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Abstract 
Background: The prolonged use of pediatric syrups without adequate control of oral hygiene can cause effects on 
the physical characteristics of the restoration materials, which in turn can cause deterioration of the material and 
subsequent carious recurrence.
Aim:  To evaluate the effect of two long-term use syrups in children on the microhardness and surface roughness 
of three restorative materials.
Material and Methods: Three study groups were formed, consisting of a conventional self-curing ionomer cement, 
a light-curing ionomer cement, and a light-curing composite resin. Each group had 40 specimens made with the 
respective restorative material; in addition, these were distributed in 2 subgroups with 20 specimens each, which 
were immersed in Paracetamol and Ferrous Sulfate in syrup following a protocol that consisted of 2 minutes each 
day for 28 days. 
Results: Over time (0, 7, 14, 21, and 28 days), when evaluating microhardness, the composite resin subgroup 
exposed to ferrous sulfate (p = 0.027) and the Ketac Molar ionomeric cement subgroup (p = 0.002) exposed to 
Paracetamol showed statistically significant differences; while, when evaluating surface roughness, the composite 
resin subgroups (p = 0.032) and Ketac Molar ionomeric cement (p = 0.01) exposed to ferrous sulfate showed a 
statistically significant difference. 
Conclusions: The more days of exposure to ferrous sulphate syrup, the less the microhardness of the composite 
resin decreases; something similar occurs with the microhardness of Ketac Molar ionomeric cement when exposed 
to Paracetamol syrup. Meanwhile, the surface roughness of the composite resin and Ketac Molar ionomeric cement 
increases considerably when exposed to ferrous sulphate.
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Introduction
When children suffer from chronic diseases, they are 
prescribed medications by different routes of adminis-
tration; for example, the oral route is the most common-
ly used, through syrups, since swallowing oral medica-
tions in the form of capsules or tablets is not practical 
for children (1). In order for syrups to be easily accepted 
by children, the pharmaceutical industry uses sucrose, 
which acts as a preservative and antioxidant to prolong 
the shelf life of the product (2,3). The solubility of some 
substances in syrups depends on the pH, so they are aci-
dic preparations formulated to maintain chemical stabi-
lity, optimize the efficacy of the substances and ensure 
optimal dispersion of the drug (1,4). 
Research has shown that the use of syrup can act as 
an extrinsic agent for dental erosion and have negati-
ve effects on the microhardness of deciduous and per-
manent enamel, due to the high titratable acidity (total 
acidity) and the low pH of the solution (5-7). Minimally 
invasive techniques using glass ionomer cements are 
suggested for caries management due to their effective-
ness, simplicity and low cost (8), and their ability to re-
lease fluoride, providing advantages in the comprehensi-
ve treatment of children (9). The use of pediatric syrups, 
due to the low pH, can degrade restoration materials de-
pending on the frequency of use (10,11). Therefore, the 
purpose of this research is to evaluate the microhardness 
and surface roughness of restoration materials subjected 
to prolonged use of pediatric syrups.

Material and Methods
The study had a quantitative methodology of quasi-ex-
perimental design. To evaluate the microhardness and 
surface roughness, 3 dental restoration materials and 2 
pediatric syrups for long-term use were selected. The 
selected restorative materials were: A Llis light-curing 
composite resin (EA2 FGM, Brazil), an I-Seal light-cu-
ring ionomeric cement (PREVEST Den Pro®, England) 

and a Ketac Molar self-curing ionomeric cement (3M 
ESPE, Seefeld, Germany). Meanwhile, the pediatric 
syrups selected were those that are frequently indicated 
by health professionals for the treatment of certain di-
seases; such as Paracetamol (120 mg/5 ml) indicated in 
cases of chronic pain, and Ferrous sulfate (75 mg/5 ml) 
indicated for the prevention and treatment of iron defi-
ciency anemia. 
Taking into consideration the restorative material, 3 study 
groups were formed. Each group had 40 specimens made 
with the respective restoration material; in addition, these 
were distributed in 2 subgroups with 20 specimens each, 
where the specimens of one of these subgroups were im-
mersed in Paracetamol syrup (120 mg/5 ml; pH: 4.5) and 
the specimens of the other subgroup were immersed in 
Ferrous sulfate syrup (75 mg/5 ml; pH: 3.9). Adding a to-
tal of 6 study subgroups (Fig. 1).
-Preparation of specimens
Specimens were prepared in a standard plastic mold in 
a total of 120 disc-shaped (8 mm × 2 mm), 40 samples 
of each restorative material. These were prepared as des-
cribed in their manufacturer’s manuals. The self-curing 
glass ionomer cement was allowed to set at room tempe-
rature for 10 min. The I-Seal Ionomer and Light-Curing 
Composite Resin were polymerized through a glass slide 
using a halogen light curing unit (Optilux 501, Kerr, Po-
mona, CA, USA) with a light intensity of 500 mW/cm2. 
After the procedure was completed, the samples were 
removed from the mold, subjected to a polishing system 
and then stored in deionized water at 37°C for 24 h.  
-Immersion of the specimens
Specimens from the 6 study subgroups were immersed 
in 10 ml of solution depending on the immersion me-
dium, Paracetamol syrup (120 mg/5 ml; pH: 4.5) or Fe-
rrous sulphate syrup (75 mg/5 ml; pH: 3.9), for a period 
of 2 minutes per day with 24 hour intervals between im-
mersion cycles. After each immersion cycle, the speci-
mens were rinsed and stored in deionized water until the 

