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changed after inhaler treatment (p > 0.05).  Conclusion:  The 
antiasthmatic inhaler medication (salbutamol sulfate) affect-
ed the surface roughness and color of composite resin and 
glass ionomer restorative materials.  © 2013 S. Karger AG, Basel 

 Introduction 

 Asthma is a complex chronic inflammatory disease of 
the lower airways that affects people of all ages (approxi-
mately 300 millions) and is characterized by variable air-
flow obstruction and airway hyperresponsiveness  [1] . 
The prevalence of asthma has been increasing from 2–3% 
to 8–10% since the 1980s across all ages and in both gen-
ders as reported for adults  [2, 3]  and for children  [3–5]  
from different parts of the world.

  Salbutamol sulfate   is a selective β2 agonist that elicits 
fast-onset bronchodilation in reversible airway obstruc-
tion and is indicated for use in the routine management of 
chronic bronchospasms in adults, adolescents and chil-
dren aged 4–11 years with asthma  [6, 7] . Salbutamol sulfate 
is pharmaceutically available as an oral tablet or inhaler 
solution with a nebulizer. It is usually administered in the 
inhaler form, which directly affects the bronchial smooth 
muscles after breathing it in through the mouth  [7] . 
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 Abstract 

  Objective:  This study evaluated the effect of antiasthmatic 
medication on the surface roughness and color stability of 
dental restorative materials.  Materials and Methods:  A total 
of 60 disc-shaped specimens were fabricated from glass ion-
omer (n = 20), composite resin (n = 20) and feldspathic por-
celain (n = 20). Each material group was randomly divided 
into two subgroups (n = 10): (1) control group and (2) test 
group. Control groups of the specimens were kept in artifi-
cial saliva. Test groups were exposed to salbutamol sulfate 
(Ventolin Nebules) using an inhaler machine. Surface rough-
ness measurements were done using a profilometry and col-
or measurements were done with digital colorimetry at 
baseline and after inhalation and storing in artificial saliva. A 
two-way analysis of variance (ANOVA) and post-hoc Fisher’s 
least significant difference test were used to compare the 
change in surface roughness and color. The confidence level 
was set at 95%.  Results:  Inhaler treatment significantly in-
creased the surface roughness and color change of glass ion-
omer and composite resin materials (p < 0.05), while the sur-
face roughness and color of feldspathic porcelain was not 
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  Several studies  [8–10]  have shown that chronic treat-
ment with a salbutamol sulfate inhaler resulted in re-
duced saliva flow and a higher caries prevalence than in 
healthy controls  [8] , in a higher caries susceptibility 
among asthmatic children  [9]  and caries experience in 
primary and permanent teeth  [10] .

  The use of these drugs that are inhaled through the 
mouth may affect the color, surface texture and surface 
roughness of dental restorative materials  [11] . The sur-
face roughness of a material is of considerable impor-
tance, as microorganism adhesion is a prerequisite for the 
colonization of these surfaces  [12] . A roughened surface 
may promote plaque accumulation and staining. This 
concept is of clinical importance because smooth tooth 
surfaces prevent the formation of a biofilm  [13, 14] . 
Therefore, to provide ideal surface characteristics and es-
thetics, restorative materials must be well finished and 
polished. 

  Tooth-colored materials have gradually enhanced the 
quality of esthetic restorations. A natural tooth appear-
ance and affordability are only a few of the advantages of 
these esthetic materials. They have been generally used to 
modify the anatomy of teeth, to adjust misalignments and 
close diastemas for esthetic purposes to provide a tooth-
like structure and acceptable esthetic properties  [15] . 

  Esthetic materials that are generally used in dental 
clinics are resin or porcelain based. Composite resins 
(CRs) are the most commonly used materials in restor-
ative dentistry. However, CRs are susceptible to the ac-
tion of coloring substances, which may alter their original 
color and compromise esthetics  [14] . For more than 100 
years, dental porcelains have been used for indirect resto-
rations, such as crowns and bridges  [15] . Glass ionomer 
(GI) restorative materials adhesively bond to the tooth 
structure without requiring the removal of sound tooth 
structure or preconditioning the cavity for chemical ad-
hesion, as is required with CRs  [16] . They are often used 
in an encapsulated form, which offers a controlled pow-
der-to-liquid mixing ratio and therefore eliminates oper-
ator-induced variability  [17] .

