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ABSTRACT
Objectives: The objectives of this in vitro study were to compare the occlusion profile and gingival safety of Predicta™ 

Bioactive Desensitizer (PBD, parkell, Edgewood, NY, USA), a methacrylate-free, nanohydroxyapatite-based 

desensitizer with Gluma® desensitizer liquid (GLU, Heraeus Kulzer, Germany).

Materials and methods: In this study, occlusal surfaces were prepared from 30 caries-free human molars and were 

randomly allocated to three groups each consisting of 10 samples. Samples in group A (n=10), group B (n=10) were 

treated with predicta™ bioactive desensitizer, gluma® desensitizer liquid. Group C (n=10) was the control group and 

samples in this group were left immersed in artificial saliva. Micromorphological analysis using scanning electron 

microscope was performed to assess tubular occlusion. A blinded reviewers independently scored the level of tubule 

occlusion as type 0 (no occlusion; score 0), type 1 (partial occlusion; ≤ 25%; score 1), type 2 (partial occlusion; 

25-75%; score 2), type 3 (complete occlusion; >75%; score 3). Furthermore, the gingival safety of predicta™ bioactive

desensitizer and gluma® desensitizer liquid was assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (XTT) test. Means were compared using One-way Analysis of Variance (ANOVA). Post-hoc comparisons were

made using Tukey test. A 2-sided test with p<0.05 was considered to be statistically significant.

Results: The mean occlusion scores computed from micromorphological analysis using scanning electron microscope

in group A (predicta; n=10) and group B (gluma; n=10) were 1.6 ± 1.07 (p<0.001 vs. control) and 2.3 ±1.05 (p<0.001

vs. control), respectively. Results of the XTT test indicated that the percentage of cell viability with varying

concentrations of predicta bioactive desensitizer at 1, 24 and 48 hours remained significantly higher as compared to

gluma® desensitizer liquid (p<0.001) at 1 hour, 24 hours and 48 hours after treatment.

Conclusions: The occlusive efficacy of predicta bioactive desensitizer seems to be comparable to that of gluma

desensitizer liquid. On the other hand, predicta bioactive desensitizer may be safer to the gingival milieu.
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Subsequently, all the samples were kept in 17%
Ethylenediaminetetraacetic Acid (EDTA) for 40 minutes to
completely open the dentinal tubules and then in distilled water
for 12 minutes to remove residual smear layers [10-14]. All
samples were then dehydrated in a graded series of ethanol (10%
to 90%) for 30 minutes each. These samples were preserved in
artificial saliva.

The samples were divided randomly into three groups, each with
10 specimens, and treated as follow:

• Group A: Samples treated with predicta bioactive desensitizer.
• Group B: Samples treated with gluma desensitizer liquid.
• Group C: Control group.

The two desensitizers evaluated in the study were applied to the 
samples in conformity to the instructions from respective 
manufacturers.

As per manufacturer’s specifications, samples in group a were 
rinsed with warm water, dried with absorbent cotton and a coat 
of Predicta™ Bioactive Desensitizer (PBD, parkell, Edgewood, 
NY, USA )was applied and rubbed gently for 10 to 20 seconds. 
Excess product was removed by wiping the samples with a cotton 
pledget and were air-dried using an air blower [15].

Gluma desensitizer liquid (gluma desensitizer, Heraeus Kulzer, 
Hanau, Germany) was applied to water-washed and air-dried 
samples in group B. After leaving this sample undisturbed for 
about a minute, all the samples were air-dried to remove fluid 
film and shininess.

Analysis

Observations for the samples were performed under different 
magnifications 5,000 and 10,000X, using a Scanning Electron 
Microscope (SEM) (VEGA3 XM, TESCAN, Brno, Czech 
Republic) operating at 20 kV acceleration voltage and 15 mm 
working distance.

Micro-morphological analysis was done after sputter coating 
with 100 Å gold-palladium (EMS 7620 mini sputter coater, 
Hatfield, PA) in order to create a conductive specimen surface 
and reduce electron charging, which may reduce the quality of 
the image.

The specimens were analyzed by a three blinded reviewers then 
independently assessed the images to score the level of tubule 
occlusion as type 0 (no occlusion; score 0), type 1 (partial 
occlusion; ≤ 25%; score 1), type 2 (partial occlusion; 25-75%; 
score 2), type 3 (complete occlusion; >75%; score 3).