Fig. 1: Schematic of the study groups.
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next cycle. The syrups were renewed for each immer-
sion cycle. The microhardness and surface roughness of 
the restorative material were evaluated at the initial day 
and on days 7, 14, 21 and 28 (Fig. 1).
-Microhardness Test
The surface microhardness values were determined 
using a Mitutoyo HV-1000 Vickers microhardness duro-
meter and the values obtained were recorded as Vickers 
hardness number (VHN) Kg/mm2. Three notches in to-
tal were made at different points of each specimen not 
less than 1 mm from the adjacent notch with a load of 
100 gr for 15 seconds. The average of the three values 
obtained was recorded as VHN in) Kg/mm2.
-Surface Roughness Test
The average surface roughness (SR) values for all samples 
were measured with a Digital Roughness Tester (Huatec 
– SRT6200). Three successive measurements were recor-
ded in different directions for each surface. Average surfa-
ce roughness values were obtained. The cut-off value for 
surface roughness was 0.25 mm and the sampling length 
for each measurement was 1.5 mm. The rugosimeter was 
calibrated before each measurement session.
-Data analysis
Data were analyzed using the Kruskal-Wallis test for in-
tra- and inter-group comparisons. Results were evalua-
ted at a significance level of p < 0.05. 

Results
This study evaluated the microhardness and surface rou-
ghness of 3 dental restorative materials after being expo-
sed to 2 pediatric syrups for prolonged use. In Table 1, 

it can be observed that when comparing the effect of 2 
pediatric syrups (Paracetamol and Ferrous Sulphate) on 
the microhardness of 3 restorative materials (Composite 
resin, I-Seal Ionomeric Cement and Ketac Molar Iono-
meric Cement) over time (0, 7, 14, 21 and 28 days), the 
subgroup of composite resin exposed to Ferrous Sulpha-
te and the subgroup of Ketac Molar ionomeric cement 
exposed to Paracetamol showed statistically significant 
differences (p = 0.027*; p = 0.002*), that is, in both 
groups as the days of exposure pass there is a decrease 
in the microhardness of the restorative material.
While, when comparing the effect of both syrups on the 
surface roughness of the 3 restorative materials, only 
the subgroups of composite resin (p = 0.032) and Ketac 
Molar ionomeric cement (p = 0.01) exposed to ferrous 
sulfate showed a statistically significant difference; that 
is, the more days of exposure to ferrous sulfate in syrup, 
the considerably increased the surface roughness of both 
restorative materials (Table 1).
However, when comparing the effect of the 2 pediatric 
syrups on the microhardness of the 3 restorative mate-
rials for each time period, statistically significant diffe-
rences were found for each time period (p < 0.05); while, 
when comparing the surface roughness, no statistically 
significant differences were found (p > 0.05) (Table 1).

Discussion 
In the field of dentistry, it is very important to select the 
appropriate restorative materials, especially if they are 
to be used in the care of younger patients (11,12). Com-
posite resins, light-curing and self-curing ionomeric ce-

Subgroups / Time Initial (day 0) 7 days 14 days 21 days 28 days p
Microhardness (Kg/mm2)
Resin/Ferrous Sulphate 50.9±4.0 42±1.5 41.4±1.1 39.5±2.4 38.8±3.9 0.027*

Resin/Paracetamol 54.3±5.4 53.3±5.0 52.7±5.6 50.8±5.4 48.9±5.1 0.378*
I-Seal Ionomer/Ferrous Sulphate 19.1±3.3 10.9±1.9 10.8±1.9 10.4±2.1 10.1±2.4 0.052*
I-Seal Ionomer/Paracetamol 18.1±2.4 13.1±0.2 12.7±0.3 12.5±0.1 12±0.4 0.002*

Ketac Molar Ionomer/Ferrous Sulphate 43.1±3.1 40.6±3.3 40.4±3.7 40.1±3.4 39.4±2.1 0.613*
Ketac Molar Ionomer/Paracetamol 42.7±1.8 41.4±2.4 39.7±3.1 38.9±3.0 38.1±3.5 0.207*
p 0.001* 0.001* 0.002* 0.002* 0.003*
Surface roughness (μm)
Resin/Ferrous Sulphate 1.02±0.33 1.11±0.38 1.16±0.42 1.39±0.57 1.82±0.25 0.032*
Resin/Paracetamol 1.12±0.79 1.23±0.81 1.35±0.89 1.37±0.89 1.44±0.88 0.783*
I-Seal Ionomer/Ferrous Sulphate 1.22±0.38 1.27±0.39 1.38±0.42 1.44±0.37 1.55±0.36 0.580*
I-Seal Ionomer/Paracetamol 0.95±0.64 1.09±0.62 1.16±0.64 1.22±0.66 1.28±0.69 0.728*
Ketac Molar Ionomer/Ferrous Sulphate 1.49±0.12 1.61±0.12 1.68±0.09 1.72±0.08 1.83±0.08 0.01*
Ketac Molar Ionomer/Paracetamol 1.42±0.38 1.45±0.39 1.49±0.38 1.60±0.35 1.75±0.17 0.507*
p 0.387* 0.369* 0.476* 0.872* 0.565*

Table 1: Comparison of the effect of two pediatric syrups on the microhardness and surface roughness of restorative materials.

