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ABSTRACT

Objectives: This in vitro study compared a one step placed glass ionomer (GI), Ketac Universal
Aplicap (KUA), with a conventionally placed GI, Ketac Molar Aplicap (KMA), with and without
resin coating, regarding water solubility and solubility, fluoride release, and microhardness.

Materials and Methods: A total of 120 samples were prepared, 40 for each test (n=10 per subgroup).
Water sorption and solubility were determined according to ISO 4049 after 7 days of immersion.
Fluoride release was quantified using calibrated fluoride ion selective electrode at 1 and 7 days.
Vickers microhardness was measured under a 50 g load applied for 10 s. Results: coating statistically
significantly reduced solubility in both materials (KMA: p = 0.003; KUA: p = 0.001) moreover, water
sorption did not differ statistically significantly among the groups. Non coated KMA exhibited
statistically significant higher solubility than non coated KUA (165.36 + 3.110,137.23 + 4.291
pg/mm?; p = 0.001) respectively, and coating also statistically significantly reduced fluoride release in
both materials at 1 and 7 days (p = 0.001); release increased statistically significantly from day 1 to 7
days (p < 0.05), and coated KUA released more fluoride than coated KMA at 7 days (3.47 + 0.316,
2.89 £ 0.422 ppm; p = 0.039) respectively. Coating statistically significantly improved microhardness
only for KUA (p = 0.043). Conclusion: Resin coating improved the stability and microhardness of
both GI but attenuated their fluoride release, and the one step material did not behave equivalently to
the conventionally placed material under coating.

Keywords: In vitro study, glass ionomer, Resin coating, Ketac Universal Aplicap (KUA), Ketac Molar
Aplicap (KMA), resin coating, fluoride, microhardness

1. Introduction

Glass ionomers (GI) continue to occupy an important place in restorative dentistry because of
their chemical adhesion to enamel and dentine, sustained fluoride release, favorable biocompatibility,
and thermal compatibility with tooth structure (Wilson and Kent, 1972; Sidhu and Nicholson, 2016).
Because early moisture susceptibility remains their principal clinical weakness, surface protection
with resin coatings was introduced. The recent marketing of single step placed GI, for which omission
of the coating step is claimed not to compromise clinical performance, provided the rationale for the
present comparative evaluation.
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Once set, GI exhibits several favorable properties that have sustained its clinical popularity.
(Sheta et al. 2026) emphasize that GI demonstrates high adherence to tooth structure, a coefficient of
thermal expansion comparable to natural tooth substance, sustained fluoride ion release that retards
caries progression, and excellent biocompatibility without pulp irritation or carcinogenic potential.
These characteristics render GI particularly well suited for use in cavity lining, luting of indirect
restorations, pediatric restorations, and atraumatic restorative treatment. Furthermore, (Zhang et al.,
2026) note that GI's combination of good oral biocompatibility and ease of clinical operation
continues to make it a first line material in many restorative scenarios, particularly where chemical
adhesion and fluoride release are prioritized over peak mechanical performance.

Despite these advantages, conventional GIC formulations have long been constrained by
comparatively poor mechanical strength and by a pronounced susceptibility to moisture during the
critical early stages of setting (Sidhu and Nicholson, 2016).

Moisture susceptibility is a direct consequence of the setting chemistry of GI. Immediately after
placement, the developing hydrogel matrix is highly vulnerable to desiccation, which disrupts the
hydration shells surrounding ions and polyelectrolyte chains and thereby impairs ion mobility and
cross linking; conversely, premature contact with saliva or water leaches unreacted polyacid and ions
before they can be incorporated into the matrix, leaving a chalky, eroded surface with compromised
properties (Shen et al., 2022). Surface protection was therefore developed to preserve the water
balance of the material throughout setting by acting as a barrier against both salivary contamination
and desiccation. Resin coatings have proved particularly effective for conventionally placed GI
restorations (Panpisut et al., 2024). Thus, it can be concluded that although coating improved
properties of GI, it makes the placement procedure more complicated and time consuming for a
material that used commonly in pediatric and atraumatic restorative technique (ART) which needs the
easiest and most time and equipment saving methods for restoration placement.