  Antiasthmatic medication exerts effects on dental car-
ies and periodontal disease  [10] . However, no study has 
evaluated the effect of antiasthmatic drugs on the color 
stability and surface roughness of dental materials. The 
aim of this study was to investigate the effect of salbuta-
mol sulfate inhalation on the surface roughness and dis-
coloration of dental materials. The null hypothesis was 
that no significant changes in the surface roughness and 
color of dental restorations would occur after salbutamol 
sulfate inhalation. 

  Materials and Methods 

 The disc-shaped specimens (10 mm in diameter and 2 mm in 
thickness) of GI (Ketac molar, 3M ESPE, Minnesota, Minn., USA), 
CR (Filtek restorative, 3M ESPE, Minnesota, Minn., USA) and 
feldspathic porcelain (FP; Vita Omega 900, Vita Zahnfabrik, Bad 
Säckingen, Germany) (shade A2) were used. GI and CR specimens 
were fabricated in a Teflon mold with an incremental technique. 
Then, specimens were light-cured for 40 s using a light-emitting 
diode device (Mini LED, Satelec Acteon Group, Merignac, France) 
and polished with polishing discs (Sof-Lex, 3M Dental Products, 
St. Paul, Minn., USA) with intermittent movements lasting 10 s 
each time. FP material (1-mm thickness of opaque porcelain and 
1-mm thickness of dentine porcelain) was fired onto the metal 
discs in a porcelain-firing oven (Vita Vacumat 40T, Vita Zahnfab-
rik) at 760   °   C. Then, the overglazing liquid was applied to the sur-
faces and specimens were placed into the firing oven at 600   °   C. 

  All specimens were stored in artificial saliva for 24 h at 37   °   C to 
simulate clinical conditions before measurements. Artificial saliva 
was prepared as previously described by Ahn et al.  [18]  by mixing 
KCl (0.4 g/l), NaCl (0.4 g/l), CaCl 2 ·2H 2 O (0.906 g/l), NaH 2 PO 4 ·2H 2 O 
(0.690 g/l), Na 2 S·9H 2 O (0.005 g/l) and urea (1 g/l). Color readouts 
and surface roughness values of the test specimens were recorded at 
baseline. The specimens were then randomly divided into two groups 
(n = 10). In the tested group, specimens were subjected to salbutamol 
sulfate (Ventolin Nebules, Glaxo Smith Kline, Boronia, Vic., Austra-
lia) using an inhaler machine (Vivocare V 5002, Bremen Limited, 
Hong Kong) and then kept in artificial saliva for 1 week. In the con-
trol group, specimens were also kept in artificial saliva for 1 week. 
During the salbutamol sulfate application, the specimens were placed 
into a chamber using a supporting device that would allow the sam-
ples to remain in a vertical position so that the greater part of their 
surface would be exposed. After exposure to each inhaler strip, the 
test specimens were immersed in artificial saliva, brushed with tooth-
paste (Colgate Total, Colgate-Palmolive, Istanbul, Turkey) and 
washed under running water to simulate clinical conditions; they 
were then exposed to the next strip. Each sample was treated with 20 
mg × 7 nebules, as 20 mg is the average daily dose for asthma patients. 

  The surface roughness values (Ra) of the specimens were mea-
sured with a profilometer (SJ-201P, Mitutoya Corp, Kawasaki, Ja-
pan) using a 0.4-gf load for 5 s. The resolution of the surface rough-
ness data was 0.01 μm. Three readings were taken from each speci-
men (at the center of the specimen, 1 mm to the right and 1 mm to 
the left), and the mean Ra value was calculated for each specimen. 

  Color data were recorded using a portable colorimeter (Shade 
Eye-ex, Shofu, Japan) with a lightness level of 5 gray background, 
which was selected as a standard for color measurements. The di-
ameter of the measurement window was 3 mm; the illumination 
and light beam angle was 90°. Color changes were examined for 
each specimen based on color specifications using the CIE L * a * b *  
color space system. 

