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Abstract
Background: The prevalence of asthma indicates the importance of 
studying oral manifestations of inhalers as one of the indications of 
asthma. This study compares two methods of using inhalers, Metered 
Dose Inhaler (MDI) and Dry Powder Inhaler (DPI) in asthmatic 
patients.
Methods: 100 asthmatic patients (50 MDI-treated, 50 DPI-treated) 
and 50 healthy individuals were selected by convincing sampling. The 
three sampled groups were gender- and age-matched. We performed a 
clinical examination, recorded the information, and analyzed the data 
by SPSS21 software using a t-test and one-way ANOVA for quantitative 
and Pearson’s chi-square test for qualitative indicators.
Results: DMFT index (p-value 0.001), fissured tongue (p-value 
0.005), xerostomia (p-value 0.001), and dental erosion (p-value: 0.011) 
in MDI-treated patients were significantly higher than the other two 
groups, while the geographic tongue (p-value 0.008) was significantly 
higher in DPI-treated patients than in the other two groups. It showed 
that periodontal disease and median rhomboid glossitis had no 
significant difference between the three groups.
Conclusion: Due to the higher incidence of manifestations in MDI, it 
is expected that physicians give more attention to prescribing inhalers 
and give them the necessary training to maintain oral and dental 
hygiene.
Keywords: Asthma, Dry powder inhalers, Oral hygiene, Metered 
dose inhalers 
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Introduction
Asthma is a heterogeneous and common disease that 
appears as chronic airway inflammation. This disease 
affects 1-18% of the population in different countries 
and the prevalence of this disease in the Iranian 
population is 8.2% (1). A significant increase in the 
incidence of the disease depends on many variables 
such as genetics, age, or air pollution (2,3). Asthmatic 
patients exhibit variable symptoms like wheezing, 
shortness of breath, chest tightness, and coughing, 
which vary in severity. These symptoms are managed 
with self-care or medication, and their occurrence 
may be intermittent, with some experiencing 
exacerbation episodes. Asthma is typically linked 
to respiratory responses to various stimuli and 
chronic inflammation. These features manifest when 
symptoms persist or lung function remains unaffected 
despite standard treatment (4). Asthma medications 
are categorized into relievers and preventers. 
Relievers, like bronchodilators, swiftly alleviate 
worsening symptoms and are effective during physical 
activities. Preventers, or control drugs, manage 
long-term symptoms for sustained disease control 
(5). Treatment of this disease is performed with 
Long-Acting β2-Agonists (LABA), Short-Acting 
β2-Agonist (SABA), Leukotriene Receptor Agonist 
(LTRA), Oral Corticosteroids (OCS), and Inhaled 
Corticosteroids (ICS). Inhaled drugs are in the form 
of Metered Dose Inhaler (MDI), Dry Powder Inhaler 
(DPI), and Nebulizer (4,6,7). Calverley et al have 
demonstrated that inhaled drugs for the treatment 
of asthma have adverse effects based on the dose, 
frequency, and duration of use on the oral cavity (8). 
Asthma treatment is adapted to the type and severity 
of the disease. Inhaled anti-inflammatory drugs (such 
as ICS and LTRA) serve as the first line of treatment. 
Long-term control involves β-adrenergic agonists and 
combination therapies to enhance lung function. ICS, 
particularly when combined with LABA (formoterol, 
salmeterol), is highly effective for primary asthma 
control by reducing inflammation and adhering to 
cytokine molecules (9). The long-term use of β2 
agonist drugs is associated with an increase in oral 
caries because this group of drugs affects the secretion 
and production of saliva (10).
Effects on the mouth include xerostomia, dental 
caries, candidiasis, ulcers, gingivitis, periodontitis 