Some recent types of GI offering improved handling and time saving were subsequently
developed to overcome the limitations of conventional formulations (Sidhu and Nicholson, 2016).
Among contemporary products, Ketac Universal Aplicap (KUA), (2023) represents a further step in
this evolution and is marketed as a “one step” material, with the manufacturer claiming that omission
of the coating step does not compromise clinical performance (3M Deutschland GmbH, 2016). This
claim is of direct clinical relevance dispensing with the coating step simplifies the placement
procedure and reduces chair time, yet it simultaneously removes the protection that conventionally
placed GI are generally considered to require during early maturation.

Four properties are particularly informative when judging whether coating can safely be omitted.
Water sorption and solubility describe the uptake of water into the cement matrix, and the leaching of
unreacted components and thus directly indicates early hydrolytic stability. Moreover, fluoride release
underlies the cariostatic potential that distinguishes GI from other restorative materials. Finally,
microhardness characterizes the resistance of the surface to indentation and serves as an indirect
marker of the degree of maturation of the cement matrix.

Although resin coating of GI has been investigated for decades, independent evidence directly
comparing one step and conventionally placed GI ‘coated and non coated’ on these specific outcomes
remains limited, and published studies report heterogeneous findings. (Nicholson, 2018) (Ryu et al.,
2019). Therefore, The present in vitro study was conducted to compare a one step placed GI (KUA)
with a conventionally placed placed GI (Ketac Molar Aplicap; KMA), with and without coating,
regarding water sorption and solubility, fluoride release and microhardness. The null hypothesis tested
was that there is no difference between the one step placed and the conventionally placed glass
ionomer restorative materials regarding the investigated properties.

2. Materials and Methods
2.1. Ethical regulations

This in vitro study was conducted at the Biomaterials Department, Faculty of Dentistry, Minia
University. The research protocol was approved by the ethics committee of the Faculty of Dentistry,
Minia University (approval number 723,95,28/3/2023), and the regulations governing in vitro
research were followed.
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2.2. Materials
Two encapsulated glass ionomer restorative materials and one resin coat used as a protective
coating were investigated (Table 1).

Table 1: Materials used in the study with description, manufacturer, batch number, and composition.

( tr?;:f;il]e) Description Manufacturer n]zi:tc)l::r Composition
One step placed Capsules, LOT Powder: aluminum calcium
glass ionomer shade A2 9771356  lanthanum fluorosilicate
(Ketac Universal glass. Liquid: water,
Aplicap; KUA) copolymer of acrylic acid
3M maleic acid, and tartaric acid
Conventionally Capsules, Deutschland LOT Powder: aluminum calcium
placed (GD shade A2 GmbH Dental 954411  lanthanum fluorosilicate
(Ketac Molar Products, Carl glass. Liquid: polycarboxylic
Aplicap; KMA) Schurz Str. 1, acid, tartaric acid, and water
Resin coating Single component 41453 Neuss, LOT Methacryloyloxydecyl
(Single Bond universal light Germany 11215B  dihydrogen phosphate
Universal) cured adhesive in a (MDP), hydroxyethyl
bottle methacrylate (HEMA), filler,
ethanol, water, initiators, and
silane

2.3. Sample size calculation and grouping

The sample size was calculated with G*Power software (Heinrich Heine University, Diisseldorf,
Germany) with input parameters of (1 — B error probability) of 0.80 and an a error probability of 0.05.
Based on the data reported by Tolidis et al. (2016), the effect size (F) was calculated to be 0.95. A
minimum of five samples per subgroup were found. Five additional samples per subgroup were added
by the researcher to confirm the results. Giving n = 10 per subgroup for each test. For each of the
three test methods, a total of 120 samples 40 for each test were prepared and allocated to two groups
regarding the material and each group subdivide into coated and noncoated subgroups (n = 10 for
each subgroup). Water sorption and water solubility were determined on the same samples.