  The CIE L * a * b *  system represents a three-dimensional color 
space with components of lightness (L), red-green (a) and yellow-
blue (b)  [19] . The color differences (ΔE) resulting from inhalation 
were calculated using the following equation: ΔE = [(ΔL * ) 2  + 
(Δa * ) 2  + (Δb *  2 )] 1/2  where ΔL *  = L 1  – L 0 , Δa *  = a 1  – a 0  and Δb *  =
b 1  – b 0 . L 0 , a 0  and b 0  were the initial measured color data. For the 
control groups (ΔE control), L 1 , a 1  and b 1  were the measured color 
data of the specimens that were kept in artificial saliva and not sub-
jected to salbutamol sulfate inhalation. For the inhaler medica-
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ment groups (ΔE inhaler medicament), L 1 , a 1  and b 1  were the mea-
sured data of the specimens that were subjected to salbutamol sul-
fate inhalation. All color measurements were taken from the 
central part of each specimen. Values of ΔE  ≥ 3.3 were considered 
to be clinically unacceptable  [20] . To relate the color differences 
(ΔE) to the clinical environment, the color data were quantified by 
the National Bureau of Standards (NBS), United States units  [21] , 
with the following formula: NBS units = ΔE × 0.92. Critical marks 
of color differences according to the NBS are classified as trace (T): 
0.0–0.5; slight (S): 0.5–1.5; noticeable (N): 1.5–3.0; appreciable (A): 
3.0–6.0; much (M): 6.0–12.0 and very much (V): >12.0.

  Statistical Analysis  
 Statistical analyses were performed using the statistical package 

SPSS for Windows, version 15.0 (SPSS, Chicago, Ill., USA). The 
calculated data were tested regarding normality of the distribution 
using the Shapiro-Wilk test. A two-way analysis of variance (ANO-
VA) and post-hoc Fisher’s least significant difference test were 
used to compare the data from each material and treatment condi-
tion. Bonferroni adjustments for pairwise differences between 
groups were performed. The confidence level was set at 95%. 

  Results 

 The mean surface roughness values of restorative ma-
terials are presented in  fig.  1 . The mean Ra (in control 
groups) for GI was 0.140, for CR 0.025 and for FP 0.084. 
The mean Ra after inhaler medication for GI was 0.419, 
for CR 0.118 and for FP 0.085. Change in surface rough-
ness for GI was 199%, for CR 372% and for FP 5% ( fig. 2 ). 
For the surface roughness test, the two-way interaction 
between restorative materials and inhaler treatment was 

significant (p < 0.001). The surface roughness values of the 
restorative materials were significantly different both be-
fore and after inhaler treatments (p < 0.05). Inhaler treat-
ment significantly increased the surface roughness of GI 
and CR (p < 0.05). The surface roughness of FP was not 
changed significantly after inhaler treatment (p > 0.05). 

  Measured color data are presented in  table 1 . The mean 
color changes (ΔE) of restorative materials are presented 
in  fig. 3 . The mean ΔE (in control groups) for GI was 1.14, 
for CR 0.97 and for FP 0.40. The mean ΔE after inhaler 
medicament for GI was 6.81, for CR 6.00 and for FP 0.88. 
The two-way analysis of interaction between restorative 
materials and inhaler treatment was significant (p < 0.001). 
The smallest color change was observed in the FP group 
(p < 0.05). Inhaler treatment significantly increased the 
ΔE values of GI and CR (p < 0.05). The color change of FP 
was not significant after inhaler treatment (p > 0.05).

  When NBS values were calculated, all restorative mate-
rials were classified as slight before inhaler treatment (GI: 
1.05; CR: 0.90; FP: 0.36). FP restorations were also classified 
as slight after inhaler treatment (0.81). Inhaler treatment 
was observed to cause much color change for GI (6.27) and 
an appreciable change for CR (5.52) restorations. 

  Discussion 

 The null hypothesis of the study was rejected because 
there was a change in the surface roughness and color of 
GI and CR restorations after salbutamol sulfate inhalation.
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  Fig. 1.  Means of measured surface roughness data (Ra).    Fig. 2.  Change (%) in surface roughness.  
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  The present study showed that the inhalation of salbu-
tamol sulfate significantly affected the surface roughness 
of GI and composite specimens, while that of porcelain 
specimens did not change. Hence the intrinsic properties 
and finishing procedures of restorative materials affected 
the surface roughness characteristic  [22] . The surfaces of 
the porcelain specimens were finished by glazing, while 
the GIs and composites were not glazed but treated with 
the same Sof-Lex finishing and polishing discs via intra-
oral clinic techniques. This difference could be explained 
by the resistance of glazed surfaces to extrinsic factors. 
Another cause could have been the characteristics of the 
material itself. Porcelain materials do not change very 
much during their life in the oral cavity, but composite-
based materials suffer degradation due to mechanical 
and/or chemical interactions with the oral environment 
 [23] . Additionally, dental materials composed of CRs 

may absorb water and chemicals from the oral environ-
ment  [24] , which may affect the surface roughness as ob-
served in the present study.

