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Abstract

Introduction: Sealants prevent the development of dental caries by forming a protective barrier that reduces bacterial growth and food
retention. The morphology of the pits and fissures and the material of the sealant can affect the depth to which it penetrates into the
fissures and the longevity and durability of the sealant.

Aim: To compare the depth of penetration into fissures and pits of different types of sealants in primary molars using micro-CT assess-
ment.

Material and methods: Forty intact primary molars were extracted just prior to their physiologic exfoliation. They were sealed with
glass ionomer cement (GIC) and resin sealant. The samples were scanned with a desktop X-ray microtomograph. The fissure profile,
sealant penetration depth, and depth of the unfilled part of the fissure were measured. Descriptive and inferential statistics were used
to analyze the data.

Results: The median penetration depth of GIC was 89% (IQR 81.31%-100.00%) in U-type fissures and 66% (IQR 55.64%-76.77%) in
V-type fissures. The deepest median penetration with resin sealant was found in U-type fissures 89% (IQR 73.16%-100.00%) and the
shallowest median depth was found in IK-type fissures 34% (IQR 25.39%-41.73%). Penetration depths ranged from 34% to 43% in the I
and IK fissure types. No statistically significant difference was found in the penetration of the two types of sealants in the different types
of fissures (p>0.05), except for those classified as other types. There, a significantly greater depth of penetration was found in the group
of teeth sealed with GIC - median 56%, compared to the resin sealant, which reached only 40% of the fissure depth (p=0.003).

Conclusion: The morphology of the fissure plays a more important role in determining the depth to which the sealant will penetrate
the fissure than the type of sealant material used.
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Introduction dicating that 56%-70% of cases occur in primary dentition,

despite the less retentive nature of primary molars’ occlusal

Dental caries is the most common chronic disease among
children aged 5-17. !} In the United States, the prevalence
of untreated carious lesions in children remains high, rang-
ing between 41.4% and 45.7%. 2! Notably, about 44% of
these lesions are found in pits and fissures, with studies in-

morphology.3#!

The primary methods for preventing dental caries in-
clude the application of sealants on pits and fissures, local
fluoride treatments, the use of fluoride-containing tooth-
paste, substituting sugar with xylitol, regular dental check-
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ups, and other preventive measures.!*) However, despite the
effectiveness of these prevention strategies, the high per-
centage of carious lesions affecting the occlusal surface of
teeth remains a significant concern.® Molars, in particular,
are at a higher risk of developing caries due to the complex
morphology of their occlusal surface, which provides an
ideal environment for bacteria and food debris retention
while being inaccessible to mechanical cleaning.”)

Sealants are materials that are applied to the occlusal
surfaces of molars, which are highly susceptible to dental
caries.®! These sealants can be classified as glass-ionomer
cement, resin-based, or hybrid sealants.®! By applying seal-
ants to all fissure branches on the occlusal surfaces, a physi-
cal barrier is created against plaque formation, reducing the
growth of microorganisms by blocking their metabolism.
1 The durability and effectiveness of sealants in prevent-
ing occlusal carious lesions depend on various factors, in-
cluding the type of material used, the morphology and type
of the fissure, the depth of penetration of the material, the
isolation of the operative field, and the cooperation of the
patient.>-11]

The first studies on pit and fissure morphology involved
the use of serial sections of extracted human teeth. Based
on these studies, fissures were classified into five main types
based on their anatomical shape: V-shaped fissures, which
are wide at the top and gradually narrowing towards the
bottom; U-shaped fissures, which have almost the same
width at the top and bottom; I-shaped fissures - an ex-
tremely narrow slit; IK - a narrow slit in contact with a large
space at the bottom. There are also other types that do not
fit into these descriptions.

The key properties of a fissure sealant material include
its ability to effectively seal and penetrate deeply, while
also providing strong retention and resistance to wear.[4]
The morphology of pits and fissures, as well as the extent
of penetration of the sealant, can be accurately visualized
and analyzed through microtomographic (micro-CT) ex-
amination.!'?) This method allows for the generation of
continuous high-resolution images with exceptional detail,
offering invaluable advantages in the evaluation of sealant
performance.!’*! Despite the benefits of microtomographic
examination, there is a notable lack of studies that assess
the penetration depth of sealants in the primary dentition
using this technique.