2.4. Sample preparation

All materials were manipulated according to the manufacturer’s instructions. The capsules were
activated and mixed using an amalgamator for 10 s. The mixed material was injected into custom
made split Teflon molds which were prepared specifically for each test. Teflon mold was positioned
over a glass slap covered with a polystyrene strip. The samples were then overlaid with a second
polystyrene strip and pressed between two glass slaps under a load of 200 g weight to obtain samples
with minimal voids and flat surfaces, and they were left for 10 min to reach the initial set. After
removal from the molds, the samples were finished and polished with a finishing disc kit (TOR VM
Ltd., Moscow, Russia) mounted on a low speed handpiece. The yellow discs were used for finishing
and the white discs for polishing with time of 30 s for each one. For the coated subgroups, resin coat
was applied to the sample surfaces with a bond brush and light cured (for 20 s using an 1800 mW/cm?
(RTA mini S light cure device 1800MW/CM? Guilin Woodpecker Medical Instrument Co) Then, all
samples were stored at 100% relative humidity at 37°C for 24h in an incubator (PS.3A, Advanced
Technology, Egypt) before testing.

2.5. Water sorption and water solubility test

A split Teflon mold 15 mm in diameter and 1 mm in thickness was used for samples preparation
and the test was performed according to the International Organization for Standardization (ISO) 4049
specification. After preparation of the samples, they were desiccated in a glass desiccator containing
anhydrous calcium chloride and weighed three times using a digital precision balance (Sartorius,
Biopharmaceutical and Laboratories, Germany). This cycle was repeated until a constant mass of the
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sample (M1) was obtained. The discs of each subgroup were then transferred to separate plastic
containers filled with 20 mL of deionized water and stored at 37°C for 7 days. After storage, the
samples were removed from the containers, waved in the air for 15s, gently blotted with absorbent
paper, and weighed 3 times until the mass after immersion in water (M2) was obtained. Each disc was
then redesiccated and weighed until the constant dry mass after immersion and redesiccation (M3)
was obtained.

Water sorption and water solubility were calculated for each disc using equation (1,2) respectively
and the results were expressed in pg/mm?.

Water sorption = (M2 —M3)/V )
Water solubility = (M1 —M3)/V (2)

Where V is the sample volume in (mm?®) and it was calculated using equation (3)
Sample volume (V) =[(n x D?)/4] xL (3)
where D the sample diameter (mm), and L the sample thickness (mm) and & =3.1416

2.6. Fluoride release test

A split teflon mold 8 mm in diameter and 2 mm in thickness was used for samples preparation
and the test was conducted according to Habib (2020). The samples were immersed and stored in
individual plastic containers holding 10 mL of deionized water at 37°C for 1day and 7days. At each
measurement interval, the sample was removed from its container and the storage solution was
decanted for analysis. Then, the sample was returned to a new container with 10 mL of fresh
deionized water and storage was continued. Fluoride release was measured using a fluoride ion
selective electrode (ise). A mixture of 3 mL of the storage solution and 0.3 mL of Total lonic Strength
Adjustment Buffer (TISAB III; Orion Research Inc., Beverly, MA, USA) was used, and fluoride
concentrations were measured with a calibrated fluoride specific combination electrode (96 09BN;
Orion Research Inc.) attached to an ion meter (model 720A; Orion Research Inc.) to an accuracy of
0.1 ppm. Fluoride concentrations were expressed in ppm (mg/L).

2.7. Microhardness test

A split Teflon mold 4 mm in diameter and 6 mm in thickness was used for samples preparation
and the test was conducted according to Soliman and Othman (2017). Microhardness was determined
using a digital display Vickers microhardness tester. A load of 50 g was applied to the surface of each
sample for 10 s. Three indentations not closer than 0.5 mm to each other or to the border were made
on the surface of each sample. The length of the indentation diagonals was measured with the built in
scaled microscope and the mean of them was calculated. Microhardness was calculated using
equation (4)

HV = 1.854 P/d? (4)

where HV is the Vickers hardness number (VHN) in Kgf/mm?, P is the applied load in Kgf, and d is
the diagonals in mm. The three readings of each sample were averaged and considered the sample
hardness.

