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Ab s t r Ac t
Objective: To determine the effect of anti-asthmatic inhalers salbutamol and budesonide on the surface microhardness of bovine tooth enamel.
Materials and methods: The study was experimental, prospective, longitudinal, and comparative. The sample consisted of permanent 
mandibular incisors, which were prepared in (n = 90) blocks of dental enamel of size 3 × 3 mm and 2 mm thick, separated into 6 groups of 
15 specimens each in sterile bottles properly labeled and contained in artificial saliva at 37°C. Three measurements (baseline, 5 days, and 
10 days) were performed after immersion to determine the microhardness using a Vickers microdurometer programmed to apply a load of  
100 gm for 15 seconds.
Results: It was observed that the enamel surface microhardness decreased after 5 and 10 days, after being in contact with the anti-asthmatic 
inhalers based on salbutamol and budesonide. In addition, it was evidenced that there is a greater decrease in the superficial microhardness 
of the enamel when comparing the values at the beginning and after 10 days; likewise, the reduction in the microhardness of enamel exposed 
to budesonide was greater (120.8 kg/mm2) compared to salbutamol (112.3 kg/mm2) (p <0.001).
Conclusion: The two anti-asthmatic inhalers studied decreased superficial enamel microhardness, with the budesonide-based inhaler having 
a greater erosive effect.
Clinical significance: This research allowed us to know the values of the microhardness of the superficial enamel after being exposed to 
different anti-asthmatic inhalers that are indicated in daily clinical practice. Therefore, it is important to evaluate this microhardness since the 
use of different inhalers is very prevalent.
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In t r o d u c t I o n
Enamel is the hard tissue that covers the crown of the tooth, it is 
the hardest biological part of the organism. Therefore, it can resist 
fracture during masticatory stress. The hardness of the enamel is 
due to its composition; however, some areas of the enamel may be 
more prone to penetration.1,2

According to the WHO, asthma affected an estimated 262 
million people in 2019. Asthma is a chronic inflammatory disease 
affecting the airways. Clinically it presents with recurrent episodes 
of wheezing, coughing, and shortness of breath among other 
symptoms especially at night and in the morning. Asthma is more 
likely in patients with a history of allergies and rhinitis (hay fever). 
Environmental contamination and dust mites are considered as 
potential factors. In addition, when used in excess, the chemical 
composition of inhalers could have adverse effects such as dental 
erosion, changes in pH, and salivary fluid.3–5

Oral administration of anti-asthmatic drugs requires the need 
for greater doses which could produce greater adverse effects 
such as tremors and tachycardia. Therefore, the inhalation route 
is recommended because it produces fewer side effects, and the 
onset of action is faster. The use of pressurized aerosol or measuring 
dose by inhalation is recommended, with the active substance 
being administered as an aerosol. The maneuver consists of 
exhaling completely and initiating a slow deep inspiration of 
a few seconds while the inhaler is discharged. Salbutamol is a 
medication indicated as a treatment for respiratory tract conditions 
such as bronchitis. Budesonide is also indicated for respiratory 

distress. Although both drugs do not have the same components, 
Salbutamol acts as a bronchodilator while Budesonide acts as a 
corticosteroid.6–9

Direct lesions to the tooth enamel can be caused by a reduction 
in salivary flow following prolonged use of acidic medications such 
as anti-asthmatics in the oral cavity, especially considering the 
frequency of intake (3–4 times a day) and use at night. However, 
only a few studies on the possible effects of certain medications 
have been performed to date.1,3,5,6
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Therefore, the aim of this study was to determine the in vitro 
effect of anti-asthmatic inhalers salbutamol and budesonide on 
the superficial microhardness of tooth enamel.

MAt e r I A l s A n d Me t h o d s

Study Design
This study was carried out in the Laboratory of the Faculty of 
Dentistry of the UNFV in January 2018. The study was experimental 
in vitro, comparative, longitudinal, and prospective. The unit of 
analysis was formed by bovine mandibular incisors. The sample 
size was calculated using the means comparison formula using the 
Stata® V.15.0 software, for which an α of 0.05 and a β of 0.8 were 
used, determining an (n = 90) enamel specimens of dental pieces.

Inclusion criteria were bovine permanent mandibular incisor 
teeth recently extracted and in good condition. On the other hand, 
the exclusion criteria were teeth with anomalies in the dental 
enamel and/or with fractures or dental caries.