Aim

This in vitro study aimed to compare the depth of penetra-
tion of two sealants into different fissure types in primary
molars using micro-CT.

Materials and methods

Forty intact primary molars were extracted immediately
before their physiological exfoliation from healthy children

aged between 9 and 11 years after signing an informed con-
sent by the parents. The Ethics Committee of the Medical
University of Sofia KENIMUS approved the study proce-
dures (Approval No 1598/20.05.2022).

After extraction, the crowns were cleaned with hydrogen
peroxide and stored in a 1% thymol solution until the study
began. Prior to silanization, the occlusal surface, fissures,
and pit system were cleaned using a pressurized sodium
bicarbonate suspension (PROPHYflex 3, Kavo, Biberach,
Germany), and rinsed with an air/water syringe to ensure
no debris or contaminants hindered the sealant penetra-
tion. The crowns were then examined under an operating
microscope (Semorr 3000E, Semorr Medical Tech Co., Ji-
angsu, China) for any occlusal carious lesions, restorations,
sealants, or defects. Only intact teeth were included in the
study. The teeth were randomly divided into two subgroups:
1. Group 1 (20 primary molars) - silanization with
glass-ionomer cement (GIC) GC Fuji Triage Capsule white
(GC Corp, Tokyo, Japan) following the manufacturer’s in-
structions. The enamel surface was conditioned with GC
dentin conditioner for 10 seconds, rinsed for 10 seconds,
and dried. The GC capsules were mixed using a GC Sil-
vermix automatic mixer (GC Corp, Tokyo, Japan) as per
the manufacturer’s instructions. A new GIC capsule was
used for each sample. The cement was applied to the occlu-
sal surface fissures using the capsule’s special cannula and
spread with a brush. After allowing 10 seconds for penetra-
tion, it was light-cured for 20 seconds (Freelight 2 Elipar
TM, 3MESPE, Ireland). The quality of the procedure was
evaluated by a visual-tactile method and in the presence
of areas with insufficient material, addition of cement was
followed.

2. Group 2 (20 primary molars) — The teeth were sealed
with resin sealant Grandio Seal (VOCO, Cuxhaven, Ger-
many). The occlusal surface was etched for 20 s with 37%
orthophosphoric acid 3M Scotchbond Universal Etchant
(3M, Maplewood, Minnesota, USA), then carefully washed
and dried with a water-air syringe. The acid treatment
quality was assessed, and the occlusal surface should ap-
pear chalky white. If necessary, etching was repeated. The
sealant was applied on pits and fissures using the cannula
tip while avoiding incorporation of air bubbles. After wait-
ing for 10 s to allow the material to penetrate deeper, the
sealant was light cured for 20 seconds.

The examined samples were scanned with a desktop X-ray
microtomograph SkyScan 1272 (Bruker, Billerica, Mas-
sachusetts, United States) in high resolution. Scanning
properties were: 100 kV voltage, 100 pA beam current
magnitude, 0.55 mm copper filter, conical radiation shape,
and size of a single voxel 12 um. At these parameters, the
crowns were projected in their entire length into the de-
tector field. The fissure profile, sealant penetration depth,
and depth of the unfilled part of the fissure were measured
using the two-dimensional images obtained. The degree of
penetration was estimated with the formula:

Penetration (%)=fa/(fa+ua)x100,
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where fa is the filled portion of the fissure, ua is the unfilled
depth, and fa+ua is the entire fissure depth. Data were ana-
lyzed according to the type of fissure morphology (Fig. 1).
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Figure 1. Penetration of both types of sealant in primary molars.
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Statistical analysis

The results were reported as median and interquartile
range for numerical variables due to their non-Gaussian
distribution. The distribution was assessed by using the
Shapiro-Wilk test. Each two groups were compared by us-
ing Mann-Whitney U test.