2.8. Statistical analysis

The data were collected, tabulated, coded, and analyzed using IBM SPSS Statistics for Windows,
version 29 (IBM Corp., Armonk, NY, USA). Normality of the data distribution was assessed with the
Kolmogorov Smirnov and Shapiro Wilk tests. The data were normally distributed and descriptive
statistics were expressed in the mean and standard deviation (SD). Two way ANOVA was employed
for data and Tukey’s honestly significant difference (HSD) post hoc tests and independent t tests were
used for pairwise comparisons between groups. For the fluoride release test, the dependent t test was
used to compare the 1 day and 7 days measurements within each material. Statistical significance was
set at p < 0.05.
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3. Results
3.1. Water sorption and water solubility

The water sorption and water solubility results are presented in Table 2 and figure 1,2. Within
each material, coating produced a statistically significant reduction in water solubility, both for KMA
(p = 0.003) and for KUA (p = 0.001). Water sorption did not differ statistically significantly between
KMA and KUA under either the non coated (p = 0.058) or the coated (p = 0.074) condition. Within
each material, the coated samples showed numerically lower sorption values than their non coated
counterparts, but these differences did not reach statistical significance for KMA (p = 0.081) or for
KUA (p = 0.057). Under the non coated condition, KMA exhibited statistically significantly higher
water solubility than KUA (p = 0.001) and after coating application, this between material difference
was no longer statistically significant (p = 0.204).

Table 2: Mean + standard deviation (SD) and level of significance of water sorption and water
solubility (pg/mm?) between non coated and coated KMA and KUA (n = 10 per

subgroup).
p value
Property Coating condition KMA KUA (between
materials)
Water sorption Non coated 227.16 + 12.612 209.88 + 13.946 0.058
Coated 207.74 £ 17.738 188.83 +£7.048 0.074
p value
(within material) 0.081 0.057
Water solubility Non coated 16536 +3.110 137.23 +4.291 0.001*
Coated 122.10 £ 15.349 111.61 £3.567 0.204
p value 0.003* 0.001%

(within material)

* The mean difference is significant at the 0.05 level.

Water sorption (KMA vs KUA)

Z50 227.16

209:65 207.74

200 A
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N Water sorption Mean = SD KMA s Water sorption Mean = SD KUA

Fig. 1: Bar chart reveals the average water sorption mean = SD between non coated and coated KMA
and KUA.
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Fig. 2: Bar chart reveals the average water solubility mean + SD between non coated and coated
KMA and KUA.

3.2. Fluoride release

The fluoride release results at 1 and 7 days are presented in Table 3 and figure 3,4. At one day,
KMA and KUA did not differ statistically significantly under either the non coated (p = 0.976) or the
coated (p = 0.273) condition. Within each material, coating produced a statistically significant
reduction in fluoride release at one day (KMA: p = 0.001; KUA: p = 0.001). At 7days, the non coated
samples of the two materials still did not differ statistically significantly (p = 0.539), whereas the
coated samples differed statistically significantly, with KUA releasing more fluoride than KMA (p =
0.039). The within material reductions in fluoride release upon coating remained significant for both
materials at 7days (KMA: p = 0.001; KUA: p = 0.001). In addition, fluoride release increased
statistically significantly from 1 day to 7 days in both materials where p < 0.05).

