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The long-term use of pediatric medications can lead

to discoloration of dental restorations, which affects
their durability and longevity. The present in vitro study
evaluated the effects of commonly used pediatric
medications on the color stability of a conventional and
a bulk-fill composite resin. For this study, 80 disc-shaped
specimens of each composite were prepared in molds
with a diameter of 6 mm and thicknesses of 2 or 4 mm
(n =40 per thickness per material). A spectrophotometer
was used to evaluate the baseline color of the specimens
in the International Commission on lllumination L*a*b*
color space. Each specimen was immersed separately

in a container holding 1 of 8 liquid medications (n =5
per thickness per medication): amoxicillin/clavulanate,
clarithromycin, cephalexin, acetaminophen, ibuprofen,
levetiracetam, multivitamin, or albuterol. After the
container was shaken for 2 minutes, the specimen was
removed from the medication and stored in artificial
saliva. The cycle was repeated every 8 hours for 1 week.
The color measurements were repeated after 1 week of
immersion cycles, and the overall color change (AE*)
was calculated; a value of AE* > 3.3 was considered
clinically perceptible. The data were analyzed with
1-way and 2-way analyses of variance as well as the
Levene test and Games-Howell post hoc test (P < 0.05).
All specimens displayed clinically perceptible color
changes after exposure to medications commonly used
by children. The mean color change in the 4-mm bulk-fill
composite resin group was significantly greater than
that in all other groups (P < 0.05). However, there was
no significant difference in color change based on the
immersion drug for either of the composites (P > 0.05).
The study findings show that exposure of composite
resin to certain commonly used pediatric drugs causes
color changes that are clinically perceptible.
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mprovements in dentistry and changes in patients’

esthetic expectations have led to a significant increase

in the use of direct composite resin restorations.' The
success of restorative materials, including composites, largely
depends on their color stability. Accordingly, color change in
a composite restoration is one reason for restoration replace-
ment.? Resin-based composites are also integral to modern
pediatric restorative dentistry.?

Intrinsic or extrinsic factors may cause the discoloration of
tooth-colored resin-based materials. Intrinsic factors include
discoloration of the resin material, which may result from
changes in the resin matrix as well as in the filler-matrix
interface.* External discoloration may be due to insufficient
curing, consumption of food and beverages, and pharmaceu-
tical formulations that contain colorants and/or additives.®
Recent advances in composite fabrication, such as increasing
filler content, reducing the diameter of filler particles, and
increasing hydrophobic properties, may make these materials
resistant to discoloration. However, the color stability of com-
posites remains a major problem.*

Syrup or suspension formulations of medications are gener-
ally prescribed to young children with acute and/or chronic
medical conditions, because other forms are not as well toler-
ated. Sugars, acids, buffering agents, and colorants are used
in these liquid formulations, which are acceptable as oil and/
or water-soluble agents. However, the low endogenous pH as
well as high titratable acidity of these ingredients can cause
adverse effects, such as extrinsic or intrinsic staining of tooth
surfaces, erosion, and staining of restorations. In addition,
long-term contact of these liquid formulations with primary
teeth can result in decreased enamel hardness, surface altera-
tions, and surface deterioration of restorations.’

Yildirim and Uslu evaluated the impact of various pediatric
medications and toothbrushing on color changes in restorative
materials used in pediatric dentistry.® The results showed that
the content of pediatric drugs can affect the color change.
Glass hybrids and carbomers and their surface sealants
appeared to be more resistant to staining than compomers.®

Kale et al evaluated the impact of various drug formulations
for children on the color stability of different esthetic restor-
ative materials.” The greatest color alteration was observed in
composite resin for all drug groups. The amoxicillin/clavula-
nate and metronidazole groups exhibited the most significant
color stainability.’®

Tanthanuch et al evaluated surface changes in several bulk-fill
resin-based composites, which can be placed in thicker or single
increments.” Several bulk-fill composite resins that specify incre-
ment depths in the 4- to 5-mm range have been developed to
speed and simplify the placement of large posterior restorations.



Table 1. Composite resins used in the study.

Material Type Composition Filler, wt%/vol%
Filtek Bulk Fill Posterior = Bulk-filled Bis-GMA, Bis-EMA, Procrylat, UDMA, 76.5/58.4
Restorative (3M) zirconia or silica, ytterbium trifluoride

Filtek Z550 (3M) Nanohybrid universal  Bis-GMA, UDMA, Bis-EMA, PEGDMA, 81.8/67.8

TEGDMA, modified zirconia/silica

Abbreviations: Bis-EMA, ethoxylated bisphenol A dimethacrylate; Bis-GMA, bisphenol A glycidyl methacrylate; PEG-
DMA, polyethylene glycol dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

Table 2. Pediatric drugs used in the study.

