Filipino social practices, particularly
during gatherings and celebrations (Yandug et al., 2023). Despite the reported consumption of these beverages,
their potential effects on orthodontic bracket shear bond strength have not been extensively investigated in the
Philippine setting.
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Despite this level of consumption and the established global evidence on the effects of beverages on orthodontic
bond strength, limited research has specifically investigated the effects of commonly consumed alcoholic and
energy beverages on orthodontic bracket SBS in the Philippine setting. Most previous research has focused on
internationally available beverages, leaving a gap in localized evidence relevant to the Filipino population.
Furthermore, the comparative effects of alcoholic and energy beverages on orthodontic bracket bond strength
have not been extensively evaluated under controlled conditions simulating repeated exposure. This study
addresses these gaps by: (1) evaluating the effects of an alcoholic beverage and an energy drink on orthodontic
bracket SBS; (2) comparing the magnitude of SBS reduction between alcoholic and energy beverages; (3)
employing a cyclic immersion protocol to simulate repeated daily exposure; and (4) providing evidence-based
considerations for dietary counseling of orthodontic patients in the Philippine setting.

METHODOLOGY

Design

This study adopted quantitative experimental research specifically a post-test randomized controlled in vitro
design. The independent variable was the type of beverage—alcoholic beverage (5% ABV), energy drink, or
artificial saliva (control). The dependent variable was the shear bond strength (SBS), measured in megapascals
(MPa). Conducting the study in vitro ensured that differences in shear bond strength could be attributed solely
to the type of beverage exposure, as all other conditions were strictly controlled.

Environment

The study was conducted at an accredited research institution equipped with a Universal Testing Machine
(Instron 4467) and a thermostatically controlled incubator, from April to August 2025. All experimental
procedures were conducted in compliance with institutional biosafety and laboratory safety regulations (BSL-
2 protocols). The selection of this facility was based on the availability of specialized equipment necessary for
shear bond strength testing and the capacity to maintain controlled environmental conditions throughout the
experimental period.

Data Sources

The beverages selected for this study were chosen as representative alcoholic and energy beverages based on
reported consumption patterns in the Philippine setting. A commercially available alcoholic beverage
containing 5% alcohol by volume (ABV) was used as the representative alcoholic test medium, while a
commercially available energy drink was used as the representative energy-drink test medium. The pH of each
beverage was measured daily using a calibrated digital pH meter, with mean values of pH 4.2 + 0.1 for the
alcoholic beverage and pH 3.2 + 0.1 for the energy drink.

The sample size was based on a large effect size reported by Oncag et al. (2005), with a significance level of a
= .05, a desired statistical power of 90%, and three experimental groups. A total of 60 bovine teeth were used,
with 20 specimens allocated to each group. Bovine teeth were selected because of their similarity to human
enamel in terms of chemical composition, hardness, and surface characteristics, making them an acceptable
substitute for human enamel in in vitro adhesive research (Santos et al., 2018).
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All bonding procedures were performed by a single operator using a standardized protocol, including an etching
time of 30 seconds, rinsing time of 15 seconds, air-drying time of 5 seconds, primer application for 3 seconds,
curing time of 40 seconds per bracket, and curing light intensity of 1000—1200 mW/cm?.

Shear bond strength (SBS) testing was performed using a Universal Testing Machine (Instron 4467) with a
100-N load cell, a constant crosshead speed of 1 mm/min, and a chisel-edge rod with a 1-mm radius. The
exposure protocol consisted of 4 daily immersion cycles of 5 minutes each over 21 consecutive days. Following
each immersion cycle, the specimens were rinsed and stored in artificial saliva at 37 °C until the next exposure.
This protocol was adapted from previously published in vitro studies using repeated beverage exposure and
immersion periods of approximately 14-21 days (Santos et al., 2018).