Table 3: Mean + standard deviation (SD) and level of significance of fluoride release (ppm)
between non coated and coated KMA and KUA at 1 day and 7 day intervals (n =

10 per subgroup).
Time Coating condition KMA KUA p value (ltetween
materials)
One day Non coated 5.60 +0.689 5.61 +£0.765 0.976
Coated 2.68 +0.449 2.99 +0.381 0.273
p value " "
(within material) 0.001 0.001
7days Non coated 6.36 +0.841 6.64 £ 0.493 0.539
Coated 2.89 +0.422 347+0.316 0.039%
p value 0.001% 0.001%

(within material)

* The mean difference is significant at the 0.05 level.
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Fluoride release KMA vs KUA
(One day)

Fluoride release (ppm)

Non-Coated Coated
B Fluoride release Mean + SD KMA B Fluoride release Mean + SD KUA
Fig. 3: Bar chart reveals the average fluoride release mean + SD between non coated and coated
KMA and KUA after one day.

Fluoride release KMA vs KUA
(7 days)

Fluoride release (ppm)
>
1

Non-Coated Coated

B Fluoride release Mean = SD KMA B Fluoride release Mean + SD KUA

Fig. 4: Bar chart reveals the average fluoride release mean + SD between non coated and coated
KMA and KUA after 7 days.

3.3. Microhardness

The microhardness results are presented in Table 5 and figure 4. Microhardness did not differ
statistically significantly under either the non coated (p = 0.751) or the coated (p = 0.521) condition.
The coated samples showed slightly higher microhardness values than the non coated samples;
however, the within material increase with coating reached statistical significance only for KUA (p =
0.043), whereas the corresponding change for KMA was not statistically significant (p = 0.057).
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Table 4: Mean =+ standard deviation (SD) and level of significance of microhardness (VHN) between
non coated and coated KMA and KUA (n = 10 per subgroup).

Coating condition KMA KUA p value (between materials)
Non coated 61.93 +£1.227 62.20 +1.380 0.751
Coated 64.32 +£1.296 63.87 =£0.705 0.521
p value (within material) 0.057 0.043*

* The mean difference is significant at the 0.05 level.

Microhardness (KMA vs KUA)
67

66 - 64.32

65 A

63.87

64 1 62.20
61.93

63

62 A

61

60 -
Non-Coated Coated
EEm Microhardness (VHN) Mean = SD KMA B Microhardness (VHN) Mean * SD KUA
Fig. 5: Bar chart reveals the average microhardness mean + SD between non coated and coated KMA
and KUA.

4. Discussion

Glass ionomer (GI) occupies a distinctive and enduring position within restorative dentistry,
sitting at the intersection of preventive and restorative care. Since Wilson and Kent first introduced
the material in 1971, GI has been valued for its ability to bond chemically to tooth structure, release
fluoride over extended periods, and exhibit biocompatibility that closely mimics the modulus of
elasticity and thermal behavior of natural dentine Sheta et al. (2026) Despite more than five decades
of clinical use, the material remains the subject of intense ongoing research.

Water sorption and solubility test was performed as the previous studies stated that water
sorption and solubility influence the physical and mechanical performance and durability of the
restoration (Alqasabi et al., 2024) and materials that absorb or lose excessive water may fail
prematurely through margin breakdown, microleakage, secondary caries, or fracture, as documented
in long term clinical evaluations of recent glass ionomer restorative systems (Wafaie et al., 2023).

Coating statistically significantly reduced the water solubility of both KMA (p = 0.003) and
KUA (p = 0.001). A resin coating layer acts as a barrier against both water contamination and
desiccation, preserving the water balance of the cement during the critical early stages of setting,
when premature water contact leaches unreacted polyacid and ions and desiccation disrupts the
hydration shells essential for ion mobility and cross linking (Bonifacio et al., 2012; Shen et al., 2022).
By limiting water diffusion into and out of the cement, the coating promotes more complete
maturation and thereby reduces the leachable fraction of the matrix (Nicholson, 2018). The present
findings agree with Aydin et al. (2020) who demonstrated that surface protection reduced the water
sorption and solubility of GI and with Jafarpour et al. (2019) who reported statistically significantly
lower sorption and solubility in coated than in non coated GI groups, an effect attributed to the resin
barrier. Also, in agreement with Alqasabi et al. (2024), who found that coated samples showing lower
water uptake. These observations are also consistent with the systematic review of Al Zangana et
al. (2025), which concluded that resin coatings improve the performance of GI, particularly during the
critical initial setting period. In contrast, Zambon et al. (2025) found no significant differences in
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water sorption or solubility between certain coated and non coated GI groups. Furthermore, Yilmaz et
al. (2020) reported the highest 7 days water sorption values for coated group which may be attributed
to difference in the tested materials.