The groups were divided into 6 subgroups of 15 specimens 
each as follows:

Group I: Bovine teeth submitted to Salbutamol, Ventolín Inhal® 
(Baseline)
Group II: Bovine teeth submitted to Salbutamol, Ventolín Inhal® 
(Day 5)
Group III: Bovine teeth submitted to Salbutamol, Ventolín Inhal® 
(Day 10)
Group IV: Bovine teeth submitted to Budesonide, Neumocort 
(Baseline)
Group V: Bovine teeth submitted to Budesonide, Neumocort 
(Day 5)
Group VI: Bovine teeth submitted to Budesonide, Neumocort 
(Day 10)

Preparation of Specimens
Recently extracted bovine permanent mandibular incisors were 
selected and placed in an isotonic physiological solution to maintain 
hydration, and then stored at 37°C (Fig. 1). The incisors were cut 
into 90 blocks of 3 × 3 mm and 2 mm thick tooth enamel using 
0.25 µm diamond disks on the vestibular faces. The transparent 
acrylic specimens were fabricated using a circumferential mold of 
1 cm diameter by 1 cm thickness. The samples were constructed 
with dimensions of 3 × 3 mm in height and 2 mm in thickness, then 
these were placed in the solutions to be evaluated for 5 and 10 
days, respectively. The samples were only removed to subsequently 
evaluate the surface microhardness of the enamel after 5 and 10 
days (group S: Salbutamol and group B: Budesonide).

Demineralization
Demineralization was performed with a solution based on 50 mL/L 
of acetic acid, 3 mmol/L of calcium, and 3 mmol/L of phosphate 
with a pH of 4.5. Then the neutral solution based on calcium and 
phosphate was applied. Finally, each sample was immersed for 
30 minutes twice a day. Between each immersion, each sample 
was rinsed with distilled water for approximately 2–3 minutes.9 
This procedure was performed twice daily for 7 days. Then, on the 
5th and 10th day, the surface microhardness of the samples was 
measured again following the same method applied for the initial 
measurement.

Surface Microhardness
The specimens were separated into groups, each in sterile 
bottles properly labeled containing artificial saliva and at 37°C. 
The data were collected before exposing the specimens to the 
anti-asthmatic inhalers through the Vickers Microhardness test 
(25 gm load for 10 seconds),9 measuring the initial superficial 
microhardness of the enamel in the laboratory. These dental 
enamel specimens showed no cracks or fracture lines when 
viewed under a 400-magnification microscope incorporated into 
the microdurometer. Three initial measurements were performed 
to determine the average of the initial microhardness using the 
laboratory’s LG HV-100 microdurometer. Three measurements 
were made according to ISO 28399-2011 and recorded as values 
in kg/mm2.

Statistical Analysis
The database was developed in Excel, and the statistical analysis of 
the data was performed with the Stata® V15.0 statistical software. 
Then to decide the application of the type of statistical test that we 
will use, the difference in means was contrasted, and the Shapiro–
Wilk normality test was applied for each of the 6 groups. Therefore, 
it was decided to use parametric tests (Student’s t) for related 
samples, ANOVA, and Bonferroni as a post hoc test, establishing a 
level of significance of p <0.05.

re s u lts
In (Fig. 2), the tooth enamel exposed to the Salbutamol group in 
the three stages (baseline, day 5, and day 10) had a greater surface 
microhardness of 316 ± 41.6, 223.1 ± 37.5, and 203 ± 34.4 kg/mm2, 
respectively. However, the enamel microhardness was lower 
in bovine teeth that were exposed to Budesonide in the three 
evaluation times (baseline, day 5, and day 10), because they only 
had values of 270 ± 37.2, 169.7 ± 25.0, and 149.2 ± 24.8 kg/mm2, 
respectively.

Fig. 1: Freshly extracted bovine permanent mandibular incisor teeth
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When evaluating the normal distribution of the data, it was 
evident that all groups presented homogeneity because a p >0.05 
was obtained. Significant differences were observed on comparing 
the superficial enamel microhardness at baseline and at days 5 
and 10 (p <0.001). Similarly, the teeth exposed to budesonide 
showed a p-value of <0.001 for the 3 evaluation times (Table 1).

Finally, the inference of the present study according to the 
results obtained was that the Bonferroni post hoc test showed 
statistically significant differences on comparing the 6 groups 
exposed to both salbutamol and budesonide (p <0.001) (Table 1).

dI s c u s s I o n
Usually, oral liquid drugs and aerosols are prescribed more 
frequently in clinical activity, however, these usually contain 
certain additives such as sucrose, fructose, and/or glucose, which 
can exacerbate the bacterial fermentation process by releasing 
acids and consequently lowering the pH of the dental biofilm, 
increasing the risk of ionic degradation of hydroxyapatite crystals, 
thereby increasing the risk of caries.10–12 The effects of this type of 
medication are described in some studies in which Salbutamol, 
which has a pH of 3.6, was evaluated and found to favor enamel 
dissolution. Likewise, in our study, it was observed that the 
enamel surface exposed to this drug also presented a decrease 
in the superficial microhardness of the enamel. This erosive 
effect found corroborates previous in vitro studies, which showed 
that acidic medications can reduce the microhardness of tooth 
enamel.1,3,6,9,12 This potential erosive effect of salbutamol sulfate 
can be explained by low pH, presence of citric acid, high titratable 

acidity, low-capacity damping, and presence of ethyl alcohol in 
its formulation.1,12