Cell culture methodology

Human Gingival Fibroblasts (HGF) cell culture: HGF cells 
(Cryovial: 300703, procured from CLS Cell Lines Service 
GmbH, Dr. Eckener-Strabe 8, 69214 Eppelheim, Germany) were 
revived in DMEM/F-12 cell culture medium (Sigma-Aldrich, 
USA) supplemented with 10% Fetal Bovine Serum (FBS, Sigma-
Aldrich, USA) and 1% penicillin-streptomycin (Sigma-Aldrich, 
USA). The cells were maintained at 37℃ in a CO2 incubator
with 5% CO2 and 95% air [16].
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INTRODUCTION
Dentin hypersensitivity is a relatively common presentation in 
“real-world” clinical settings with a predilection for female 
gender and people aged above 30-40 years [1,2]. While 
prevalence studies have yielded heterogenous results, the best 
estimated prevalence could be about 11.5% [3]. The nociceptive 
consequences arising from the “exposed dentin” adversely 
impact several indices of Health-Related Quality of Life 
(HRQoL) [4,5]. Drawing premise from brannstrom’s 
hydrodynamic theory, several physical, chemical and nerve 
desensitizing options have become available for treating dentin 
hypersensitivity [6]. However, none of these extant options are 
“gold-standards” and the choice of treatment depends on an 
evidence based balance of safety efficacy considerations and 
contextual factors presented by individual patients and their 
preferences for clinic-based or home-based treatments. Among 
these options, bioactive dentin desensitizers have attained a 
conspicuous prominence. An editorial by Vallittu, et al. explains 
that the terms “bioactive” and “biomineralization” must be 
reserved for evidence based materials, with optimal ion-release 
and biomineralization characteristics [7]. Previous studies have 
indicated that the Predicta™ Bioactive Desensitizer (PBD, 
Parkell, Edgewood, NY, USA), a methacrylate-free, 
nanohydroxyapatite based desensitizer provides for immediate 
tubular occlusion and continued calcium and phosphate ion 
remineralization for further occlusion. Extending on these 
previous studies, we conducted an in vitro study to compare the 
occlusion profiles and gingival safety of predicta™ bioactive 
desensitizer with Gluma® Desensitizer liquid (GLU, Heraeus 
Kulzer, Germany), an established occlusive resinous agent, which 
contains glutaraldehyde (5%) and 2-Hydroxyethyl-Methacrylate 
(HEMA). Results of this comparative study are presented herein 
[8].

MATERIALS AND METHODS

Preparation of samples

Recently 30 extracted non-carious human molars were collected 
from the oral surgery clinic of college of dental medicine, 
university of Sharjah, after obtaining informed consent from 
patients (Approval code REC-22-04-06-S). The research ethics 
committee of the institution has given their approval for this in 
vitro study [9].

Teeth were subsequently washed with distilled water and stored 
in normal saline (0.9% w/v) at room temperature.

The crown sectioned from the roots and then dentin disc were 
prepared using precision cutting machine (Isomet®1000 
precision sectioning saw-Buehler, USA). Specimens were 
prepared perpendicular to the long axis of the tooth from the 
dentin section closest to the pulp chamber away from the pulp 
horn and enamel. The occlusal surfaces were then flattened with 
a polishing machine (Metkon® FORCIPOL 2v grinder and 
polisher, Turkey) to obtain 2 mm-thick dentin slices. Then 
the occlusal side of each slice was polished for 30 seconds with 
600-grit paper (3 M, St. Paul, MN, USA) in a circular motion 
under running water to establish a standardized smear 
layer.
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• Predicta™ bioactive desensitizer, group.
• Gluma desensitizer liquid and group.
• Control at two different magnifications 5,000X and 10,000X.

Figure 1: The upper panel shows the representative tubule 
occlusion before. a) And after Gluma; b) And Predicta 
treatment; c) As assessed by scanning electron microscope. The 
lower panel. a(i), b(i) and c(i) represent the higher magnification 
images of a, b and c.

Representative scanning electron microscope images of our 
study groups showed almost a complete tubular occlusion in 
group A and partial tubular occlusion in group B1 compared to 
the control group samples that demonstrate on total open 
dentinal tubules [18].