Under the non coated condition, KMA exhibited statistically significantly higher water solubility
than KUA (p = 0.001), indicating lower early hydrolytic stability of the conventionally placed
material when the protective step is omitted. The compositional differences between both materials in
powder to liquid ratio, powder size and distribution which stated by manufacturer (3M Deutschland
GmbH) may modify the maturation behavior and the resistance of the developing matrix to hydrolytic
dissolution during early storage (Nicholson, 2018; Nicholson et al., 2020). The present findings agree
with Dionysopoulos et al. (2018), who reported low water solubility values for KUA relative to other
conventionally placed GI tested under the same method.

Water sorption did not differ statistically significantly between KMA and KUA under either
coating condition, and within each material the reduction observed after coating did not reach
statistical significance. These findings align with (Hasanain et al., 2026) who found that no significant
correlation existed between water sorption and water solubility among the investigated materials,
indicating that the extent of water uptake does not necessarily predict the degree of material
dissolution. This distinction highlights the importance of assessing both properties separately when
evaluating the hydrolytic stability of restorative materials.

Glass ionomer is the most widely used fluoride releasing restorative material in dentistry which
has an anticariogenic property and plays a crucial role in decreasing recurrent caries, this may be
affected by application of resin coating so, the fluoride release test was done to evaluate the effect of
resin coating on both materials. Deionized water was used as a storage solution as it contains no
fluoride traces or minerals and thus can accurately indicate the fluoride ions released from GI; it
should nevertheless be noted that the storage medium, pH cycling, and environmental parameters
significantly affect fluoride release kinetics (Nicholson et al., 2023; Dobrzynski et al., 2025)

In this study Fluoride release increased statistically significantly from day 1 to 7 days in both
materials (p =0.002, 0.006, 0.014 and 0.001). The continuing maturation of the glass ionomer matrix
during the first week most likely accounts for this increase, because the setting reaction continues well
beyond the initial setting time, with aluminum polyacrylate cross linking and matrix densification
progressing over days to weeks and modifying the balance between water mediated ion mobility and
matrix integrity (Nicholson, 2018). These observations are consistent with the continued maturation
model of conventionally placed glass ionomers, in which the amount of fluoride released reflects the
evolving structure of the maturing matrix (Nicholson, 2018). However, this pattern deviates from the
classical biphasic fluoride release profile of glass ionomers an initial burst followed by a sustained,
diffusion controlled decline described by Nicholson et al. (2023) and Dobrzynski et al. (2025), and
recent evaluations of contemporary GI formulations documented maximal early release followed by a
decline (Dcruz et al., 2024; Dhivyasri et al., 2025). Such discrepancies between studies may be
explained by variations in coating permeability and degradation over time, sample surface area to
volume ratios affecting diffusion gradients, and material specific matrix cross link density and
porosity governing fluoride mobility (Nicholson et al., 2023; Dobrzynski et al., 2025)

Coating has statistically significantly reduced the fluoride release of both materials at 1 and 7
days (p = 0.001 for all within material comparisons). Fluoride release from glass ionomers is a
diffusion driven ion exchange process that requires water penetration into the matrix, and a resin layer
restricts both the inward sorption of water and the outward leaching of loosely bound fluoride ions,
thereby attenuating the amount available for immediate release (Hattab and Amin, 2001; Nicholson et
al., 2023). The present findings agree with the systematic review of Hattab and Amin (2001)
Krajangta et al. (2022), Arthilakshmi et al. (2025) and Al Zangana et al. (2025), which concluded that
resin coatings generally diminish fluoride release from GI by acting as a diffusion barrier that restricts
ion movement from the cement matrix and reported that protective coatings reduced, but did not
prevent, fluoride release, implying that resin layers remain partially permeable to fluoride diffusion.
Alebady et al. (2024) demonstrated that surface coatings did not completely inhibit fluoride release
from contemporary GI although they found that a coated conventionally placed GI exhibited
statistically significantly higher fluoride release at day 21 than non coated counterparts which not
agree with the findings of this study suggesting that ion diffusion may continue through the coating
layer or via marginal pathways; the discrepancy with the present results may be explained by the
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considerably longer observation period and by differences in coating chemistry, thickness, and
permeability (Tokarczuk et al., 2024).