Data Analysis

Descriptive statistics (mean, standard deviation) were computed for each group. Normality was assessed using
the Kolmogorov—Smirnov test (D = 0.114, p = 0.052) and homogeneity of variances using Levene's test F
(2,57) = 4.475, p = .016). One-Way Analysis of Variance (ANOVA) was performed to determine significant
differences among the three groups, followed by Tukey's post-hoc test for pairwise comparisons. A significance
level of p < 0.05 was set for all statistical tests. All analyses were performed using IBM SPSS Statistics version
23 for Windows.

Ethical Considerations

Ethical approval was obtained from the Institutional Biosafety Committee of the researchers&#39; institution
prior to the commencement of the experiment (Protocol No. [BLINDED] - 2025-014, Date: March 15, 2025).
As this was an in vitro study using extracted bovine teeth obtained from abattoirs (by-products of the food
industry), no human participants were involved, and informed consent was not required. All experimental
procedures were conducted in compliance with institutional biosafety and laboratory safety regulations.

RESULTS

A total of 60 bovine teeth specimens were randomly allocated into three groups (n = 20 per group):
artificial saliva (control), alcoholic beverage (5% ABV), and energy drink. All specimens completed
the 21-day immersion protocol and were successfully tested for shear bond strength (SBS).

Table 1 presents the standardized baseline reference value and the mean SBS values after 21 days of
cyclic immersion for each group. The control group demonstrated the highest mean SBS (6.65 = 0.29
MPa), followed by the alcoholic beverage group (4.99 £ 0.19 MPa), while the energy drink group
exhibited the lowest mean SBS (3.88 £ 0.11 MPa). Relative to the control group, the alcoholic
beverage group showed a 25.0% reduction in SBS, while the energy drink group showed a 41.6%
reduction.
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Table 1.

Average Shear Bond Strength (MPa) at Baseline and After 21 Days of Immersion

Shear Bond Strength
Immersion Media n Baseline (MPa) After Immersion (MPa) Page | 150
Artificial Saliva 20 6.62 £0.11 6.65+0.29
SM Pale Pilsen 5% 20 6.62£0.11 4,99 +0.19
Cobra Energy Drink 20 6.62 +0.11 3.88+£0.11

Note. The baseline value represents a standardized reference value and was not obtained from pre-immersion
testing of the same specimens because shear bond strength testing is destructive.

Prior to conducting parametric tests, normality was assessed using the Kolmogorov—Smirnov test (D
=0.114, p = .052), indicating that the data met the assumption of normal distribution. Homogeneity
of variances was assessed using Levene's test F' (2,57) = 4.475, p = .016), indicating that the
assumption of homogeneity was violated; however, ANOVA is considered robust to violations when
sample sizes are equal (n =20 per group).

A One-Way Analysis of Variance (ANOVA) was conducted to determine whether there were
significant differences in shear bond strength among the three immersion groups. The results,
presented in Table 2, revealed a statistically significant effect of immersion media on SBS, F(2,57)
=895.71, p <0.001, np* = 0.969.

Table 2.

One-Way ANOVA for Shear Bond Strength after Immersion

Source Type IIl Sum of  df Mean F-value p-value Partial Eta
Squares Square Squared

Immersion 77.48 2 38.74 895.71 <.001 969

Media

Error 2.47 57 .043

Total 79.94 59

Note: CI = confidence interval. All comparisons were statistically significant at p < 0.001. Mean
difference = difference between group means.

Following the significant ANOVA result, Tukey's Honestly Significant Difference (HSD) post hoc
test was conducted to determine which pairs of immersion groups differed significantly in shear bond
strength. The results are presented in Table 3.
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Table 3 presents the pairwise comparisons among the three immersion groups. All pairwise
comparisons were statistically significant (p <.001). The mean difference between the artificial saliva
and energy drink groups was the largest (2.77 MPa), followed by the artificial saliva and alcoholic
beverage groups (1.66 MPa), and the alcoholic beverage and energy drink groups (1.11 MPa). All
95% confidence intervals for the mean differences did not cross zero, confirming the statistical
significance of all pairwise comparisons.

