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ABSTRACT

Pits and fissures sealants should have a high degree of viscosity and wettability, which would allow
deep penetration of the material into the highly retentive occlusal surface of premolars and molars of
children. Usually, the viscosity of liquids decreases with increasing temperature. Therefore, this study
aims to assess the influence of temperature on resin sealant viscosity. Material and methods: The
viscosity of the resin sealant Grandio seal (VOCO) was determined with a rotary viscometer. The
material was heated using a composite heating furnace. The viscosity of Grandio Seal resin sealant was
measured at three temperature values: at room temperature of 21.5°C (1st group), heating to 41.0°C
(2nd group), and heating to 51.0°C (3rd group). Results: With an increase in the number of revolutions
per minute, respectively the speed of the viscometer, a decrease in the material's viscosity was
reported. An increase in temperature led to a decrease in the material's viscosity. The lowest viscosity
was measured at 512C. Conclusion: By heating the resin sealant the material's viscosity was
significantly reduced, potentially leading to better sealant penetration in the pits and fissures system
and retention.
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INTRODUCTION

The occlusal surfaces of permanent children's teeth immediately after eruption are the riskiest
localization for the development of carious lesions (1). One of the main reasons for this is their complex
occlusal morphology (1. The typical occlusal surface is highly retentive (2). The enamel in the deepest
areas is thin to absent with small rods and tiny crystals that form highly retentive areas with various
shapes (). These are the areas with the lowest mineralization immediately after the eruption of the
teeth and require early placement of sealants (4,

Pits and fissure sealants are considered an effective measure for preventing and controlling occlusal

caries, as they act as a mechanical barrier and prevent the accumulation of dental biofilm (. ¢). Other
1
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advantages are that they are easy to work with, cheap, and prevent the need for more expensive and
invasive restorative treatment (7). Adequate use of pit and fissure sealants prevents 71% of occlusal
caries. At the same time, its incorrect application can lead to microleakage, damage over time, partial
loss of the sealant, and the initiation of a carious lesion underneath it (8 9),

An ideal sealant material should have biocompatibility, durability, and should be affordable and easy to
use (19), Regarding the physico-chemical characteristics of the sealant, it should have a high degree of
viscosity and wettability, which would allow deep penetration of the material into the highly retentive
and complex pits and fissures on the occlusal surface of premolars and molars (11), The deeper the
sealant penetrates, the better its mechanical retention and effectiveness because the contact area of the
material and tooth surface will be greater (10), Resin-based materials have traditionally been used as
sealants for occlusal surfaces (11). These materials generally maintain a low viscosity, thus facilitating
deeper penetration into all areas of the occlusal surface (12.13), Several factors can affect the viscosity of
fluid materials, such as temperature, pressure, filler size, and others (14, Generally, the viscosity of
liquids decreases with increasing temperature (14). Therefore, the aim of this study was to assess the
effect of preheating on the resin sealant viscosity.

MATERIAL AND METHODS

Determination of the viscosity of the resin sealant was performed with a Myr Rotary Viscometer series
VR3000 - Figure 1 (Viscotech Hispania, SL, El Vendrell, Spain). The device works on a rotary principle.
It has an adapter (vessel) for 8-13 ml small volumes. Special spindles with a diameter of F8 were made,
and the obtained dependencies were a function of the number of revolutions per minute (Revolutions
Per Minute - rpm), not of the actual rate of shear deformation of the adjacent frictional fluid layers. The
study was conducted with revolutions between 12 and 200 (12 20,30, 50, 60,100,200) and a duration of up to
180 seconds. The relationship between the number of revolutions and the change in viscosity was
monitored. The results report the rotation speed at which the viscosity reached dynamic equilibrium in
the time interval of 180 seconds. For each operating mode, ten control measurements were carried out.