Moreover, at 7 days, coated KUA released statistically significantly more fluoride than coated
KMA (p = 0.039). This finding suggests material specific interactions with the coating, which may be
attributed to differences in matrix composition and glass reactivity affecting diffusion kinetics
(Nicholson et al., 2023). The present findings agree with Tezel et al. (2025), who tested different GI
formulations and found material specific fluoride release and microhardness responses to surface
coating, and with Piszko et al. (2025), who showed that pH and material composition strongly
influence fluoride release patterns in fluoride releasing dental materials. Variations in powder
composition, powder to liquid ratio, powder size and cross linking density among GI formulations
govern ion mobility and determine how each material interacts with a resin coating layer (Nicholson
et al., 2020).

Coating statistically significantly increased the microhardness of KUA (p = 0.043), whereas the
corresponding increase for KMA did not reach statistical significance (p = 0.057), and the two
materials did not differ statistically significantly under either coating condition. The improvement
observed in coated subgroups can be attributed to the coating permitting uninterrupted matrix
maturation during the critical early setting period (Shen et al., 2022). Because the resin coating was
applied after an initial 10 min set, the acid base reaction within the bulk was already largely
established, so that the coating acted mainly as a mechanical shield rather than interfering chemically
with the setting cement (Nicholson, 2018). Furthermore, the superficial resin layer itself may have
contributed to the higher indentation resistance recorded during Vickers testing (Faraji et al., 2017).
The present findings agree with Alqasabi ef al. (2024) and with Faraji et al. (2017), who reported that
protective coating enhance the early microhardness of GI by minimizing moisture imbalance, and
with Tezel et al. (2025), who documented material dependent microhardness responses to surface
coating in different GI formulations.

Conversely, several well conducted studies have reported no significant benefit of coating on GI

hardness, or even lower hardness of coated samples. Bagheri et al. (2013) found that application of
the resin coating was associated with a statistically significant decrease in the Vickers hardness of
conventionally placed Ryu et al. (2019) likewise reported statistically significantly lower surface
hardness in surface coated conventionally placed and resin modified GI than in non coated samples.
These divergent results can be reconciled largely on methodological differences such as differences in
storage or aging.
The null hypothesis was not accepted regarding all tests expect water sorption as the study found that
coating statistically significantly reduced the solubility of both materials, whereas water sorption did
not differ statistically significantly among the groups. Coating statistically significantly reduced the
fluoride release of both materials at 1 and 7 days. Regarding microhardness, coating produced a
statistically significant increase.

5. Limitations and recommendations

Taken together, the findings of this study should be interpreted in the light of its in vitro design,
and short term storage period which cannot reproduce the intermittent moisture exposure, ionic
composition, pH fluctuations, and mechanical challenges of the oral environment., water sorption and
solubility were measured over a 7days immersion period, fluoride release was recorded at one and 7
days and microhardness was measured after 24hrs. These constraints limit the extrapolation of the
results to long term service so, aging is recommended for long term evaluation of the material
properties along with clinical studies.

6. Conclusion

Within the limitations of this in vitro study, coating did not influence water sorption but limits
water solubility in both materials. Furthermore, non coated KMA shows more water solubility than
non coated KUA, which might indicate lower early hydrolytic stability. Moreover, coating reduced
fluoride release in both materials and Both materials showed increasing fluoride release from one
days to 7 days which might reflect continued post setting maturation. Coating has improved the initial
microhardness for both materials
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