Results

Figs 2, 3 show the penetration depth of the two sealants
used in the study and their statistical analysis by fissure
type.
There was no fissure type in which the resin sealant pen-
etrated to full depth or close to 100%. About 84% of the
fissure was filled if its profile was U-shaped and about 62%
for the V-type fissures. In the remaining fissure morphol-
ogies, filling in the fissure depth was between 34 and 40%,
significantly less than U- and V-type fissures (p<0.001).
Fig. 3 shows the rate of penetration when using GIC as a
sealant. The deepest penetration was found in fissures with
a U-type profile, close to 88%, and the shallowest depth of
penetration was found in the IK-type fissures - below 38%.
Close to 60% of the depth was filled if the fissure profile was
classified as some other type. More than 30% of the entire
fissure depth remained unfilled in the V-type profiles.
presents a comparative analysis of the penetration depth
of the resin sealants Grandio Seal and GC Fuji Triage GIC
capsule depending on the fissure morphology.
No statistically significant difference as found in the pen-
etration of the two types of sealant in the different types of
fissures, except for those classified as other types. In them,
a significantly greater depth of penetration was found in
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Figure 2. Comparison of the degree of penetration by fissure profile: Grandio Seal. Different letters correspond to a statistically signifi-

cant difference in the degree of penetration between the different profiles (p<0.05, Mann-Whitney U test)
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Figure 3. Comparison of penetration rate by fissure profile: GC Fuji Triage. Different letters correspond to a statistically significant
difference in penetration between the different profiles (p<0.05, Mann-Whitney U test).

Table 1. Comparative analysis of penetration depth of Grandio Seal and GC Fuji Triage capsule against fissure morphology

Fissure type V-type U-type I-type IK-type Others
Material (Median/IQR) (Median/IQR) (Median/IQR) (Median/IQR) (Median/IQR)
Group 1 - GC Fuji Triage 66.59% 89.62% 45.74% 39.31% 56.58%
(54.64-76.77) (81.31-100.00) (36.53-50.91) (35.16-41.07) (45.27-74.67)
Group 2 - Grandio Seal 59.75% 89.96% 39.38% 34.46% 40.18%
(53.27-70.32) (73.16-100.00) (33.31-46.24) (25.39-41.73) (30.22-47.55)
p (Mann-Whitney U test) 0.197 0.641 0.203 0.217 0.003

IQR: interquartile range, 25th-75th percentile

the group of teeth sealed with GIC - 58% compared to the
composite sealant, which reaches only 38% of the depth of
the fissure.

Discussion

The aim of this study was to compare the penetration depth
of two different types of sealants used to seal primary mo-
lar fissures. Occlusal surfaces represent 6-12% of the total
tooth surface but are eight times more susceptible to caries
than smooth surfaces.!#!°) Sealants reduce the risk of fis-
sure caries development, with resin-based materials or glass
ionomer cement being the most commonly used.!'%!7) Res-
in-based sealants are composed of urethane dimethacrylate
(UDMA), bisphenol A glycidyl methacrylate (bis-GMA) or
triethylene glycol dimethacrylate (TEGDMA) monomers,
and glass-ionomer sealants are composed of fluoroalumi-

nosilicate glass powder and a water-based solution of poly-
acrylic acid.'8 The main advantage of resin-based sealants
is their good mechanical strength and wear resistance,
while glass ionomers also have the advantage of releasing
fluoride ions.!'®!

The varying degree of penetration of sealants appears to
be directly related to the type of fissure morphology.[10]
According to Montean et al., the penetration rate of resin
sealant in the different types of fissures is as follows: U-type
- 91.69%, V-type — 75.42%, IK-type - 71.24%, I-type —
63.98% 19, but their study included permanent teeth. No
material can penetrate the entire depth of the fissure, espe-
cially in deep and narrow areas.!') The present study also
did not find complete penetration in any of the materials
tested (Figs 1, 2). The best penetration depth of the sealant
was observed in U- and V-type fissures and the lowest in
I- and IK-type fissures, regardless of the type of material
used (Table 1). Complete penetration of the sealant into
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the complex fissure system of the molars, especially in deep
and narrow fissures compared to wide and shallow fissures,
is challenging but simultaneously necessary for better ma-
terial retention.

