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Abstract 
Background: Pain/discomfort in the areas of exposed dentin in response to stimuli present a common yet multifaceted 
challenge in the field of dentistry. This condition, referred to as dentinal hypersensitivity, affects a significant portion 
of the adult population and can considerably alter the quality of life of the patient. Therefore, it is vital to analyze 
and evaluate the potential treatment modalities for improving the overall patient health. 
Aim/objective:  To evaluate the efficacy of milk proteins, biodentine and fluoride containing toothpaste as 
desensitizing agents in the areas of exposed dentin of samples in vitro. 
Methods: A total of 60 longitudinal sections of periodontal compromised extracted teeth were taken. Each sample 
underwent acid etching in the area of CEJ. These were then segregated into 3 groups of 20 samples each, followed by 
the application of milk proteins, biodentine and fluoride containing toothpaste respectively. A comparative analysis of 
their grain size was made under a scanning electron microscope. 
Results: The grain size of the samples treated with milk proteins was found to be 1.46 +/- 0.11, followed by 1.90 
+/- 0.12 in samples of biodentine and 3.02 +/- 0.38 in the samples of sensodyne in micrometers.  
Conclusion: All the above mentioned materials were found to be effective desensitizing agents. The milk proteins 
being the most effective followed by biodentine and fluoride containing toothpaste, respectively. 
Keywords: Dentinal hypersensitivity, scanning electron microscope, Desensitizing Agents. 
 
INTRODUCTION 
Dentinal hypersensitivity is a common problem faced by individuals typically in the second to sixth decade 
of adult life.(1) With a multifactorial etiology, it is clinically observed as acute pain stemming from 
disturbance in the A Delta nerve fibers of the dentin and their tubules due to chemical, thermal, osmotic, 
evaporative or tactile triggers.(3) Dentin hypersensitivity manifests as pain or as an increased sensitivity in 
the dentin.(4) Five distinct mechanisms have been suggested to account for dentinal sensitivity: the classic 
hydrodynamic theory, which involves fluid movement in the tubules; direct innervation of the dentinal 
tubules; neuroplasticity and the sensitization of nociceptors; odontoblasts functioning as sensory 
receptors; and algoneurons, which are involved in pain transmission.The hydrodynamic theory by 
Brannstrom et al explains the mechanism of dentinal hypersensitivity.(5) It explains the movement of the 
fluid present in the dentinal tubules in response to a stimulus. The fluid movement creates pressure in 
the surrounding neurons, thereby causing hypersensitivity or pain.(6) Current treatments modalities 
based on this theory, aim to occlude open dentinal tubules either partially or completely and inhibit the 
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activity of dentinal neurons. As the sensitivity sets in, the pulp becomes susceptible to irritation, suggesting 
a need to address not only dentinal permeability but also the neural component.(7) Various treatments 
including cavity varnishes, calcium compounds, fluoride based interventions and lasers have been 
attempted to alleviate dentinal hypersensitivity.(8) However, while effective in relieving dentinal 
hypersensitivity they present challenges since dentinal tubules are fragile against tooth erosion and 
abrasion.(9) The primary challenge remains finding a biocompatible material that prevents pain with 
prolonged results.(10)Among professionally employed treatment modalities, CPP-ACP i.e., Casein 
phosphopeptide–amorphous calcium phosphate complexes are used in patients with dentinal 
hypersensitivity.(11) CPP-ACP is a calcium and phosphate based remineralising agent present in GC 
Tooth Mousse. It works by forming mineral precipitates containing appetite by infusing calcium and 
phosphate ions in the tooth surfaces with pellicle and plaque.(12)However, the fluoride containing 
toothpaste viz., Sensodyne, Colgate sensitive pro relief, etc which has fluoride ions as its main ingredient 
forms a compound called fluorapatite which is more resistant to sensitivity than the naturally occurring 
hydroxyapatite.Whereas, biodentine contains tricalcium silicate and calcium carbonate which possess 
desensitizing properties.(13) The mechanism of action involves the hydration process of calcium silicate 
based cement thereby releasing calcium hydroxide, leading to the formation of biological appetite in the 
presence of phosphate containing fluids.(14)Therefore, our study aims to assess and compare the efficacy 
of various desensitizing agents in reducing dentinal hypersensitivity using scanning electron microscope 
in samples in vitro. The scanning electron microscope shows highly magnified images of dentinal tubules 
of the samples being studied. The grain size in the SEM analysis is evaluated to check for the efficacy of 
the materials used. The greater the grain size, lesser the occlusion of the dentinal tubules hence, lesser is 
the efficacy of the material used. Therefore, a comparative analysis is crucial to determine their capacity 
to seal the dentinal tubules effectively and vital in improving the overall health of the patient. 
 