Drug

Amoxicillin/clavulanate

Clarithromycin
Cephalexin
Acetaminophen

Ibuprofen

Levetiracetam

Multivitamin

Albuterol

Ingredients per 5 mL

Component

Amoxicillin trinydrate
Clavulanate

Saccharin sodium (sweetener)
Clarithromycin

Cephalexin monohydrate
Acetaminophen

Ibuprofen

Saccharin sodium (sweetener)
Levetiracetam

Vitamin A
Vitamin D
Vitamin E

Vitamin B,

3

Vitamin B,
Vitamin B,
Vitamin B,
Vitamin C

Folic acid

Niacin

Albuterol sulfate

Saccharin sodium (sweetener)

Amount
250 mg
62.5 mg
4.15 mg
250 mg
250 mg
120 mg
100 mg

1.5mg
100 mg
2500 1U
400 IU
151U
1mg
1.2mg
1mg
4.5 mg
60 mg
400 mg
13.5mg
2mg

4 mg

Such large increments reduce the time required for placement,
thereby reducing the sensitivity of the technique.®

Although manufacturers suggest placing such bulk-fill materi-
als to a maximum depth of 4 mm, the depth of cure and mechan-
ical properties may not be suitable for clinical application.’
According to Shamszadeh et al, there are few reports regarding
the impact of storage media (simulation of exposure to various
substances in the oral environment) and thickness increase on
the discoloration of bulk-fill composite resins.’ Therefore, the
present study aimed to investigate the effects of commonly used
pediatric drugs on the discoloration of bulk-fill composite resins.

Methods

This in vitro study was registered with the ethics committee
of Ardabil University of Medical Sciences, Ardabil, Iran (No.
IR.ARUMS.REC.1398.293).

A total of 160 specimens—80 conventional (Filtek Z550,
ESPE) and 80 bulk-fill (Filtek Bulk Fill Posterior Restorative,
ESPE) composite resin discs—were prepared in polyethylene
molds with a diameter of 6 mm and thicknesses of 2 or 4 mm
(n = 40 per group [material and thickness]). Table 1 describes
the materials evaluated in this study. To ensure standardiza-
tion for color analysis, shade A2 was used for all specimens.
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Chart 1. Mean color change (AE*) in composite resin specimens based
on the type and thickness (n = 40 per composite per thickness).
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Color change evaluated after 2-minute immersion in common pediatric
medications 3 times a day for 7 days.

Error bars represent the standard deviation. There is a statistically
significant difference in discoloration between the groups (P < 0.05;

2-way analysis of variance). There is a statistically significant difference
between Filtek Bulk Fill and Filtek Z550 specimens in both 2-mm and 4-mm
thicknesses (P < 0.05; Games-Howell post hoc test).

The composite resins were injected into the molds and
pressed between 2 glass slides to prevent air entrapment and
voids. The conventional composite with a thickness of 4 mm
was placed in 2 layers.

The specimens were polymerized for 20 seconds (1000
mW/cm?) with an LED light-curing unit (Ivoclar Vivadent)
after removal of the upper glass slide. In the 4-mm con-
ventional specimens, each layer was cured separately. All
specimens were contoured and finished with 400-grit silicon
carbide paper. They were then thoroughly washed with water
for 10 seconds to remove debris and incubated for 24 hours at
100% humidity and 37°C.

The color of the specimens was assessed in terms of the
International Commission on Illumination (CIE) L*a*b* color
space. The baseline color values (L*, a*, and b*) of all specimens
were measured with a spectrophotometer (Vita Easyshade
Compact, model DEASYCHP, VITA North America). The
device was calibrated using its calibration tool, and the mea-
surement was taken at the center of the specimen by placing
the tip of the probe perpendicular to the specimen surface.
Each specimen was measured 3 times, and the mean of the 3
values was used for analysis.

The 40 discs in each group were then divided into 8 sub-
groups (n = 5) based on the pediatric drug tested: amoxicillin/
clavulanate, clarithromycin, cephalexin, acetaminophen,
ibuprofen, levetiracetam, multivitamin, or albuterol (Table 2).
Each specimen was immersed in 10 mL of liquid medicine in
an individual test tube, the container holding the specimen and
medicine was shaken for 2 minutes, and the specimen was then
removed from the container. The cycle was repeated every 8
hours for 1 week. Between immersion periods, the specimens
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Chart 2. Mean color change (AE*) in composite resin discs based
on the immersion drug (n = 10 per medication).
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Color change evaluated after 2-minute immersion in common pediatric
medications 3 times a day for 7 days. Combined results for both
composite resins (Filtek Bulk Fill and Filtek Z550).