and taste changes, oral mucosal changes, and dental 
erosion (11,12). Dental erosion in these patients is 
increased due to reduced salivary pH (1,12,13). One 
of the most common side effects of oral medications 
is dry mouth, caused by hyposalivation, β2 agonists, 
and corticosteroids oral inhalers (14). Dental caries 
is a microbial infectious disease that affects dental 
calcification tissues. The risk of dental caries in 
asthmatic patients using inhalers is higher in the 
period of mixed and permanent dentition (10). Oral 
candidiasis (an acute type with pseudomembranous 
membrane) is observed in approximately 50% of 
patients with long-term, high doses or frequent 
inhalation of steroids (9). Using corticosteroid inhalers 
can stimulate the pharynx, dysphonia, cough, dry 
mouth, periodontal disease, and macroglossia (12,13). 
Corticosteroid inhalers elevate periodontal disease 
risk, with oral breathing contributing to increased 
gingivitis due to alveolar mucosa dehydration. Saliva 
plays a crucial role in limiting periodontal disease 
(10). 
In a comparison of DPI and MDI in terms of the spacer 
need and how to use an inhaler, DPI is preferred over 
MDI, since it is easier to use and no spacer is required 
(15). According to Patel et al, compared to the MDI 
and DPI budesonide-formoterol, the DPI form is 
preferable to the patient, because this form can be 
used for a different medicinal diet (16). 
In a recent study conducted by Sharma et al (17), the 
role of saliva in the oral cavity, dental caries, dental 
erosion, periodontal diseases, and candidiasis was 
investigated. Asthma patients showed more symptoms 
than healthy ones in all of these factors. According 
to the research of Virchow et al (11), treatment of 
asthma symptoms with ICS in both MDI and DPI was 
performed on 605 asthmatic patients over 12 years 
old. The study represented a similar recovery in two 
groups, in which, people preferred MDI. One case of 
discontinuation of DPI due to nasopharyngitis and 
oropharyngeal pain has been observed in the study.
Many studies have been performed on the oral 
manifestations of asthma and drugs used, but the 
method of using drugs can also affect the side effects, 
which is investigated in this study. In this study, 
the aim is to compare the differences between oral 
manifestations induced by MDI and DPI, on which 
few studies have been conducted.
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Methods and Materials
This study was descriptive cross-sectional and was 
conducted at the 31st session of the ethics committee 
of Shahid Beheshti Dental School, dated 2/18/2017 
and registered with the code IR.SBMU.RIDS.
REC.1395.419. In this study, no specific intervention 
was performed on individuals, and only an oral 
examination was carried out. However, the study 
conditions were explained to them and a written 
informed consent obtained from the participants. 
In the current descriptive cross-sectional study, 100 
asthmatic patients (50 MDI-treated, 50 DPI-treated) 
and 50 control individuals (gender-matched and age-
matched) were selected by convincing sampling by 
referring patients to the clinic of Masih Daneshvari 
Hospital and Shahid Beheshti dental clinic. According 
to Ghapanchi’s study (18), the sample size was chosen. 
The Inclusion criteria in this study were that all of 
the cases were well-controlled, using their inhalers 
for at least 6 months, and had their permanent teeth 
and the exclusion criteria were history of smoking 
and tobacco, history of other systemic diseases and 
other drug use. All the asthmatic patients are trained 
in the correct use of an inhaler by a doctor and a 
representative of the pharmaceutical company since 
the onset of diagnosis.
Furthermore, 50 asthmatic patients who used 
MDI Seroflo®125 mg; Cipla, Mumbai, India, 50 
asthmatic patients who took DPI Symbicort®160 mg; 
AstraZeneca, Cambridge, United Kingdom, and 50 
healthy individuals were examined. Seroflo consisted 
of fluticasone (corticosteroid) and salmeterol (long-
acting βagonist), prescribed in the treatment of 
asthma and Chronic Obstructive Pulmonary Disease 
(COPD), used with a spacer. Symbicort is comprised 
budesonide (corticosteroid) and formoterol (long-
acting βagonist), prescribed in the treatment of 
asthma and COPD, and it needs no spacer. The 
pulmonologists examined 100 patients with a clinical 
examination, clinical signs, and spirometry test, and 
FEV1 less than 80% and FEV1/FVC less than 0.7%, 
indicating asthma. 
A graduate dental student recorded the demographic 
information of the cases in the questionnaire, 
including name, date of birth, gender, type of drug 
use, duration of drug intake, and how to use the 
drug. The graduate dental student performed the oral 