  Like all medicines, antiasthmatic inhalers may pro-
duce some side effects. The manufacturers report that 
mouth or throat irritation is a common oral side effect of 
the drug  [25] . Surface roughness is an important clinical 
criterion of restorative materials. Increased roughness 
may lead to more plaque retention, bacterial adherence 
and gingival irritation  [12] . The results of the present 
study may explain the higher caries susceptibility of asth-
ma patients undergoing treatment with inhalers and neb-
ulizers. During the use of this medication, the drug is ap-
plied as a pressurized metered-dose aerosol unit for oral 
inhalation, which contains a microcrystalline suspension 
of albuterol sulfate ethanol and oleic acid. These sub-
stances cover the teeth and periodontal tissues during in-
halation and may remain as a residue after inhalation. 
Thus, patients using inhalers and nebulizers should be 
advised to implement more precautionary oral hygiene 
and to have their caries activity and periodontal health 
status regularly examined. Generally, it is advised to wash 
mouth immediately after using the inhaler  [6–9] .

  The results of the present study indicate that color 
change ΔE values were higher in the GI and CR groups 
than in the FP groups. The GI and CR groups showed 
clinically unacceptable color changes (ΔE >3.3) after in-
halation. The finding confirmed the previous investiga-
tions that showed the colors of CRs and GI cements 
changed over time due to intrinsic or extrinsic discolor-
ation factors  [26, 27] . Intrinsic factors generally include 
the chemical composition of the material, while extrinsic 
factors are related to the sorption of coloring agents  [28] . 
In the current study, inhalation influenced the color of 
CR and GI restorative materials. This discoloration may 
possibly be due to the active ingredient of the inhaler 
nebule, which contains a (C 13 H 21 NO 3 ) 2 ·H 2 SO 4  sulfate 
group. The ingredients of this drug may affect the sur-
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  Fig. 3.  Change in color (ΔE).  

Table 1.  Means of measured color data (L, a, b)

L0 L1 control L1 inhaler
med

a0 a1 control a1 inhaler
med

b0 b1 control b1 inhaler
med

GI 75.4 74.9 71.4 0.9 0.7 0.5 8.1 7.1 2.6
CR 77.5 77.3 72.3 0.4 0.7 0.3 8.5 7.6 5.5
FP 79.8 79.4 79.1 0.4 0.4 0.2 6.3 6.3 5.8

 L0, a0, b0 = Initial color measurements; L1, a1, b1 = measured color of the specimens after being subjected to only artificial saliva or 
subjected to salbutamol sulfate; med = medicament.
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faces of the dental materials by forming a pellicle matrix 
that provides an acidic environment, thus promoting de-
mineralization and increasing surface roughness and 
discoloration.

  When the mean ΔE values of the specimens were con-
verted to NBS units, GIs exhibited much difference, CRs 
exhibited an appreciable difference after inhalation, while 
all control groups were classified as slight. The color of 
the porcelain specimens did not change and the differ-
ence remained slight. Samra et al.  [29]  evaluated the color 
changes of composite and porcelain restorative materials 
in staining solutions and reported that the smallest change 
was observed in the ceramic group.

  Surface roughness and color properties are related to 
each other for dental materials because restorations with 
high surface roughness are more susceptible to staining 
 [26] . Increased surface roughness causes plaque accumu-

lation and discoloration of the material  [30] . Addition-
ally, the surface texture affects the color of the restoration, 
as a smooth surface reflects a greater amount of light than 
a rough surface  [26] . 

  Conclusions 

 The antiasthmatic inhaler medication (salbutamol sul-
fate) changed the surface roughness and color of CR and 
GI restorative materials, but it did not change these pa-
rameters in FP. 
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