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Abstract

Objective: To measure surface changes of pacifier nipples after immersion in acidic artificial saliva. Methods: Two
types of pacifier nipples (latex and silicone) were selected. Five copies of each type were used. The protocol consisted
of immersion in acidic artificial saliva (pH = 5.97) for 16 days. The nipples of the pacifier remained in direct contact
with saliva in an individualized, opagque and closed container in a bacteriological incubator at 37°C. The samples were
examined before and after exposure to saliva through qualitative (based on images obtained in a 100 mm macro lens
and three-dimensional images with 10% amplification obtained in the profilometry) and quantitative (roughness data
obtained in non-contact 3D optical profilometry). Data were obtained in duplicate and analyzed using descriptive and
inferential statistics. The findings were tested for normality (Shapiro-Wilk). Paired t-test or Wilcoxon was used to
compare before and after roughness data. Results: In the image analysis, it was observed that only the surface of the
latex pacifier's nipples showed an irregular appearance after exposure to saliva. In the quantitative evaluation, no
differences were found between the roughness values before and after (p>0.05). Conclusion: This pilot study
demonstrated qualitative changes in the surface of latex pacifiers. However, it was not able to demonstrate statistically
significant differences for the roughness parameters before and after exposure to acidic artificial saliva in the nipples
of latex and silicone pacifiers.

Keywords: Pacifiers; Surface properties; Latex; Silicones.

Resumo

Objetivo: Medir alteragdes superficiais de bicos de chupeta apos imerséo em saliva artificial &cida. Metodologia: Dois
tipos de bicos de chupeta (latex e silicone) foram selecionados. Cinco exemplares de cada tipo foram utilizados. O
protocolo consistiu em imersdo em saliva artificial &cida (pH = 5,97) por 16 dias. A saliva foi trocada a cada 4 dias.
Os bicos da chupeta permaneceram em contato direto com a saliva em recipiente individualizado, opaco e fechado na
estufa a 37°C. As amostras foram examinadas antes e apds a exposicdo a saliva por meio da anélise qualitativa
(baseada em imagens obtidas em lente macro 100 mm e imagens tridimensionais com amplificagdo de 10% obtidas no
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perfildmetro) e quantitativa (dados de rugosidade obtidos na perfilometria dptica 3D de ndo contato). Os dados foram
obtidos em duplicata e analisados por meio da estatistica descritiva e inferencial. Os achados foram testados quanto a
normalidade (Shapiro-Wilk). Teste t pareado ou Wilcoxon foi usado para comparar os dados de rugosidade antes e
depois. Resultados: Na analise de imagens, observou-se que apenas a superficie dos bicos da chupeta de latex
mostrou-se com aspecto irregular apés a exposi¢do a saliva. Na avaliacdo quantitativa, ndo se constatou diferencas
entre os valores de rugosidade antes e apés (p>0,05). Conclusdo: Este estudo piloto demonstrou alteragdes qualitativas
na superficie dos bicos da chupeta de latex. Entretanto, ndo conseguiu demonstrar diferengas estatisticamente
significativas para os parametros de rugosidade antes e ap0s a exposicdo a saliva artificial acida nos bicos das
chupetas de latex e silicone.

Palavras-chave: Chupetas; Propriedades de superficie; Latex; Silicones.