examination with a disposable mirror, a disposable 
explorer, and a periodontal stainless-steel probe of 
the University of Michigan under dental unit light and 
examined all teeth surfaces for Dental caries, Missing 
teeth, and Fillings (DMFT) were documented in 
the corresponding table, and the DMFT index was 
subsequently calculated.
To assess the Bleeding on Probing Index (BOP), a 
probing walking technique was applied to all the 
teeth, and observations were made 30-60 seconds 
afterward. A positive BOP was recorded for instances 
of bleeding, while a negative BOP was assigned when 
no bleeding occurred. In the presence of Clinical 
Attachment Loss (CAL), CAL was measured with 
the periodontal probe and the results recorded in the 
questionnaire. The result of a gingival examination 
was diagnosed and recorded as a periodontal disease 
in the questionnaire. The oral cavity and tongue were 
examined in all regions for the presence of candidiasis, 
median rhomboid glossitis, hairy tongue, geographic 
tongue, and fissured tongue with sandwich technique. 
Xerostomia and dry mouth were also evaluated in the 
form of subjective and asked about symptoms such 
as dry mouth, burning of the tongue, and the need 
for frequent water intake during the day. In addition 
to the patient’s subjective report, a tongue blade and 
lipstick was used. 
The collected data was analyzed using IBM® 
Statistical Package for Social Sciences (SPSS®), 
version 21. In the experiments, normality was initially 
determined through the Kolmogorov-Smirnov test. 
Following confirmation of normality, an independent 
samples t-test and one-way ANOVA were conducted. 
In cases where normality was not observed, non-
parametric alternatives, the Mann-Whitney and 
Kruskal-Wallis tests, were utilized. For the analysis 
of qualitative variables, both the Pearson Chi-square 
test and Fisher’s exact test were performed (p-value 
<0.05 was considered statistically significant).

Results
The mean D-index in MDI-treated patients, DPI-
treated patients, and healthy individuals was 3.18, 
2.68, and 3.88, respectively, in which the difference 
was not statistically significant (p-value=0.136). 
Furthermore, the mean M-index in MDI-treated 
patients, DPI-treated patients, and healthy individuals 
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were 12.74, 9.16, and 4.92, respectively, in which 
their difference was statistically significant (p-value 
=0.001). Lastly, the F-index in MDI-treated patients, 
DPI-treated patients, and healthy individuals were 
4.30, 5.00, and 5.00, in which their difference was not 
statistically significant (p-value=0.553). A detailed 
report of this experiment is shown in table 1.
Due to the significant difference between the three 

Table 1. Age and Decay, Missing, Filling Teeth (DMFT index) in the patients and healthy individuals

Healthy individualsDPI-treated patientsMDI-treated patients

p-value
Mean

(standard 
deviation)

Median
(interquartile 

range)

Mean
(standard 
deviation)

Median
(interquartile 

range)

Mean
(standard 
deviation)

Median
(interquartile 

range)

Clinical 
index

0.08046
(13.920)

45
(20.75)

41
(13.769)

44.62
(22.75)

50
(11.823)

49.98
(13.5)Age 

0.1363
(3.342)

3.88
(5)

2
(2.729)

2.68
(3)

3
(2.833)

3.18
(3.75)D

0.0014
(4.7030)

4.92
(2)

5.50
(8.660)

9.16
(7.75)

10
(9.404)

12.74
(9.5)M

0.5533.5
(4.598)

5
(7.75)

3
(4.209)

4
(7.75)