*Kruskal-Wallis Test
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ments are usually the most commonly used restorative 
materials in the treatment of caries lesions in temporary 
and young permanent dentition. 
Most pediatricians and pediatric dentists have a choice 
for the presentation in syrups for the medications they 
prescribe to children, this is mainly due to the difficulty 
that the latter have in swallowing medications in capsu-
le or tablet presentations; the active compounds of the 
medications are essential to improve health, however, 
some inactive substances can be a risk for dental enamel 
or the restorative material (11). This study evaluated the 
microhardness and surface roughness of ionomeric and 
resinous restorative materials exposed to two syrups for 
prolonged pediatric use (Paracetamol and Ferrous Sul-
phate). Microhardness and surface roughness are impor-
tant physical properties to consider in dental restorative 
materials (13).
Microhardness is an indicator of the material’s resistan-
ce to plastic deformation, which is related to its dura-
bility and longevity in the oral cavity; a higher micro-
hardness of the restorative material is associated with 
better resistance to wear and abrasion during mastica-
tion; this is relevant, since the material must maintain 
its properties over time to preserve the integrity of the 
restoration (12,13). Meanwhile, the surface roughness of 
the material is crucial to avoid excessive accumulation 
of bacterial plaque and the development of secondary 
caries (12).
Regarding the superficial microhardness, it was shown 
that the longer the exposure time to ferrous sulphate in 
syrup, the greater the decrease in the microhardness of 
the composite resin (p = 0.027); Paracetamol in syrup 
also caused a greater decrease in the superficial micro-
hardness in the I-Seal ionomeric cement (p = 0.002); 
both ferrous sulphate and Paracetamol showed a de-
crease in the microhardness values of the Ketac molar 
ionomeric cement at 28 days of exposure (39.4 ± 2.1; 
38.1 ± 3.5), but these differences were not statistically 
significant (p = 0.613; p = 0.207), these results differ 
from those reported by Gurdogan et al. (10) who found a 
decrease in the microhardness of Ketac molar ionomeric 
cement when exposed to multivitamin syrups and effer-
vescent tablets (p<0.05). 
When evaluating the surface roughness, it was shown 
that a longer exposure time to ferrous sulphate in syrup 
caused a marked increase in the surface roughness in 
the composite resin (p = 0.032) and the Ketac molar 
ionomeric cement (p = 0.01). These results agree with 
Gurdogan et al. (10) who indicated that the Ketac molar 
glass ionomeric cement showed high roughness values 
when exposed to multivitamin syrups and effervescent 
tablets (p < 0.05). The results of this study did not show 
an increase in the roughness of the light-cured ionomeric 
cement when exposed to ferrous sulphate and parace-

tamol syrup (p=0.58; p=0.728), however, other studies 
demonstrated that the light-cured ionomeric cement pre-
sents higher values of surface roughness when exposed 
to agents such as probiotic mouthwash (14) and gastric 
acid (15).
Along the same lines, the studies by Doğu Kaya et al. 
(16) and Veček et al. (17) proved that the immersion of 
different types of resin composites and hybrid restorative 
cement in acidic pH drinks (green smoothie and multi-
vitamin tablets) affected the micromechanical properties 
of the restorative materials such as their microhardness 
and roughness. Both studies showed that when exposed 
to acidic substances, degradation occurs and these vary 
considerably between materials, depending on the con-
tent of the resin compounds. Therefore, the selection of 
restorative materials is extremely important in patients 
who regularly consume acidic pH drinks, since acidic 
conditions can cause degradation of composite resins, 
due to matrix decomposition, surface erosion and dis-
solution (18,19). Such is the case of the consumption of 
Paracetamol and Ferrous Sulphate syrups, which in this 
study presented pH levels of 4.5 and 3.6 respectively.
Developing the evaluation of microhardness and surface 
roughness is essential for comparing the performance of 
dental restoration materials, this will allow the profes-
sional to properly determine their selection at the time 
of dental treatment. In this sense, it is concluded that 
the more days of exposure to ferrous sulphate syrup, the 
decrease in the microhardness of the composite resin 
occurs; something similar occurs with the microhard-
ness of Ketac Molar ionomeric cement when exposed 
to Paracetamol syrup. Regarding the surface roughness 
of the restorative material, the composite resin and Ke-
tac Molar ionomeric cement exposed to ferrous sulphate 
showed a considerable increase in surface roughness.
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