Figure 1. (Viscometer Myr VR 3000; additionally, manufactured spindles; determination of viscosity
under standard conditions in a foil-insulated vessel.)
The material was heated using a composite heater (AzDent Dental Composite Resin Heater, Henan
Baistra Industries Corp., ZHENGZHOU, China), which has three operating modes - 41.0°C, 51.0°C, and
71.0°C. The device has several compartments where up to 8 syringes can be heated simultaneously. A
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light indicator reflects the temperature reached. After switching it on, the required time to reach the
desired temperature was 15 min, and the required time to heat the material was 30 min. Before the
beginning of the experiment, the heater was fixed suitably so that its displacement could not occur in
the spindles' rotation process. To ensure a constant temperature of the heated material, its viscosity
measurements were performed in a syringe lined with an insulating film and placed in one of the heater
compartments after reaching the required temperature (Figure 2).

Figure 2. (Device for heating composite materials. Fixation of the syringe in the heating device.)

The viscosity of Grandio Seal (VOCO, Cuxhaven, Germany) resin sealant was measured at three
temperature values:

- First group - measurement of material viscosity at room temperature of 21.5°C with air
conditioner;

- Second group - measurement of the viscosity of the material after heating to 41.0°C with
composite heater;

- Third group - measurement of the viscosity of the material after heating to 51.0°C with
composite heater.

Statistical methods: Spearman's correlation coefficient was introduced for data processing. The
coefficient was determined for two consecutive measurements under the same conditions.

RESULTS

Diagram 1 shows the relationship between the number of revolutions of the viscometer and the change
in viscosity of the Grandio Seal composite sealant.
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Diagram 1. (Diagram demonstrating the relationship between the revolutions of the viscosimeter and
the change in the viscosity of the material.)

The results show a statistically significant relationship with a correlation coefficient of 0.983. With an
increase in the number of revolutions per minute, respectively the speed of the viscometer, a decrease
in the viscosity of the material was observed. An inverse relationship between the variable indicators
was established, and the data were statistically significant (p<0.05, Diagram 1). The observed
differences in viscosity, resulting from the change in velocity, are explained by the different degrees of
difficulty in restructuring between adjacent sliding layers.

The study of the resin sealant's viscosity was carried out at three temperature environments: 21.5, 41.0,
and 51.0 °C. The measurements were performed in the entire possible deformation range of the
viscometer. Diagram 2 shows the dependence of viscosity on the change in temperature and the speed
of rotation of the viscometer's spindle.
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Diagram 2. (Dependence of viscosity on the viscometer's rotation speed at different temperatures.)
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The viscosity change interval monotonically decreased with increasing of the temperature, as there is
an inverse relationship between the two quantities. The decrease in viscosity was significant - 8.1 Pa.s
at 21.5 eC versus 3.0 Pa.s at 51.0 2C, and the differences between individual groups were statistically
significant (p<0.05, Diagram 2).

Discussion:

Several studies have shown a strong relationship between sealant application and caries reduction (7
15). The effectiveness of a sealant and its preservation over a long period is directly dependent on its
viscosity since the retention of resin sealants occurs through the micromechanical bonding of the resin
and the enamel (19). The present study analyzed the viscosity of Grandio Seal highly filled nano-hybrid
pit and fissure sealant and evaluated the effect of temperature changes on it. Several studies have
evaluated different sealant mechanical properties (16 17), However, we are unaware of any in vitro
evaluation of the effect of sealant heating on its viscosity.

Grandio Seal resin sealant is a nano-hybrid material with high density and wear resistance due to its
high hardness (18). These qualities increase the adhesion and retention of the material (15). Several
studies have shown that the material exhibits better mechanical properties, such as hardness and wear
resistance, compared to similar products (16.17). Nano-filled and nano-hybrid resin sealants can be used
as an alternative to other pit and fissure filling materials (7). Our research showed that its viscosity
decreased significantly when this material was heated to 412C or 512C before usage, and this would
contribute to better penetration into pit and fissure system, thus, its longer retention on the molars
occlusal surfaces. The better the flowability of a sealant, the less likely it is to form voids during its
application (19), The better the material can infiltrate and fill the microroughness in the enamel after
etching, the stronger the micromechanical adhesion.