3
(5.250)

4.30
(7)F

0.00113
(5.55)

13.80
(5.75)

14.5
(6.95)

15.84
(9)

17.5
(7.52)

20.22
(12.25)DMFT

Table 2. Games-Howell Test Results for the Missing Teeth in DMFT Index

Multiple Comparisons

Dependent Variable: M

Games-Howell

Group 1 Group 2 Mean Standard error p-value
95% Confidence interval

Lower bound Upper bound

MDI
DPI 3.580 1.808 0.123 -0.72 7.88

Control 7.820* 1.487 < 0.001 4.26 11.38

DPI
MDI -3.580 1.808 0.123 -7.88 0.72

Control 4.240* 1.394 0.009 0.91 7.57

Control 
MDI -7.820* 1.487 < 0.001 -11.38 -4.26

DPI -4.240* 1.394 0.009 -7.57 -0.91

groups, One-way-Anova was used for the M index. 
The variance was not homogeneous in the three 
groups; thus, it was evaluated by Robust Weich test. 
In the Robust Weich test, the difference between the 
two groups was significant (p-value <0.001), hence 
the Games-Howell test was utilized. Table 2 reports 
the details of this experiment.
In this study, the Pearson Chi-square test was used for 
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Table 3. Pearson-Chi-square test results

Variables
Groups

MDI-treated DPI-treated Healthy individuals p-value

Candidiasis 6% 8% 2% 0.397

Fissured tongue 50% 30% 20% 0.005

Geographic tongue 10% 18% 0% 0.008

Hairy tongue 0% 0% 0%

Median rhomboid glossitis 4% 2% 0% 0.360

Periodontal disease 36% 42% 48% 0.499

Xerostomia, Dry mouth 62% 40% 12% 0.001

Dental erosion 8% 0% 0% 0.011

qualitative variables. Table 3 shows the results of the 
experiment and more detailed results of the study are 
presented in the discussion section.

Discussion
Drug side effects are common in the oral cavity and 
become more and more common with new drugs 
entering the market every day. Healthcare providers 
should be familiar with these common and unusual 
reactions. Detection of lesions is based on a history 
of systemic disease, drug use, and lesion creation. 
Most mucosal changes and lesions resulting from 
using drugs occur after weeks and months, but some 
lesions, such as lichenoid reactions, can initially be 
developed without signs and become symptomatic 
after several years (14). Oral manifestations of drugs 
affect the function, comfort, and patient quality of 
life (19). Therefore, according to the current study 
aims, the two groups of asthmatic patients, MDI, 
DPI, and gender-matched controls of 17 to 87 years 
of age evaluated and compared for the DMFT index 
and oral manifestations such as candidiasis, fissured 
tongue, geographic tongue, hairy tongue, median 
rhomboid glossitis, periodontal disease, xerostomia, 
dry mouth and dental erosion. DMFT index, fissured 
tongue, xerostomia, and dental erosion in MDI-
treated patients were significantly higher than the 
other two groups, while the geographic tongue was 