Resumen

Objetivo: Medir los cambios superficiales de los pezones del chupete después de la inmersion en saliva artificial
acida. Métodos: Se seleccionaron dos tipos de chupetes (latex y silicona). Se utilizaron cinco copias de cada tipo. El
protocolo consistié en inmersion en saliva artificial acida (pH = 5,97) durante 16 dias. Los pezones del chupete
permanecieron en contacto directo con la saliva en un recipiente individualizado, opaco y cerrado en una incubadora
bacterioldgica a 37°C. En cada recipiente se dispensaron 40 ml de saliva. Las muestras fueron examinadas antes y
después de la exposicion a la saliva a través de imégenes cualitativas (basadas en imagenes obtenidas en un lente
macro de 100 mm e imagenes tridimensionales con 10% de amplificacion obtenidas en la perfilometria) y
cuantitativas (datos de rugosidad obtenidos en perfilometria éptica 3D sin contacto). Los datos se obtuvieron por
duplicado y se analizaron mediante estadistica descriptiva e inferencial. Se prob6 la normalidad de los hallazgos
(Shapiro-Wilk). Se utiliz6 la prueba t pareada o Wilcoxon para comparar los datos de rugosidad antes y después.
Resultados: En el anélisis de la imagen, se observo que solo la superficie de los pezones del chupete de latex mostrd
un aspecto irregular después de la exposicion a la saliva. En la evaluacién cuantitativa, no se encontraron diferencias
entre los valores de rugosidad antes y después (p> 0.05). Conclusion: Este estudio piloto demostré cambios
cualitativos en la superficie de los chupetes de latex. Sin embargo, no pudo demostrar diferencias estadisticamente
significativas para los parametros de rugosidad antes y después de la exposicion a la saliva artificial &cida en los
pezones de los chupetes de latex y silicona.

Palabras clave: Chupetes; Propiedades de superficie; Latex; Siliconas.

1. Introduction

The pacifier/dummy/soother use is related to several themes reported in literature. Main related themes with pacifier
were breastfeeding; pain; sudden death and dental occlusion (Castilho & Rocha, 2009). Much attention has been paid to the
harmful effects of pacifier use on dental arches and malocclusion (Zhou et al., 2016). The focus on the interface between
pacifier use and microbial colonization has attracted the attention of some scholars (Nelson-Filho et al., 2015). Some
concerning findings have been reported in the literature. Some studies have investigated the effect of the pacifier use and the
occurrence of several conditions.

One of them assessed the bacterial colonization of 40 rubber pacifiers of infants with acute otitis media (Brook &
Gober, 1997). Other tested whether the use of the pacifier could be a risk factor for recurrent acute otitis media in children
(Rovers et al. 2008) or for sharing an identical isolate from Haemophilus influenza among children at day-care centers
(Barbosa-Cesnik et al., 2006).

Intestinal parasites may also be found in the surface of pacifiers. Eighty-six samples were assessed from children until
the age of seven in a city in southeastern of Brazil and 11.63% presented eggs from of Ascaris lumbricoides, Enterobius
vermicularis, Trichuris trichiura, Taenia sp and Ancylostomatidae larvae (Pedroso & Siqueira, 1997). Additionally, the main
perceptions of those responsible for the children indicate that the majority of them do not know or do not believe in the
transmission of diseases through pacifiers (Pedroso & Siqueira, 1997).

Literature points out that the prevalence of the pacifier use ranges from 25 to 50% (Rovers et al., 2008). Younger
children frequently use more pacifiers than older children (Pedroso & Siqueira, 1997; Rovers et al., 2008). Other study
indicates a prevalence of 48% (Castilho, Casagrande, Rached, & Nucci, 2012) while another work showed that the prevalence
of pacifier use exclusively is 11.9% (Bezerra et al., 2019). Swedish infants used pacifier in a percentage varying from 3.2 to

15.4% (Arrts, Hornell, Kylberg, Hofvander, & Gebre-Medhin, 1999). Moreover, the pacifier use at naptime and bedtime was
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encouraged on a document for recommendations for a safe infant sleeping environment (Moon & AAP TASK FORCE ON
SUDDEN INFANT DEATH SYNDROME, 2016). The decision whether or not to include a pacifier in infant life belongs to
the family. Health professionals should provide parents clear information from negative aspects to expected desirable effects of
pacifiers (Castilho & Rocha, 2009).