Because liquid oral medications and chronic diseases are 
generally recommended, however, they are consumed daily for 
prolonged periods. Acids are commonly used as buffering agents 
to maintain chemical stability, and thus improve the presentation 
of flavor. In vitro studies have shown that acidic medications 
can reduce the hardness of enamel because they influence the 
roughness of enamel, however, little is known about the effect of 
oral medications on dental surfaces under erosive conditions.3,13,14

Several studies observed a substantial loss of enamel with the 
use of certain medications with characteristics that could increase 
their erosive potential (low endogenous pH and high titratable 
acidity), probably due to the presence of citric acid.4,6 For example, 
in some studies the immersion of enamel into a neutral solution 
for 21 hours a day was not enough to avoid demineralization by 
two 30-minute immersions in the drugs studied. These findings are 
like those of the study by Costa et al.,6 which showed a significant 
decrease in the primary enamel surface after a pH cycle and 3 
minutes of 5 dives in an antihistamine syrup. In addition, nocturnal 
use of the antihistamine Claritin D® showed a significant change 
in surface microhardness, like that found in the present study and 
others.4,6,15–17

Bovine enamel specimens were used in the present study 
because of their similarity to human enamel and easy acquisition. 
It was found that the group exposed to Salbutamol had a greater 
microhardness surface at baseline and at days 5 and 10 of  
316 ± 41.6, 223.1 ± 37.5, and 203 ± 34.4 kg/mm2. Similarly, 
in the study by Scatena et  al.1 microscopy image showed 

Fig. 2: In vitro comparison of enamel surface microhardness

Table 1: Effect of antiasthmatics on enamel microhardness according to time

Group Time Mean SD Min Max p* p** p***

Salbutamol Baseline 316.0 41.6 264.7 391.2 <0.001
Day 5 223.1 37.5 172.5 286.9 >0.05 <0.001 <0.001
Day 10 203.7 34.4 155.2 265 <0.001

Budesonide Baseline 270.0 37.2 197.0 340.0 <0.001
Day 5 169.7 25.0 137.7 219.1 >0.05 <0.001 <0.001
Day 10 149.2 24.8 122.9 211.0 <0.001

Significance level (p <0.05); *Shapiro-Wilk test; all groups presented normal distribution, so it was decided to use parametric tests in inferential statistics; 
**ANOVA test; ***Bonferroni (post hoc test)
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erosion of enamel surfaces exposed to the drug, as well as a 
significant increase in roughness and tissue loss and a significant 
decrease in microhardness (p = 0.0325). Lastly, regarding dentin  
surfaces, salbutamol sulfate was morphologically found to have an 
erosive effect in situ on primary dentin. Our results coincide with 
those described by Costa et al.6 who found that the mean hardness 
values obtained after the use of this drug were significantly lower 
than the initial values. On the other hand, Valinoti et al.3 reported 
that the drug Dimetapp® (Brompheniramine) showed the highest 
amount of erosive patterns, while Klaricid® (Clarithromycin) 
presented in vitro protection against acid attacks, perhaps due to 
its mineral content and viscosity. Furthermore, the study by Farag 
et al.10 described an association between the absence of asthma 
and the severity of dental erosion (p = 0.03) compared with non-
asthmatic patients. Finally, according to the study by da Costa et al.,6 
the action of a pediatric drug like budesonide with low pH and high 
acidity in the primary enamel could induce erosions. In agreement 
with other studies,18–21 our results also showed that anti-asthmatic 
drugs modify the morphology and/or resistance of the enamel.

The main limitation of this research was the difficulty in 
reproducing the clinical simulations because the design was 
experimental in vitro;22 however, some situations in the oral cavity 
involving the chronic use of medications such as antihistamines, 
which may be highly acidic, can also reduce salivary flow. The type 
of teeth is also an important limitation since only bovine incisors 
were used in an in vitro study. Another major limitation was that 
only two types of anti-asthmatic medications were evaluated 
due to logistical resources, which may leave a certain gap in the 
understanding of the behavior of tooth enamel with other asthma 
medications. Nonetheless, this study included two antiasthmatic 
drugs presenting fewer adverse effects compared to others, and the 
results described may be useful for both adult and child populations 
receiving dental care.

Finally, further studies over a longer study period are needed 
to evaluate the effects of anti-asthmatic inhalers of similar 
properties to those used in our study on enamel microhardness. 
Moreover, future in situ studies would provide more real-life 
results considering the biological factors present in the mouth. 
In addition, mouthwash might be used after the application of 
the inhaler, to decrease the acidity of the enamel surface and to 
determine whether this might prevent a significant loss of enamel 
surface microhardness. This can generate stress in the patients 
affecting the occlusion.23

co n c lu s I o n
In summary, the limitations of this in vitro study concluded that 
both salbutamol and budesonide inhalers at 5 and 10 days of 
use decreased enamel surface microhardness, however, the 
budesonide-based inhaler had the greatest erosive effect. 
Therefore, care must be taken at the time of use, since the erosive 
effect is directly proportional to the advance of time.
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