Dental filling materials are often preheated by placing the resin syringe in a particular device (20). A few
heating devices are available on the market, such as ENA Heat, Calset, AzDent, and others (21). These
devices are often used to increase the adaptation of the resin material to the tooth surface (?2). In
addition, preheating reduces the viscosity, increases the degree of conversion and microhardness of
composite resins, and improves the marginal adaptation of the material (23). Preheating composite
resins can assist clinicians in creating longer-lasting resin restorations. This is very important,
especially in childhood (29).

Conclusion: Preheating of the resin sealant with composite heater reduced significantly the material's
viscosity, improving sealant penetration into the pit and fissure system.

References

1. Carvalho JC. Caries process on occlusal surfaces: evolving evidence and understanding. Caries
Res. 2014;48(4):339-46. doi: 10.1159/000356307.

2. Wright JT, Tampi MP, Graham L, Estrich C, Crall J], Fontana M et al. Sealants for preventing and
arresting pit-and-fissure occlusal caries in primary and permanent molars: A systematic review
of randomized controlled trials-a report of the American Dental Association and the American
Academy of Pediatric Dentistry. ] Am Dent Assoc. 2016 Aug;147(8):631-645.e18. doi:
10.1016/j.adaj.2016.06.003.

. ___________________________________________________________________________________________________|
IJMSDH 19



[JMSDH

, (2024) PageNo.15-21

www.ijmsdh.org

3.

10.

11.

12.

13.

14.

15.

16.

Beniash E, Stifler CA, Sun CY, Jung GS, Qin Z, Buehler M]J, Gilbert PUPA. The hidden structure of
human enamel. Nat Commun. 2019 Sep 26;10(1):4383. doi: 10.1038/s41467-019-12185-7.
Jaafar N, Ragab H, Abedrahman A, Osman E. Performance of fissure sealants on fully erupted
permanent molars with incipient carious lesions: A glass-ionomer-based versus a resin-based
sealant. | Dent Res Dent Clin Dent Prospects. 2020 Winter;14(1):61-67. doi:
10.34172/joddd.2020.009.

Faria M, Guedes A, Rompante P, Carvalho O, Silva F, Henriques B et al. Wear pathways of tooth
occlusal fissure sealants: an integrative review. Biotribology. 2021. doi:
10.1016/j.biotri.2021.100190.

Lam PPY, Sardana D, Ekambaram M, Lee GHM, Yiu CKY. Effectiveness of Pit and Fissure Sealants
for Preventing and Arresting Occlusal Caries in Primary Molars: A Systematic Review and Meta-
Analysis. ] Evid Based Dent Pract. 2020 Jun;20(2):101404. doi: 10.1016/j.jebdp.2020.101404.
Ng TC, Chu CH, Yu OY. A concise review of dental sealants in caries management. Front Oral
Health. 2023 Apr 17;4:1180405. doi: 10.3389/froh.2023.1180405.

Hamza B, Sekularac M, Attin T, Wegehaupt F]. In vitro evaluation of fissure sealants' wear under
erosive, abrasive and erosive/abrasive conditions. Eur Arch Paediatr Dent. 2023 Feb;24(1):55-
61. doi: 10.1007/s40368-022-00757-z.

Muntean A, Sarosi C, Sava S, Moldovan M, Condurache Al, Delean AG. Dental Sealant
Composition-Retention Assessment in Young Permanent Molars. Materials (Basel). 2021 Mar
27;14(7):1646. doi: 10.3390/mal14071646.

Prabakar ], John ], Arumugham IM, Kumar RP, Sakthi DS. Comparative Evaluation of the Viscosity
and Length of Resin Tags of Conventional and Hydrophilic Pit and Fissure Sealants on Permanent
Molars: An In vitro Study. Contemp Clin Dent. 2018 Jul-Sep;9(3):388-394. doi:
10.4103/ccd.ccd_131_18.