Table 1 depicts the mean difference of post-treatment tubular 
occlusion scores between groups based on the blinded reviewer’s 
scores.

Inter-group comparisons Mean difference (i-ii)* P-value**

i ii

Predicta™ bioactive desensitizer Gluma desensitizer liquid 0.7 0.18

Predicta™ bioactive desensitizer Control 2.3 <0.001

Gluma desensitizer liquid Control 1.6 <0.001

*Computed using ANOVA and Tukey adjustment,**p<0.001.

The mean occlusion scores in group.

• Predicta™ bioactive desensitizer and group.
• Gluma desensitizer liquid were 2.3 ± 1.05 (p<0.001 control)

and 1.6 ± 1.07 (p<0.001 control), respectively. Significant

differences were detected between group A, B with group C
(p>0.001). However, the blinded reviewer evaluated scores did
not reveal any significant differences between group predicta™
bioactive desensitizer and gluma desensitizer liquid groups.
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Cell viability assay: The cytotoxic effects of gluma desensitizer 
liquid and predicta™ bioactive desensitizer on HGF cells were 
evaluated using the XTT assay (XTT proliferation kit, Roche, 
Sigma-Aldrich). HGF cells were seeded onto 96-well plates at a 
density of 10 cells/well in a final volume of 100 μL of complete 
DMEM/F-12 cell culture medium. After 24 h, the cultured HGFs 
were treated with gluma desensitizer liquid and predicta™ 
bioactive desensitizer with varying concentrations (0.1. 0.3, 0.5 
and 1%) for 1, 24 and 48 h. After the respective incubation, XTT 
assay was carried out following the manufacturer’s instruction 
[17]. Around 50 μL of the XTT reagent was added to each well 
and the plates were kept for 4 h incubation. The 
absorbance was then measured using a plate reader (synergy H1 
microplate reader, biotek instruments, USA) at 450 and 630 
nm wavelengths. Cells grown in the culture medium was 
considered as the positive control and the once treated with 
10% DMSO was taken as the negative control. Cell viability was 
calculated as the percentage with respect to the positive 
control group, and the results were analyzed with a one-way 
analysis of variance followed by Tukey’s post hoc tests.
Assessments of cell viability was also made by checking the cell 
morphology in a phase contrast microscopy after the respective 
treatments at 1, 24 and 48 hours.

Statistical analysis

Data was tabulated with computations of mean for central 
tendencies and standard deviation for measures of dispersion. 
Means were compared using One-way Analysis of Variance 
(ANOVA). Post-hoc comparisons were made using Tukey test. A 
2-sided test with a 95% confidence level P<0.05 was considered
to be statistically significant. All the statistical tests were
performed with the IBM Statistical Package for the Social
Sciences (SPSS) Statistics for Windows, version 27.0, Armonk,
NY, USA.

RESULTS
Figure 1 shows the representative scanning electron microscope 
images for tubular occlusion in group
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Figure 2: Comparative XTT assessments of cell viabilities between. 
a) Gluma desensitizer liquid; b) Predicta bioactive desensitizer.
Statistical significance between the different concentrations is
represented with asterisks with a p-value of <0.001.

Compared to gluma, the predicta bioactive desensitizer Figure
2b at all concentrations in all time points were non-toxic to the
gingival fibroblasts. An increase in the cell viability was observed
at 24 h for the 1%, 0.5% and 0.3% compared to the positive
control cells. However, no statistical significance in cell viability
was observed for all the concentrations of predicta after 48 h of
incubation.

The cytotoxic effect of the gluma desensitizer was also evident
from the morphological analysis of the HGF cells (Figures 3 and
4). The cells demonstrated a round morphology in the 1%,
0.5% and 0.3% concentrations at 24 h and 48 h compared to
the typical elongated morphology of the gingival fibroblasts
(Figure 5). However, those cells grown in 0.1% showed the
elongated morphology at 24 h of culture [20]. A decrease in cell
density followed by the appearance of round cells were observed
in the 0.1% gluma at 48 h. The morphological analysis of the
HGF cultured in the predicta desensitizer Figure 4 at all
concentrations in all time points showed the characteristics
elongated morphology of the gingival fibroblasts proving the
cytofriendly nature of the predicta over gluma (Figure 6).