One of the materials examined in the study was Fuji Tri-

age. It is a fluoride glass ionomer cement with a flowable
consistency that provides adequate wetting and tight adhe-
sion to tooth surfaces.!'”) Glass-ionomer cement can chem-
ically bond to the tooth structure and is widely used due
to its fluoride ion-releasing properties. It is less sensitive to
moisture, making it an excellent alternative to resin-based
sealants in primary dentition.!?”) The results from the pres-
ent study showed no difference in the degree of penetra-
tion between GIC and resin composite sealants. This makes
GIC suitable materials when moisture control cannot be
achieved. The success of the sealant depends not only on
its retention but also on its preventive effect, with several
studies confirming the anti-caries effect of GIC used as a
sealant.[319:21-23]
The penetration of the Grandio Seal resin sealant is most
likely due to the higher molecular weight of the resin and
the high content of inorganic fillers (70%). The viscosity of
the sealant increases with the addition of fillers to its com-
position, which results in improved abrasion resistance
and a lower ability to penetrate the depth of fissures and
pitsi*18], as seen in more retentive fissure types such as
I-type, IK-type, and some other types (Fig. 2, Table 1). The
results of the present study show that GIC and composite
sealants have almost the same penetration depth in differ-
ent fissure profiles. A statistically significant difference was
observed only when comparing fissures with a different
profile, possibly due to the greater variability in this type of
fissure. Penetration depth is an important parameter that
can increase the longevity, retention, and adaptation of the
sealant. Therefore, if the fissure is not completely filled with
sealant, the potential risks are less durability, easier wear,
and weaker sealant retention. Some limitations should be
mentioned. The use of a highly filled composite sealant im-
proves visualization on micro-CT examination but would
affect the penetration rate compared to a less filled resin
sealant. The study of naturally exfoliated primary molars
may also be biased because the teeth with the most at-risk
occlusal anatomy are likely to develop carious lesions soon
after eruption or be filled before their natural exfoliation
occurs.

Conclusion

The highest penetration depth was seen in U- and V-type
fissures, while the lowest was in I- and IK-type. Both GIC
and resin sealant showed similar results. Fissure morpholo-
gy impacts penetration depth more than the type of sealing
material.

Assessment of Sealant Penetration in Primary Molars

Funding

This study was supported by the European Union — Next
Generation EU, through the National Recovery and Re-
silience Plan of the Republic of Bulgaria, project No. BG-
RRP-2.004-0004-CO01.

Competing Interests

The authors have declared that no competing interests exist.

References

1. Ribeiro AA, Paster BJ. Dental caries and their microbiomes in chil-
dren: what do we do now? ] Oral Microbiol 2023; 15(1):2198433. doi:
10.1080/20002297.2023.2198433

2. Bashir NZ. Update on the prevalence of untreated caries in the US
adult population, 2017-2020. ] Am Dent Assoc 2022; 153(4):300-8.
doi: 10.1016/j.adaj.2021.09.004

3. Ramamurthy P, Rath A, Sidhu P, et al. Sealants for preventing den-
tal caries in primary teeth. Cochrane Database Syst Rev 2022;
2(2):Cd012981. doi: 10.1002/14651858.CD012981.pub2

4. Gawali PN, Chaugule VB, Panse AM. Comparison of microleakage
and penetration depth between hydrophilic and hydrophobic sealants
in primary second molar. Int J Clin Pediatr Dent 2016; 9(4):291-5.
doi: 10.5005/jp-journals-10005-1380

5. Drevnitska R, Boykiv A, Avdeev O. Modern scientific trends in the
treatment and prevention of dental caries. East Ukr Med ] 2024;
12:212-20. doi: 10.21272/eum;.2024;12(2):212-220

6. Dixit A, Awasthi N, Jha S, et al. Assessment of penetration depth and
microleakage of different pit and fissure sealants using dye penetration
method: an in vitro study. ] Contemp Dent Pract 2021; 22(8):890-3.