Since the nipple portion of the pacifier can act as potentially pathogenic microorganisms reservoir and latex and
silicone are frequent materials employed in this device (Comina et al., 2006; Silveira, Charone, Maia, Soares, & Portela, 2009;
Castilho & Rocha, 2009) and above a delimited threshold rougher surfaces stimulate microbial adhesion/colonization of
silicone and restorative materials (Tang et al., 2008; Yuan et al., 2016), the aim of this work is to conduct a pilot study to

assess the effect of acidic saliva over surface wear from latex and silicone nipple pacifier in vitro.

2. Methodology
2.1 Study design

This laboratorial study included 10 samples of pacifiers. This study included two types of pacifiers according to the
material used in the nipple part of this device. Latex and silicone pacifier nipples were selected. Both with nipple size 2 (this
size is designed for children between 7 months to approximately 18 months) (Comina et al., 2006). Samples were purchased by
the same examiner. Latex pacifier nipples were purchased in the city of Sdo Paulo while silicone ones were obtained in the city
of Jodo Pessoa. The cost of the silicone specimens equivalent to 6.10 times the latex ones. Previous to the beginning of the
experiments, the samples were kept at room temperature and protected from light. A convenience sample of five copies of each

substratum was used.

2.2 Pilot protocol

The pilot protocol consisted of immersion (40ml/sample) in artificial acidic saliva (prepared in a local compound
pharmacy in Jodo Pessoa, Paraiba, Brasil) pH = 5.97 for 16 days in bacteriological incubator at 37° C. The saliva solution was
replaced every 4 days. The nipples of the pacifier remained in direct contact with saliva in an individualized, opaque and
closed container. After the 16 days-period, the samples were immersed in distilled water (100ml/sample) in an individualized
container for 1 hour at room temperature. Then, the substrates were dried at room temperature for 24 hours until the analysis.

The current authors elaborated the protocol presented herein.

2.3 Surface wear evaluation

Two analyses were conducted. Qualitative and quantitative investigations. The qualitative evaluation covers image
assessment obtained through a 100 mm macro lens; 1/100; F18 and ISO 100 and 10% amplification three-dimensional
qualitative image obtained through the profilometer. Both performed by the same assessor. Roughness data was obtained by a
3D non-contact profilometer with the following settings: low reflectance rough; 50 x lens; ‘xyz’ mode and optimized
resolution. The following 2D roughness parameters were used Ra; Rq; Rv, Rc and Rp (1SO 4287). Eight linear traces (336 pum)
were conducted in two areas of the sample (three vertical lines equidistant itself; three horizontal lines equidistant itself and
two diagonals were performed in each area). Ra is an arithmetic average height parameter and is used in many studies. Rq is
the standard deviation of the distribution of surface heights. Rv is the maximum depth of the profile below the mean line. Rc is
the mean height of the roughness profile elements and Rp is the maximum height of the profile above the mean line

(Gadelmawla, Koura, Maksoud, Elewa, & Soliman, 2002). All data was obtained in duplicate.
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2.4 Statistical analysis

All measures were inserted into an electronic spreadsheet and mean values were obtained. The normality of data of
each specific parameter was checked by Shapiro-Wilk test. Qualitative data was analyzed descriptively. To compare the
roughness values at baseline from latex and silicone groups, t test or Mann-Whitney test was used. To analyze the roughness
data before and after the immersion in saliva solution, t-paired test or Wilcoxon test was used. All statistical analysis was

conducted by the same researcher. A p-value of <0.05 was considered to be statistically significant.

3. Results

According to the images assessment, the latex samples exposed to acidic saliva presented a clear uneven appearance
in contrast to silicone slabs that showed an unchanged surface after contact with current saliva solution (Figure 1A-D and
Figure 2A-D). Quantitative profilometric evaluation demonstrated that roughness values from all assessed parameters (Ra; Rq;
Rv; Rc; Rp) were significantly greater in latex samples compared to silicone ones in baseline (Table 1). The paired analysis

showed that exposure of the latex and silicone specimens to the acidic saliva did not result in surface wear (Table 2).