significantly higher in DPI-treated patients than the 
other two groups. It showed that periodontal disease 
and median rhomboid glossitis had no significant 
difference between the three groups. According to 
previous studies (19), 60% of injecting spray particles 
remain in the oropharynx by the DPI method and do 
not reach the lungs, while the amount in the inhaler 
spray reaches 80% by the MDI method. However, 
there was no significant difference in treatment 
performance in the two groups of patients with DPI 
and MDI. 
According to this study, the mean DMFT index in 
the patients using MDI was 22.20, patients using 
DPI was 15.84 and in the healthy individuals, it was 
13.8, in which in patients using inhaler spray MDI, 
was significantly higher than the other two groups 
(p-value<0.05). According to Gapanchi et al (18), 
DMFT did not differ significantly between asthmatic 
patients and the control group. The study which was 
performed on 18 different inhalers, demonstrated a 
decrease in salivary pH and it was 5.06 in DPI-used 
patients and 6.45 in MDI-treated patients. Therefore, 
the enamel demineralization and DMFT index were 
higher in MDI-treated patients (20). In a recent 
study, it was shown that asthma treatment drugs had 
no effect on the density, and pH of the saliva and 
consequently did not affect the DMFT index (21). 
Moreover, according to Heidari et al (22), there was 
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no difference in DMFT/dmft among different drug 
groups, including antihistamines, β2 agonists, and 
steroids, but patients who used the pill form had higher 
dental caries than inhalers. Recent studies suggested 
that corticosteroid inhalers increase the risk of dental 
caries and missing teeth in asthmatic patients due 
to prolonged use of inhaled corticosteroids (23-25). 
According to a study conducted by Khalilzadeh et 
al (26), a significant difference was found between 
the patients and the control group in the study, 
which contrasts with what has been observed in 
previous research. This difference may be linked to 
specific factors, such as the use of beclomethasone 
and salbutamol inhalers. Additionally, a significant 
difference exists in the dental aspects studied, as this 
research focused on mixed dentition and primary 
teeth. Several studies indicated a higher DMFT 
index in the patient group compared to the control 
group, with asthmatic patients showing significantly 
elevated rates of missing and filled teeth (27). In 
this study, we just found a significant difference in 
the missing index in the three groups. The duration 
of using inhalers was similar in the two groups of 
patients, therefore, the duration of the drug usage 
did not affect the amount of dental caries. Some 
studies such as Eloot et al (28), Ghapanchi et al (18), 
and Boskabady et al (1), confirm the present study 
results. Some studies suggested that the duration 
of drug intake was associated with dental caries in 
asthmatic patients (21,29,30). According to Ersin et 
al (21), there was a negative relationship between the 
duration of using the inhaler and the salivary pH, and 
if the duration was longer, the symptoms of reduced 
saliva levels and increasing dental caries were higher. 
The rate of dental caries was more in the asthmatic 
patients who suffered from severe asthma (31). 
These differences can be due to the types of inhalers, 
fluoride amount, lifestyle, the amount of sugar used, 
and the preventive caries methods (7,32). 
In our study, erythematous candidiasis was observed 
in the patient’s palates, which is more common in 
asthmatic patients than in the control group. On the 
other hand, patients who used corticosteroid inhalers 
had a significantly high prevalence of candidiasis 
(33,34). A possible explanation of this difference can 
be due to the type of inhaler which was used.
Additionally, in the current study, it was observed 