Error bars represent the standard deviation. There are no statistically
significant differences based on immersion drug.

were stored in artificial saliva (1000 mL distilled water, sodium
chloride, potassium chloride, sodium dihydrogen phosphate,
calcium chloride, and sodium sulfur).

After 1 week, the specimens were rinsed with distilled water
for 5 seconds and then brushed slowly with a soft toothbrush for
15 seconds, followed by drying with clean paper. The method
described for the initial color measurement was used to take new
color measurements. The changes in the 3 color values from the
first to second measurement were recorded as AL*, Aa*, and Ab*.
The change in overall color (AE*) was determined according to
the following formula: AE* = [AL*2 + Aa*2 + Ab*2]*. A value of
AE* > 3.3 was considered clinically perceptible.!*

The results were analyzed with SPSS software (version 19.0,
IBM) using 1-way and 2-way analyses of variance (ANOVAs). For
multiple comparisons, the Levene test and Games-Howell post
hoc test were used to compare the different materials (P < 0.05).

Results

All specimens exhibited clinically perceptible color changes
(AE* > 3.3) after exposure to common pediatric drugs. There
was a statistically significant difference in discoloration
between the groups (P < 0.05; 2-way ANOVA) (Chart 1). A
statistically significant difference was observed between the
2-mm conventional composite group and both of the bulk-fill
composite groups (P = 0.001; 2-way ANOVA). The post hoc
Games-Howell test showed that the color change was signifi-
cantly greater in the 4-mm bulk-fill group than in the 2-mm
bulk-fill group as well as both of the conventional groups

(P < 0.05). The ANOVA and post hoc tests showed that both
composites had a statistically significant increase in discolor-
ation with increasing thickness (P < 0.05).



Chart 3. Mean color change (AE*) in composite resin specimens based on the composite type and immersion drug

(n =5 per composite per drug).
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Color change evaluated after 2-minute immersion in common pediatric medications 3 times a day for 7 days.

Error bars represent the standard deviation. There are no statistically significant differences based on immersion drug.

When all specimens in the study were evaluated as a single
group, no statistically significant difference in color change
was observed between any of the 8 drugs evaluated (Chart 2).
Similarly, analysis of the subgroups revealed that the immer-
sion drug had no significant effect on color change for either
of the composites at either thickness (Chart 3).

Discussion

Color stabilization and anticaries activity are among the

most important properties of tooth restoration in pediatric
dentistry.!® Long-term use of prescription pediatric medicines
may cause problems because they lower plaque pH, increasing
the erosive and cariogenic potential. In addition, long-lasting
color stability is an important esthetic feature of restorative
materials, and the need for multiple visits to the dentist may
have undesirable consequences such as the additional costs of
replacing restorations and development of dental anxiety.!! Some
in vitro studies reported that drugs can affect the hardness and
toughness of enamel and lead to morphologic changes.'***

Color stability can be measured with special instruments or
the human visual system. Similar to previous studies, the present
study used the Vita Easyshade spectrophotometer and the CIE
L*a*b* color space for the assessment of color change because
of the benefits of repeatability, objectivity, sensitivity, and
determination of small color alterations.?

In the present study, all composite resin specimens exhibited
clinically perceptible color changes after being exposed to liquid
forms of medicines commonly used by children (AE* > 3.3).
Liquid medications are typically viscous syrups that penetrate
and adhere to fissures and interproximal areas and cannot be
brushed away.!* Use of these formulations for even a short period
of time can have long-lasting results. Their sugary properties
can increase the cariogenic and/or erosive potential on tooth
surfaces because of the high acidity."*

Sweetened drugs taste good, which improves patient
compliance. However, they can have adverse effects on teeth
when used in children with chronic diseases.'* Yildirim and Uslu
concluded that the staining effect of drug solutions on restorative
materials is associated with the material composition, types of
pigments used, and exposure length.® Kale et al observed that the
amoxicillin/clavulanate and metronidazole groups displayed the
greatest color stainability.” In the present study, the highest and
lowest rates of discoloration were also observed in specimens
exposed to antibiotics and analgesics, respectively.

The color of esthetic restorative materials is influenced by
the matrix, filler composition, proportion of filler, secondary
pigments, reaction-initiating components, binder components,
and their interactions.!®'>!® The susceptibility of composite resins
to discoloration is also determined by their water absorption
and degree of hydrophilicity. The water-absorbing compound
can also absorb other liquids and cause discoloration.”” Water
sorption happens primarily as direct absorption into the resin
matrix. Therefore, increased levels of resin matrix lead to more
water absorption and a poorer bond between filler particles and
the resin matrix in composites. Increased water absorption can
reduce the composite’s durability by expansion and plasticization
of the organic matrix and hydrolysis of the silane. Microcracks of
the resin matrix due to the effects of swelling and plasticization,
as well as the interfaces created between the resin matrix and the
filler, allow stain penetration and restoration discoloration.'®