Figure 3: Comparative XTT assessments of cell viabilities 
between gluma desensitizer liquid and predicta bioactive 
desensitizer at different time points a) 1 h; b) 24 h and; c) 48 h. 
Statistical significance between the different products is 
represented with asterisks with a p-value of <0.001.

Figure 4: Representative phase contrast microscopic images of 
cultured human gingival fibroblasts after treatment with gluma 
desensitizer liquid. Rows a, b and c represents the 
morphological changes at 1 h, 24 h and 48 h, respectively.

Figure 5: Representative phase contrast microscopic images of 
cultured human gingival fibroblasts after treatment with 
predicta desensitizer. Rows a, b and c represents the 
morphological changes at 1 h, 24 h and 48 h, respectively.

Figure 6: Representative phase contrast microscopic images of
cultured human gingival fibroblasts (positive control) and cells
treated with DMSO (negative control). Rows a, b and c
represents the morphological changes at 1 h, 24 h and 48 h,
respectively.

DISCUSSION
Dentin, which is composed of dentinal tubules, is frequently 
sensitive to external stimuli because of its link in structure and 
function with the dental pulp. Dentin hypersensitivity develops 
when the dentinal tubules are exposed to the oral environment 
and then are subsequently exposed to thermal, tactile, 
evaporative, chemical, or osmotic stimuli. The wide range of

Alsenan QK, et al.

Cell culture results

The results of the cell viability assay Figure 2 showed that for the 
gluma desensitizer, the gingival fibroblasts were viable only in 
the lowest concentration which is 0.10% in all time points [19]. 
During the initial 1 h, the cells cultured on all the 
concentrations were viable. However at 24 h and 48 h, only the 
cells treated with 0.1% gluma was showing the viability. The rest 
three concentrations were found to be cytotoxic in nature. For 
the 0.1%, a decrease in cell viability was observed after 48 h of 
culture.

Oral Health Dent Manag, Vol.22 Iss.5 No:10001077 4



Eyuboglu, et al. gluma is associated with mean mortality 
percentages of 96, 94 and 94% for cytotoxicity at 50%, 
20% and 10% dilutions, respectively. Ishihata, et al. 
highlighted the importance of limiting the contact of the 
desensitizing agent to the target area and preventing 
inadvertent spreading to neighboring gingival tissue as adverse 
gingival effects such as inflammation and ulceration may 
ensure upon inadvertently prolonging the contact of gluma with 
gingival tissue. Thus, it appears that the gingival safety of 
gluma desensitizer liquid can be enhanced by meticulous 
procedural nuances. However, the presence of glutaraldehyde 
and 2-Hydroxyethyl Methacrylate (HEMA) in gluma desensitizer 
liquid poses a perceptible “chemical concern”, which may 
nevertheless be blunted with procedural nuances.

Eyuboglu, et al. also reported that the cytotoxicity of a material 
is usually related to its composition. Like HEMA, a low 
molecular weight hydrophilic monomer that may be released 
from resin-based materials and penetrate the dentin tissue, 
affecting odontoblast vitality and physiological activity.

Results of our study is in general agreement with the findings of 
Eyuboglu, et al. indicates that the cytotoxic effects of gluma 
desensitizer liquid is more pronounced after 24 and 48 hours of 
application, especially in concentrations higher than 0.1%. In 
contrast, cell viability with varying concentrations of predicta 
bioactive desensitizer at 1, 24 and 48 hours remained consistent. 
The predicta bioactive desensitizer, a composite of highly 
biocompatible and bioactive materials releases calcium and 
phosphate ions at the site of treatment to stimulate rapid 
hydroxyapatite crystal formation within micro cracks in enamel 
as well as on the surface of treated dentin and in dentinal 
tubules. Thus, it appears that biocompatibility and gingival 
safety of the predicta bioactive desensitizer may be better and 
free from the “chemical concern” discussed above.