that the geographic tongue is significantly higher 
in the asthmatic patients than in the control group. 
In particular, geographic tongue in the MDI-treated 
patients is 10%, and in the DPI-treated patients, it is 
18%. Geographic tongue mean in studies performed 
by Honarmand et al (35) and Shulman et al (36) 
reported 11.9 and 12.7%, respectively. In a study 
performed by Ghapanchi et al (18), the geographic 
tongue of the asthmatic patient’s group was 10% and 
the geographic tongue of the control group was 2%. 
Based on the above studies and our experiments, 
there is a significant relationship between this disease 
and the occurrence of a geographic tongue, and the 
reported geographic tongue mean is close to the result 
of the present study. According to Miloglu et al (37), 
Yarom et al (38), Shulman et al (36), and Voros-Balog 
et al (39), there is no significant relationship between 
systemic disease and geographic tongue. A possible 
explanation for this difference is due to racial and 
geographical differences.
In this study, fissured tongue was the most 
common manifestation, which was significantly 
higher in the asthmatic patients than in the control 
group. Specifically, fissured tongue was 50% in the 
MDI-treated, 30% in the DPI-treated, and 20% in the 
control group. 
According to studies conducted by Yarom et al (38) 
and Voros-Balog et al (39), the mean of fissured tongue 
were reported 30.5% and 29.2%, respectively, which 
are close to the result of the current study. However, 
in Yarom et al (38) and Voros-Balog et al (39) 
studies, there was no significant relationship between 
systemic disease and fissured tongue. According to a 
study performed by Gapanchi et al (18), the mean of 
fissured tongue in asthmatic patients was 13%, and in 
the control group, it was 11% which is less than the 
results of this study.
In this study, the median rhomboid glossitis differences 
between the three groups were not significant. 
Specifically, the median rhomboid glossitis was 4% 
in MDI, 2% in DPI, and 0% in the control group, 
which advocates other studies’ results (18,38).
The present study revealed that periodontal disease 
is not significantly different between the three 
groups and the prevalence of periodontal disease in 
the control group is higher than in the MDI-treated 
and DPI-treated patients. According to McDerra et 
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al (40), Shashikiran et al (24),  and Stensson et al 
(41)  studies, asthmatic patients are more likely to 
experience periodontal disease than the control group. 
Eloot et al (28) did not find any significant difference 
between the patients and the control groups and also 
believed that the relationship between asthma and 
periodontal disease was due to pathologic, immune, 
and inflammatory responses. Some researchers 
believed that asthmatic patients had more calculus 
and plaque than the control group, due to the greater 
volume of calcium and phosphorus in the parotid 
and submandibular glands of these patients (40). 
According to a study conducted by Shulman et al (36), 
asthma and asthmatic drugs did not affect periodontal 
disease. The results of the related studies mentioned 
above advocate the results of the current study. 
In this study, significant differences were observed 
between the three groups. In particular, dental erosion 
of the MDI group is 8%, but it is 0% for the other 
two groups. Some research showed that the asthmatic 
patients were more risk-averse than the control 
group in dental erosion (42,43). On the other hand, 
Dugmore-Rock et al (44) reported that there was 
no significant difference in dental erosion between 
asthmatic patients and healthy ones. Asthma drugs 
can cause dental erosion with a decrease in saliva 
levels. Furthermore, the effect of bronchodilators 
and oral breathing in asthmatic patients raises 
the symptoms of dry mouth (42). It has also been 
shown by O’Sullivan et al (45) that inhaler contains 
fluticasone (pH=7.73) and budesonide (pH=6.47), in 
which DPI inhaled drugs can increase dental erosion 
by changing the chemical status of the oral cavity. 
However, according to Tootla et al (20), there was no 
difference in dental erosion between the two groups 
of patients using DPI and MDI. 
The experiments indicate that xerostomia and dry 
mouth are significantly higher in the MDI group 

(62%) than the DPI (40%) and the control group 
(12%), which is consistent with the results of Yuan et 
al (14), in which they measured salivation rate in 232 
asthmatic patients. According to their study, dry mouth 
was more common in patients using Seroflo® (MDI) 
than ones using Symbicort® (DPI). Furthermore, 
other research which evaluated 57 asthmatic patients 
using corticosteroid inhalers, demonstrated that there 
was no significant difference between the two groups 
of patients and the control (46).

Conclusion
To the best of our knowledge, this study is the 
first research in comparison and evaluation of oral 
manifestations of the two methods of using inhalers 
(DPI and MDI) in asthma disease. The study results 
could help various physicians who treat asthmatic 
patients every day. However, there were some 
limitations faced during the study, such as low sample 
size, lack of measuring Unstimulated Whole Salivary 
(UWS) flow rate for dry mouth, pathological culture 
for candidiasis, and accurate salivary pH test that 
reduced the accuracy of the study. To acquire a more 
accurate result from this study, large-scale research 
on different types of asthma medications and evaluate 
oral manifestations in other respiratory diseases and 
drugs is recommended.
As a general conclusion, the increased prevalence of 
manifestations in MDI patients, including an elevated 
DMFT index, fissured tongue, xerostomia, and dental 
erosion, underscores the importance of physicians 
paying more attention to both prescribing inhalers 
and providing necessary training for maintaining 
patient’s oral and dental hygiene.
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