Table 3.

Tukey's Post-Hoc Test for Pairwise Comparisons of Shear Bond Strength

Immersion Media Mean p- 95% CI of the Mean Difference
Difference value
Lower Upper Bound
Bound
Artificial Saliva vs Alcoholic 1.66 000 150 181
Beverage
Artificial Saliva vs Energy Drink 277 000 761 292
Alcoholic Beverage vs Energy Drink 1.11 .000 0.95 1.27

Note: CI = confidence interval. All comparisons were statistically significant at p < 0.001. Mean difference =
difference between group means.

Figure 1.

Mean Shear Bond Strength across the Three Groups After 21 Days of Cyclic Immersion.
a8 -

r

L5}

Shear Bond Strength (MPa)

Artificial Saliva Alcoholic Enargy
{(Contral) Beverage Drink

Immaersion Media

Figure 1. Mean Shear Bond Strength (MPa) of Orthodontic Brackets After 21 Days of Cyclic Immersion. Error
bars represent standard deviations (SD). Bars labeled with different letters (a, b, c¢) indicate statistically
significant differences at p < 0.001 (Tukey's HSD post-hoc test).
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DISCUSSION

The present study investigated the effect of an alcoholic beverage and an energy drink on the shear bond
strength (SBS) of orthodontic brackets bonded with the Ormco Enlight Light-Cure Adhesive System. The
findings demonstrated statistically significant differences among the three immersion groups. Specimens
immersed in artificial saliva exhibited the highest mean SBS (6.65 + 0.29 MPa), followed by the alcoholic
beverage group (4.99 = 0.19 MPa), whereas the energy drink group showed the lowest SBS (3.88 = 0.11 MPa).
Relative to the artificial saliva group, SBS was reduced by 25.0% following alcoholic beverage exposure and
by 41.6% following energy drink exposure. These findings indicate that, under the conditions of this in vitro
study, both beverage types adversely affected bracket bond strength, with the energy drink producing the
greatest reduction.

The higher SBS observed in the artificial saliva group was expected because artificial saliva provides a
relatively controlled aqueous environment without the acidic and alcoholic components present in the test
beverages. Artificial saliva is commonly used as a control medium in in vitro orthodontic studies because it
provides a standardized environment for evaluating changes in adhesive performance. The mean SBS of 6.65
MPa observed after immersion remained within the range commonly cited as clinically acceptable for
orthodontic bracket adhesion, supporting satisfactory bond performance under the control conditions.

The reduction in SBS following exposure to the alcoholic beverage is consistent with previous investigations
demonstrating that ethanol-containing environments can adversely affect resin-based materials. Kazak et al.
(2020) reported that ethanol may penetrate the resin matrix and cause plasticization of polymer chains, thereby
reducing the mechanical properties of resin materials. Similarly, Tanthanuch et al. (2022) demonstrated that
alcoholic beverages can decrease the hardness of resin composites and contribute to surface degradation.
However, Vorachart et al. (2022) reported minimal changes in SBS following beer exposure. Differences in
beverage composition, alcohol concentration, adhesive materials, exposure duration, and testing methodology
may account for the variation between their findings and those of the present study. The present results therefore
suggest that repeated exposure to an alcoholic beverage may contribute to reduced orthodontic bracket bond
strength under the experimental conditions used.

The greatest reduction in SBS was observed in the energy drink group. This finding is consistent with previous
studies reporting that acidic beverages can adversely affect orthodontic adhesive systems. losif et al. (2022)
demonstrated that acidic energy drinks can contribute to enamel demineralization and weakening of the
adhesive interface, resulting in reduced bracket bond strength. Likewise, Fusco et al. (2021) reported a
significant reduction in orthodontic bracket adhesion following exposure to an energy drink. The greater
reduction observed in the present study may be related to the acidic nature of the energy drink and its potential
to promote chemical degradation at the enamel—-adhesive interface. Under the conditions tested, the energy
drink therefore produced a greater reduction in SBS than the alcoholic beverage.