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

8. Wright JT, Tampi MP, Graham L, 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 re-
port of the American Dental Association and the American Academy
of Pediatric Dentistry. ] Am Dent Assoc 2016; 147(8):631-45.e18. doi:
10.1016/j.adaj.2016.06.003

9. Ahovuo-Saloranta A, Forss H, Walsh T, et al. Pit and fissure sealants
for preventing dental decay in permanent teeth. Cochrane Database
Syst Rev 2017; 7(7):Cd001830. doi: 10.1002/14651858.CD001830.
pub5

10. Muntean A, Simu MR, Suhani R, et al. Pit and fissure sealants pen-
etration capacity and their correlation with fissure morphology. Med
Pharm Rep 2019; 92(Suppl No 3):S50-s4. doi: 10.15386/mpr-1517

11. Bishayi D, Srinivasan A, Mahabala KY, et al. A novel application of
a bioactive material as a pit and fissure sealant: in vitro pilot study
evaluating the sealing ability and penetration. Eur Arch Paediatr Dent
2023; 24(2):195-201. doi: 10.1007/s40368-022-00773-z

12. Nagano T. Relation between the form of pit and fissure and the pri-
mary lesion of caries. Dent Abstr 1961; 6:4265.

Folia Medica | 2025 | Vol. 67 | No. 1

Folia Medica



Folia Medica

13.

14.

15.

16.

17.

18.

Hristov et al.

Demirel A, Orhan A, Tulga Oz F, et al. Three dimensional evaluation
of marginal microleakage at the adhesive interface between differ-
ent fissure sealants and enamel: micro-CT analysis. Balk ] Dent Med
2022; 26:7-14. doi: 10.2478/BJDM-2021-0032

Koruyucu M, Bektas D, Aydinoglu C, et al. Clinical success rate of
fissure sealants: one-year follow-up. Eur Oral Res 2020; 54(3):109-13.
doi: 10.26650/e0r.20200572

Hristov K, Gigova R, Gateva N, et al. Evaluation of the pit and fissure
system in primary and permanent molars with micro-computed to-
mography and 3D printing. J Clin Pediatr Dent 2024; 48(4):115-23.
doi: 10.22514/jocpd.2024.085

Cvikl B, Moritz A, Bekes K. Pit and fissure sealants - a comprehensive
review. Dent J (Basel) 2018; 6(2). doi: 10.3390/dj6020018

Feigal R]. The use of pit and fissure sealants. Pediatr Dent 2002;
24(5):415-22.

Ng TC, Chu CH, Yu OY. A concise review of dental sealants in car-
ies management. Front Oral Health 2023; 4:1180405. doi: 10.3389/
froh.2023.1180405

19.

21.

22.

23.

Uzel 1, Gurlek C, Kuter B, et al. Caries-preventive effect and reten-
tion of glass-ionomer and resin-based sealants: a randomized clini-
cal comparative evaluation. Biomed Res Int 2022; 2022:7205692. doi:
10.1155/2022/7205692

. Pardi V, Sinhoreti MA, Pereira AC, et al. In vitro evaluation of mi-

croleakage of different materials used as pit-and-fissure sealants. Braz
Dent J 2006; 17(1):49-52. doi: 10.1590/s0103-64402006000100011
Sidhu SK, Nicholson JW. A review of glass-ionomer cements for clini-
cal dentistry. ] Funct Biomater 2016; 7(3). doi: 10.3390/jfb7030016
Kapoor V, Kumar A, Manjunath BC, et al. Comparative evaluation of
retention and cariostatic effect of glass ionomer, hydrophobic and hy-
drophilic resin-based sealants: a systematic review and meta-analysis.
Evid Based Dent 2023; 24(1):41-2. doi: 10.1038/s41432-023-00850-2
Lam PP, Sardana D, Lo EC, et al. Fissure sealant in a nutshell. Evi-
dence-based meta-evaluation of sealants” effectiveness in caries pre-
vention and arrest. ] Evid Based Dent Pract 2021; 21(3):101587. doi:
10.1016/j.jebdp.2021.101587

Folia Medica | 2025 | Vol. 67 | No. 1



	Micro-CT assessment of sealant penetration in different types of fissures in primary molars
	Abstract
	Introduction
	Aim
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Funding
	Competing Interests
	References