Beslot-Neveu A, Courson F, Ruse ND. Physico-chemical approach to pit and fissure sealant
infiltration and spreading mechanisms Pediatr Dent. 2012;34:57-61

Juntavee A, Juntavee N, Chaisuntitrakoon A, Millstein PL, Abedian B. Microleakage and
penetration capability of various pit and fissure sealants upon different sealant application
techniques. ] Clin Exp Dent. 2023 Oct 1;15(10):e810-e820. doi: 10.4317 /jced.60577.

Yamada Y, Hossain M, Shimizu Y, Kimura Y, Masuda Y, Nakamura Y, et al. Analysis of surface
roughness and microleakage of fissure sealants following organic debris removal with Carisolv.
] Dent. 2008;36:130-7.

Mehrabkhani M, Mazhari F, Sadeghi S, Ebrahimi M. Effects of sealant, viscosity, and bonding
agents on microleakage of fissure sealants: An in vitro study. Eur ] Dent. 2015 Oct-Dec;9(4):558-
563. doi: 10.4103/1305-7456.172631.

Ramamurthy P, Rath A, Sidhu P, Fernandes B, Nettem S, Fee PA, Zaror C, Walsh T. Sealants for
preventing dental caries in primary teeth. Cochrane Database Syst Rev. 2022 Feb
11;2(2):CD012981. doi: 10.1002/14651858.CD012981.pub2. PMID: 35146744; PMCID:
PM(C8832104.

Mirnseer M, Rosentritt M, Behr G. Handel G. Three-body wear of fissure sealants. Abstract
Archives. March 22, 2000. Accessed September 2024.

IJMSDH

20



IJMSDH, (2024) PageNo0.15-21
www.ijmsdh.org

https://iadr.abstractarchives.com/abstract/20070rleans-88913 /three-body-wear-of-fissure-
sealants

17.Kusgoz A, Tuziner T, Ulker M, Kemer B, Saray O. Conversion degree, microhardness,
microleakage and fluoride release of different fissure sealants. ] Mech Behav Biomed Mater. 2010
Nov;3(8):594-9. doi: 10.1016/j.jmbbm.2010.07.008. Epub 2010 Jul 27. PMID: 20826365.

18. Highly filled nano-hybrid pit and fissure sealant. VOCO. Accessed November 2020.
https://www.voco.dental/us/products/preventive-care/fissure-sealing/grandio-seal.aspx

19. Wright JT, Crall J], Fontana M, Gillette E], Novy BB, Dhar V, Donly K, Hewlett ER, Quinonez RB,
Chaffin ], Crespin M, lafolla T, Siegal MD, Tampi MP, Graham L, Estrich C, Carrasco-Labra A.
Evidence-based clinical practice guideline for the use of pit-and-fissure sealants: A report of the
American Dental Association and the American Academy of Pediatric Dentistry. ] Am Dent Assoc.
2016 Aug;147(8):672-682.e12. doi: 10.1016/j.adaj.2016.06.001. PMID: 27470525.

20. Arora V, Arora P, Shammrani AA, Fahmi MK. Devices & Methods for pre-heating/pre-warming
Dental Resin Composites: A Critical Appraisal. Int ] Oral Health Med Res 2017;4(2):52-55.

21.Lopes LCP, Terada RSS, Tsuzuki FM et al. Heating and preheating of dental restorative
materials—a  systematic review. Clin Oral Invest 24, 4225-4235 (2020).
https://doi.org/10.1007 /s00784-020-03637-2

22.Lucey S, Lynch C D, Ray N ], Burke F M, Hannigan A. Effect of pre-heating on the viscosity and
microhardness of a resin composite. ] Oral Rehabil 2010; 37: 278-282.

23. Patussi AFC, Ramacciato JC, da Silva JGR, et al. Preheating of dental composite resins: a scoping
review. ] Esthet Restor Dent. 2023; 35:646-656. doi:10.1111/jerd.12991.

IJMSDH 21