Figure 1A-D: Images analysis obtained by 100 mm macro lens. A) Baseline latex pacifier qualitative aspect. B) Latex pacifier
aspect after the pilot experiment. C) Baseline silicone pacifier qualitative characteristics. D) Silicone pacifier aspect after the
pilot experiment.

Source: Authors.
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Figure 2A-D: Images analysis obtained by 3D non-contact profilometer. A) Baseline latex pacifier qualitative profile. B)
Latex pacifier profile after the pilot experiment. C) Baseline silicone pacifier qualitative profile. D) Silicone pacifier profile
after the pilot experiment.
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Table 1: Baseline roughness values (um) of the current sample.
Roughness Baseline (Median; Mean+SD)
p-value
parameter Latex Silicone
Ra 0.09; 0.12+0.05% 0.02; 0.03+0.018 p<0.05¥
Rq 0.14; 0.18+0.08* 0.03; 0.04+0.028 p<0.05*
Rv 0.33; 0.39+0.29 0.08; 0.09+0.03" p<0.05®
Rc 0.55; 0.72+0.57A 0.12;0.17+0.118 p<0.05®
Rp 0.53; 0.63+0.33* 0.10; 0.15+0.13" p<0.05®

¥t test; ®Mann-Whitney. Distinct superscript capital letters in line indicate statistical difference for each roughness parameter.
Source: Authors.
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Table 2: Roughness values (um) of the current pacifiers’ nipples before and after the exposition to acidic saliva.

) Roughness Baseline After
Material p-value
parameter (Median; MeanzSD) (Median; MeanxSD)

Latex Ra 0.09; 0.12+0.05 0.12; 0.13+0.03* p>0.05*
Rq 0.14; 0.18+0.08* 0.15; 0.16+0.05% p>0.05*

Rv 0.33; 0.39+0.294 0.43; 0.44+0,09* p>0.05%

Rc 0.55; 0.72+0.57A 0.52; 0.49+0.124 p>0.058

Rp 0.53; 0.63+0.33* 0.55; 0.53+0.134 p>0.05*

Silicone Ra 0.02; 0.03+0.014 0.02; 0.02+0.00* p>0.05¥
Rq 0.03; 0.04+0.024 0.03; 0.03+0.00% p>0.05*

Rv 0.08; 0.09+0.03* 0.09; 0.08+0.02% p>0.05%

Rc 0.12; 0.17+0.11A 0.07; 0.07+0.014 p>0.05*

Rp 0.10; 0.15+0.13* 0.07; 0.08+0.024 p>0.05%

¥t-paired test; 8Wilcoxon text. Distinct superscript capital letters in line indicate statistical difference. Source: Authors.

4. Discussion

This study was designed as a pilot study to assess the effect of acidic saliva over surface wear of latex and silicone
pacifier nipples in vitro. Moreover, this is the first study in which two types of pacifier nipples were assessed qualitatively and
quantitatively in relation to surface wear. The current work demonstrated qualitative changes in the surface of latex pacifier
nipples after immersion in acidic saliva solution. However, no alterations were observed between baseline and 16 days-period
roughness data after the contact with acidic saliva on both substrates.

Previous laboratorial study analyzed the biofilm of Candida species formed over the surface of latex and silicone
nipple pacifier. The samples were evaluated by scanning electron microscopy. As expected, latex surface showed to be rougher
than silicone ones (Silveira et al., 2009). The same finding was found in the present work. The main difference is that that
study (Silveira et al., 2009) qualitatively assessed the nipples by scanning electron microscopy. In contrast, the current study
adopted a qualitative and a quantitative evaluation by 3D non-contact profilometer.