The findings are also consistent with the Material Degradation Theory, which served as the theoretical
foundation of this investigation. According to this theory, exposure to chemical agents may alter the structure
and mechanical properties of polymer-based materials. Acidic environments may promote degradation at the
material interface, while ethanol may contribute to plasticization and changes in the resin matrix. These
chemical effects may reduce the mechanical integrity of the adhesive system and consequently decrease bracket
bond strength. The progressive reduction in SBS observed from the artificial saliva group to the alcoholic
beverage group and then to the energy drink group is consistent with the proposed role of chemical exposure
in material degradation.
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From a clinical perspective, the findings support the importance of dietary counseling during orthodontic
treatment. Frequent consumption of energy drinks and alcoholic beverages may contribute to reduced bracket
bond strength and may increase the risk of bracket debonding. Bracket failure can result in additional clinical
appointments and may contribute to prolonged treatment. Therefore, orthodontists may consider advising
patients to limit frequent consumption of these beverages during orthodontic treatment, particularly when
repeated exposure is expected.

The study possesses several strengths. First, the experimental procedures were standardized through the use of
bovine teeth, a single adhesive system, the same bracket type, a standardized immersion protocol, and
controlled laboratory conditions. Second, the use of a Universal Testing Machine (Instron 4467) with
standardized testing parameters provided consistent measurement of shear bond strength. Third, the study
provides evidence from a controlled experimental model using beverage types relevant to the Philippine setting,
thereby contributing to the limited local evidence concerning beverage exposure and orthodontic bracket bond
strength.

Despite these strengths, several limitations should be acknowledged. As an in vitro study, the experimental
conditions could not fully reproduce the complex oral environment, including salivary buffering capacity,
pellicle formation, temperature fluctuations, masticatory forces, biofilm formation, and individual drinking
behaviors. Furthermore, only one orthodontic adhesive system, one bracket design, and two beverage types
were evaluated. Therefore, the findings should not be generalized to other adhesive systems, orthodontic
materials, beverage formulations, or clinical conditions without further investigation. In addition, the
standardized immersion protocol does not represent the full variability of beverage consumption patterns in
daily life.

Overall, this study provides evidence that repeated exposure to an alcoholic beverage and an energy drink was
associated with reduced orthodontic bracket SBS under the tested in vitro conditions, with the energy drink
producing the greater reduction. The findings provide a basis for dietary counseling regarding frequent
consumption of these beverages during orthodontic treatment. Further research using different adhesive
systems and bracket materials, as well as thermocycling and in vivo clinical conditions, is warranted to
determine the clinical significance of these findings and to evaluate the long-term effects of repeated beverage
exposure on orthodontic bracket survival.

CONCLUSION

This study concluded that exposure to both an alcoholic beverage and an energy drink significantly
reduced the shear bond strength of orthodontic brackets bonded with the Ormco Enlight Light-Cure
Adhesive System under the tested in vitro conditions. The artificial saliva group demonstrated the
highest mean shear bond strength (6.65 = 0.29 MPa), followed by the alcoholic beverage group (4.99
+ 0.19 MPa), while the energy drink group exhibited the lowest mean shear bond strength (3.88 +
0.11 MPa). Compared with the artificial saliva group, the alcoholic beverage and energy drink groups
showed reductions of 25.0% and 41.6%, respectively. The findings indicate that beverage type
significantly influenced bracket shear bond strength, with the energy drink producing the greatest
reduction. These findings support the study objectives and suggest that frequent exposure to these
beverages may adversely affect orthodontic bracket bond strength under conditions similar to those
simulated in this study. The results may assist orthodontists in providing evidence-based dietary
counseling to patients during active orthodontic treatment.
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PROPOSED CLINICAL GUIDELINES

Based on the findings of this in vitro study, the following proposed clinical considerations are
presented for orthodontists and patients:

Energy drinks consumption. Patients undergoing active orthodontic treatment should be counseled
to limit frequent consumption of energy drinks. In the present study, repeated exposure to the energy
drink resulted in a 41.6% reduction in shear bond strength, with a mean SBS of 3.88 + 0.11 MPa
after 21 days of cyclic immersion.