Patients with dentin hypersensitivity have a compromised quality 
of life with respect to dietary choices, dental hygiene, and 
aesthetics. An optimal treatment modality for dentin 
hypersensitivity must effectively provide for occlusion of dentinal 
tubules to reduce fluid movement in dentin and/or reduce the 
activity of dental sensory nerves along with being acceptably 
biocompatible and safe with respect with cytotoxicity. Results of 
the current study indicates that the predicta bioactive 
desensitizer fares well on this composite requirement and seems 
to be a good addition to the overall armamentarium against the 
complications of dentin hypersensitivity. The current study is an 
in vitro study and additional data from clinical studies may be 
needed to confirm and extend the findings presented herein.

CONCLUSION
In the backdrop of a clinical scenario, where there is an 
apparent lack of a gold-standard, treatment choices have to be 
arrived on the premise of risk-benefit assessments. While the 
occlusive benefits of predicta bioactive desensitizer seem 
comparable to that of gluma desensitizer liquid, the safety 
concerns with respect to gingival safety may be more favorable 
with the former. Confirmation of the risk-benefit profiles of the 
two dentin desensitizers presented herein lends premise for

Alsenan QK, et al.

desensitizing agents available and treatment procedures for 
dentin hypersensitivity can be attributed to the difficulty in 
managing this condition or to the lack of agreement on the best 
practices for these treatments. For the treatment of dentin 
hypersensitivity, there are several products with different 
components and mechanisms available on the dental market. 
The purpose of this study was to evaluate the dentinal tubule 
occluding ability and safety of two different dentin desensitizers: 
Gluma desensitizer liquid and predicta bioactive desensitizer.

All the specimens in this study were examined using SEM at a 
magnification of about 5,000X, and photomicrographs were 
evaluated in order to assess the opening of dentinal tubules in 
the controls and occlusion of dentinal tubules in specimens 
treated with the two desensitizing agents. In order to minimize 
bias, three blind examiners evaluated the SEM images. Score was 
given to the tubule occlusion on a categorical scale of 0-3, type 0 
(no occlusion; score 0), type 1 (partial occlusion; ≤ 25%; score 1), 
type 2 (partial occlusion; 25-75%; score 2), type 3 (complete 
occlusion; >75%; score 3). The three reviewers' mean tubule 
occlusion scores were calculated, and statistical analysis was done 
using that data as shown in Table 1.

Gluma desensitizer liquid is a composite of 5% Glutaraldehyde 
and (35%) 2-Hydroxyethyl-Methacrylate (HEMA) and purified 
water. Schupbach, et al. note that the gluma desensitizer can 
occlude the dentinal tubules up to 50 µm deep. Furthermore, 
an earlier study by Mehta et al indicates that gluma desensitizer 
provides for tubular occlusion by precipitating proteins in the 
dentin fluid. Results of the current study extends and confirms 
these former observations (Table 1). Studies conducted 
using gluma desensitizer has generally stated successful results.

Samuel, et al. in his clinical trial study measured the 
hypersensitivity of gluma using the schiff sensitivity scale at 
baseline, immediately, 15 days and 30 days after application and 
found that the mean hypersensitivity scores were increase 
towards the end of 30 days. The decreased effectiveness of gluma 
desensitization may be related to the agent get washed away in 
saliva, dietary patterns, inadequate acid resistance, and perhaps 
tooth brushing habits.

In comparison to gluma desensitizer liquid, the predicta 
bioactive desensitizer which is composed of calcium, phosphate 
and nanohydroxyapatite, seems to be associated with an 
efficacious occlusion profile. Luong, et al. also reported that 
after the application of predicta bioactive desensitizer, SEM 
micrographs showed good coverage of the widely open dentinal 
tubule. He also reported that the dentin regions exposed for the 
experiment were rich in open dentin tubules, and tubular 
sealing was accomplished by predicta bioactive desensitizer right 
away, according to the SEM micrographs. Results of this study 
indicate that the occlusive efficacy of predicta bioactive 
desensitizer may be similar to that gluma desensitizer liquid 
(Table 1).

The presence of glutaraldehyde and 2-Hydroxyethyl Methacrylate 
(HEMA) in gluma desensitizer liquid raises the concerns of 
cytotoxicity. Ashwini, et al., reported the dentinal tubules can be 
efficiently blocked by gluma. Although it contains glutaraldehyde, 
prolonged  use  can  cause  gingival  damage.  As  per   a  study   by 
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future clinical studies to ascertain the place of predicta bioactive 
desensitizer as a safe and effective occlusive strategy for 
managing dentin hypersensitivity.
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