One clinical study assessed the pacifier use after 16 weeks by healthy children (aged 1 — 24 months) and observed by
scanning electron microscopy that silicone pacifiers surface remained unchanged after the evaluated time period while the
latex ones presented a rougher surface profile (Sio, Minwalla, George, & Booth, 1987). Scanning electron micrographs also
showed this distinction regarding the surface of the latex and silicone nipple pacifier. Again, latex samples seem to be more
texturized at baseline (Comina et al., 2006). These results are similar to the findings reported herein.

Temperature may play an important role in the latex degradation (Isa, Yahya, Hassan, & Tahir, 2007). The influence
of temperature and reaction time in the degradation of natural rubber latex was analyzed in two distinct temperatures (60 and
70°C). It was observed that subproducts containing epoxyl and hydroxyl groups were found and the rate of degradation
depends on temperature and reaction time (Isa et al., 2007). The chemical agent also seems to be an important agent (Isa et al.,
2007). The degradation at 30°C using periodic acid has been already reported (Phinyocheep, Phetphaisit, Derouet, Campistron,
& Brosse, 2005). The latex samples seemed to be more affected to temperature of 37°C as well as the acidic saliva solution
than the silicone ones during the 16 days of experiment. This may explain the qualitative results. However, this effect was not
expressive enough to be detected at roughness evaluation.

Another analysis should be done within the limitations of the current study. A cost analysis should be taken into
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consideration. The pacifiers with the nipple part made of latex rubber were cheaper compared to silicone ones. One may
suppose that the findings reported here may expose the population that bought this low cost device to the undesirable effects of
pacifier wear. Previous clinical study had already demonstrated that latex pacifier nipples were more contaminated than
silicone ones. Moreover, Candida genus was found only on the surface of the latex pacifier nipples (Comina et al., 2006).

This is the first study in which pacifier nipples samples were assessed regarding surface wear promoted by artificial
acidic saliva in vitro. This pilot study was set up in order to mimic a possible oral condition regarding the use of pacifier
(acidic saliva observed in children with active caries lesions (Pyati, Kumar, Kumar, Kumar, & Reddy, 2018) or pH fluctuations
observed in the mouth environment exposed to demineralization and remineralization cycles). A shortfall observed herein is
the inability to simulate a physical interaction (Schlueter et al., 2020) which is expected along with the pacifier use. Another
limitation is that infants do not use pacifier 24 hours per day uninterruptedly. In other words, it means to say that the saliva
would not be in contact with the pacifiers uninterruptedly as presented here.

The pilot protocol described herein did not provoke roughness alteration on the surface of the pacifier nipples after the
exposure to acidic saliva. The authors believe that more samples per group and a more acidic solution and a longer period of
exposure would be recommended to observe any quantitative difference between the roughness parameters. Thus, future
studies would be necessary to detect quantitatively the effect of the acidic saliva on surface wear of the present samples.

As far as we are concerned, there are not available studies assessing the surface roughness of pacifiers nipples in vitro.
The surface characteristics, especially roughness profile, are related to more colonization of microorganisms (Tang et al., 2008;
Yuan et al., 2016). This phenomenon can be explained by the increased surface area in the interface between surface material
and microorganisms (Sterzenbach, Helbig, Hannig, & Hannig, 2020). Moreover, surface topography may explain biofilm
development since advantageous retentive places are found to be protective against dislodgment of the microbial cell
arrangement (Park, Song, Jung, Ahn, & Ferracane, 2012). Ra and Rq parameters are the main assessments in relation to cell
adhesion in biological field (Anselme et al., 2010). The current experiment adopted the following parameter such as Rv, Rc
and Rp, in addition to Ra and Rq parameters. Despite the aim of the present study was not related to microorganisms’

development, the present work brings light to the roughness values from the current samples.

5. Conclusion

In summary, the results of this pilot study show that latex pacifier nipples were affected qualitatively by acidic saliva
solution in vitro. Latex nipple pacifiers are rougher than silicone ones. Roughness values from all assessed parameters (Ra; Rq;

Rv; Rc; Rp) were not different from baseline and 16 days-period after the experiment.
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