Alcoholic beverage consumption. Patients should be counseled to moderate and limit frequent or
prolonged exposure to alcoholic beverages during orthodontic treatment. In this study, the alcoholic
beverage group demonstrated a 25.0% reduction in shear bond strength, with a mean SBS of 4.99 +
0.19 MPa.

3. Dietary counseling. Dietary counseling regarding beverage consumption should be incorporated
into routine orthodontic patient education, particularly for patients who frequently consume energy
or alcoholic beverages.

4. Clinical monitoring. For patients reporting frequent consumption of these beverages,
orthodontists may consider closer monitoring of bracket integrity and early signs of bracket
debonding during treatment.

These proposed guidelines are intended as evidence-informed clinical considerations based on the
controlled in vitro conditions of the present study and should not be interpreted as definitive clinical
protocols. Further in vivo and longitudinal studies are needed to determine whether the observed
reductions in shear bond strength translate into increased bracket failure under actual clinical
conditions.

RECOMMENDATIONS
Based on the findings of this study, the following evidence-based guidelines are proposed:

For Clinical Practice (Orthodontists and Patients). Since energy drink exposure resulted in a
41.6% reduction in shear bond strength and produced the lowest mean SBS among the three groups,
orthodontists should advise patients to limit frequent consumption of energy drinks during active
orthodontic treatment. Since exposure to the alcoholic beverage (5% ABV) resulted in a 25.0%
reduction in SBS, patients should likewise be advised to moderate alcohol consumption and limit
frequent or prolonged exposure. These recommendations should be interpreted in the context of the
in vitro conditions of the present study.

For Health and Regulatory Policy. The Department of Health (DOH) and Food and Drug
Administration (FDA) may consider the findings of this localized study when developing oral health
education initiatives for orthodontic patients. Such initiatives may include dietary counseling
materials, school- and community-based oral health education, and collaboration with orthodontic
professional organizations to promote awareness of the potential effects of frequent beverage
exposure on orthodontic materials.
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For Theory. The findings of this study support the Material Degradation Theory, which proposes
that chemical exposure can alter the structure and mechanical properties of polymer-based materials.
The progressive reduction in SBS observed across the artificial saliva, alcoholic beverage, and energy
drink groups is consistent with the proposed role of chemical exposure in adhesive degradation.
Future theoretical models may consider beverage pH, ethanol concentration, and exposure duration
as potential factors influencing orthodontic adhesive degradation.

For Education and Training. Dental and orthodontic educators should incorporate evidence
concerning beverage-related effects on orthodontic adhesive materials into undergraduate and
postgraduate education. Training programs may emphasize dietary counseling skills to help
practitioners communicate evidence-based recommendations regarding frequent consumption of
alcoholic and energy drinks during orthodontic treatment. Continuing professional development
(CPD) courses in orthodontic materials science may also include updated evidence concerning the
chemical degradation of adhesive materials. Patient education materials, including pamphlets,
posters, and digital media, may be developed in appropriate local languages to improve patient
understanding.

For Future Research. Future studies should investigate these findings under clinically relevant and
in vivo conditions and evaluate additional beverage types and orthodontic adhesive systems.
Longitudinal clinical studies are needed to determine whether reductions in SBS observed in
laboratory settings translate into differences in clinical bracket survival. Further investigations should
also examine different bracket materials, adhesive systems, beverage compositions, and exposure
frequencies and durations. Studies incorporating thermocycling, salivary buffering, mastication, and
other oral environmental factors are recommended to better simulate clinical conditions.
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