The type of resin matrix is another important factor in
the discoloration potential, as urethane dimethacrylate
(UDMA) matrices have lower water absorption and greater
stain resistance than bisphenol A glycidyl methacrylate (Bis-
GMA) matrices, which are more viscous. In this study, all
resin systems contained Bis-GMA, which is most sensitive
to discoloration. Mansouri and Zidan reported that adding
more triethylene glycol dimethacrylate (TEGDMA) resulted
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in increased water absorption in Bis-GMA-based resins."”
According to the manufacturer, Filtek Z550 is a nanohybrid
composite with several monomers, such as Bis-GMA,
ethoxylated bisphenol A glycol dimethacrylate (Bis-EMA),
and UDMA; a small fraction of a hydrophilic monomer
TEGDMA is also present.” A reduced amount of TEGDMA
can limit the water absorption as well as the color variation
caused by absorption of the staining solution.?

Nanofilled composites contain nanoparticles that fill the
spaces between large particles, leading to progressively smaller
voids in the resin mass. They are also characterized by higher
resistance to water absorption. Also, because of the small par-
ticle size resulting from nanotechnology, the surface area of the
fillers and the interaction between the matrix and the filler sur-
face have been enhanced significantly. Therefore, water uptake
is not highly effective on nanofilled composites because they
have reduced water absorption, less hydrolytic degradation,
and less filler-matrix debonding, which can partially explain
the greater color stability of the tested nanohybrid composite
resin in comparison to the conventional material.! However,
nanohybrids such as Filtek Z550 contain larger particles (~0.2-
0.9 pm) than nanofills or microfills (< 100 nm), and therefore
there are limitations on their esthetic properties.*

According to a study by Reddy et al, nanofilled composite
resin exhibited comparatively less surface roughness and color
alterations than hybrid and microhybrid composite resins.?® In
contrast, in a study by Muhittin et al, Filtek Z250 demonstrated
less discoloration than the nanofilled composite resin Filtek
Ultimate, despite the larger particle size of the former.?' The
authors concluded that the result could be due to the composi-
tion of the resin matrix.

The results of the present study suggest that bulk-fill mate-
rials with a thickness of 4 mm are more vulnerable to dis-
coloration than are conventional composite resin materials.
According to manufacturers of these products, bulk-fill com-
posite resins are formulated with greater translucency and a
more powerful initiator to achieve a greater depth of cure.??

Lee et al reported that color alterations in composite resins
during polymerization can be associated with their tendency
to exhibit significant diffuse reflection as a result of an
increase in the resin phase refractive index during conver-
sion of monomers to polymers.”® Chromatic alterations in
camphorquinone result in discoloration and refractive index
alterations after polymerization.” Refractive index changes
and a large amount of camphorquinone lead to discoloration
in bulk-fill composite resins.”

Shamszadeh et al found that bulk-fill composite resins
exhibited greater susceptibility to color changes than con-
ventional composites did following immersion in coffee.’
The greater susceptibility to staining in the thicker bulk-fill
composite specimens may result from their lower depth of
cure.’ Use of a bulk-fill method results in a greater number
of resin—particle matrix interfaces, as well as elevated light
scattering because of the variations in refractive indices.
Thus, fewer photons can reach the deeper layers of the com-
posite resin, and the cure value is lower at greater depths.’
Flury et al found lower depths of cure in 4-mm-thick bulk-fill
specimens than those reported by the manufacturers.*
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Degirmenci and Degirmenci reported that the esthetic
properties of restorative materials are also affected by the
thickness of the composite material.?” Bahbishi et al evaluated
the color stability of bulk-fill composite materials exposed
to common beverages.?® They reported greater color stabil-
ity in these materials compared with that in a universal resin
control group. This finding is inconsistent with the present
results. However, all of the specimens in the study by Bahbishi
et al were 2 mm thick, which might explain why the authors
observed less color change in the bulk-fill composite.?

Afzali et al found that nanofilled and flowable composite
resin specimens were susceptible to discoloration following
immersion in several staining solutions. They concluded that
the color change values (AE*) were not associated with the
solution or type of restorative material.”

The present study has several limitations. First, the results
are limited to a small number of liquid pediatric medicines.
Second, an in vitro model may not mimic actual oral envi-
ronmental conditions. Finally, this study did not examine all
factors affecting discoloration in the oral environment, such as
thermal cycles and aging.

Conclusion

Within the limitations of this study, the data show that expo-
sure of composite resin specimens to certain drugs caused
clinically perceptible color changes (AE* > 3.3). The color
alteration was significantly greater in bulk-fill composite resin
than in conventional composite resin following immersion in 8
drugs commonly used by children.
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