MATERIALS AND METHODS 
The approval of the ethics committee of the institution was taken before the beginning of the study. A 
total number of 60 periodontally compromised, extracted teeth were collected followed by the 
longitudinal sectioning of each tooth sample according to the protocols set by the ethics committee of 
the institution.The mounting of each sample was done on a metal stub or holder. These samples then 
underwent acid etching by 37% phosphoric acid gel, followed by distilled water rinse and drying. These 
60 samples were then segregated into three categories of 20 samples each followed by the application of 
the materials with the help of a cotton pellet in a brushing stroke action. A small amount of Calcium 
containing silicates and carbonates (biodentineR) was mixed with one drop of its liquid counterpart and 
applied on the first 20 samples successively. The material was then left undisturbed for 12 minutes in 
order to set. This was followed by the application of Casein phosphopeptide–amorphous calcium 
phosphate complexes (GC Tooth MousseR) the next 20 samples, each of which was then washed after a 
3 minutes application and air dried. The fluoride containing toothpaste (sensodyneR) was applied on the 
remaining samples for 10 minutes and then washed and air dried.Each of these samples was then studied 
with the help of a scanning electron microscope. The magnification was set on 5.00 K X for all the samples 
under study. 
 
RESULTS 
All the materials used in this study showed a decrease in the number as well as the grain size of the samples 
as studied under SEM. The results were as follows -  
In terms of the grain size seen in the scanning electron microscope images - the smallest of grain size was 
seen in the samples of Casein phosphopeptide–amorphous calcium phosphate complexes with the mean 
value as 1.46+/- 0.17, followed by 1.90 +/- 0.12 in samples of Calcium containing silicates and carbonates 
and 3.02 +/- 0.38 in samples of fluoride containing toothpaste, respectively. 
Table 1: Comparative Evaluation of Efficacy of Milk Proteins, Biodentine, Fluoride Containing 
Toothpaste 

  N Mean 
95% Confidence 
Interval for Mean 

Minimu
m 

Maximu
m 
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Std. 
Deviatio
n 

Lower 
Bound 

Upper 
Bound 

P value 

SENSODYNE 20 3.0295 .38802 2.8479 3.2111 2.18 3.65 0.001*
, sig BIODENTIN

E 
20 1.9005 .12580 1.8416 1.9594 1.65 2.05 

GC TOOTH 
MOUSSE 

20 1.4670 .17226 1.3864 1.5476 1.20 1.75 

 

The grain size was maximum for Sensodyne, then biodentine and least in GC tooth moose. 
On comparison using one-way Anova test, significant difference was seen among all three groups. 
On pair wise comparison, significant difference was seen between group a and group b 
group a and group c 
group b and group c 
Graph 1: Comparative Evaluation of Efficacy of Milk Proteins, Biodentine, Fluoride Containing 
Toothpaste 
(I) group (J)  group Mean 

Difference (I-J) 
Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

SENSODYNE 

BIODENTIN
E 

1.12900* .08084 .000 .9345 1.3235 

GC TOOTH 
MOUSSE 

1.56250* .08084 .000 1.3680 1.7570 

BIODENTIN
E 

GC TOOTH 
MOUSSE 

.43350* .08084 .000 .2390 .6280 

*. The mean difference is significant at the 0.05 level. 
 
 
 
 
 
 
 
 
 
 
 
                       Figure 1. Figure 2. 
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                   Figure 3. Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  Figure 5. 
 
DISCUSSION  
Dentinal hypersensitivity, characterized by acute, transient pain originating from exposed dentin in 
response to various stimuli is often misdiagnosed. This discomfort can substantially affect a patient's 
quality of life, causing significant distress.(15) The pathophysiology of dentinal hypersensitivity is 
intricately linked to the exposure of dentinal tubules, which often results from mechanical wear, dietary 
habits, or gingival recession from periodontal disease. The hydrodynamic theory says that external stimuli 
cause a rapid movement of fluid within the dentinal tubules. This fluid movement creates pressure 
changes that stimulate the mechanoreceptors within the dental pulp, leading to the perception of 
pain.(16) In clinical practice, addressing dentinal hypersensitivity involves a comprehensive approach that 
includes identifying and mitigating the underlying causes, such as reinforcing oral hygiene practices to 
prevent enamel erosion and managing periodontal health to prevent gingival recession.(10) Additionally, 
treatment strategies may involve the application of desensitizing agents that occlude the dentinal tubules 
to reduce fluid movement. A thorough understanding of both the etiology and the management of 
dentinal hypersensitivity is essential for effective patient care.(16)Therefore, this study was designed to 
examine the bioactive properties of potential desensitization agents to reduce dentin hypersensitivity. The 
literature regarding the effectiveness of GC Tooth MousseR isn’t scarce and like the other researches done 
prior to this one, it has proven to be a good desensitizing agent in our research as well. When the grain 
size was studied in the scanning electron microscope, it was found to be comparatively the least among 
all study groups. The less the grain size, more is the occlusion of the dentinal tubules hence, more is the 
efficacy of the material used. According to a study done by P Ratnakar, Kasturi A Biradar, Veerendra 
Patil, Surabh G Rairam, Supriya Patil, Sangeeta Kulkarni on Influence of three different types of 
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desensitizing agents on bond strength of etch-and-rinse and self-etch adhesive system on dentin: An in 
vitro study in 2023, also stated that the occlusion of dentinal tubules was more deeply rooted.(17) This 
might be as a result of the action of CPP-ACP, which releases Ca2+and PO4

3−to maintain a supersaturated 
environment and obturate dentinal tubules with remineralized dentin.The GC Tooth Mousse has Casein 
phosphopeptide–amorphous calcium phosphate complexes (CPP–ACP), a milk product which helps in 
remineralization and prevents dental caries. Casein phosphopeptide can deliver amorphous calcium 
phosphate and can also help the ACP to bind with the dental enamel. It works by forming mineral 
precipitates containing fluorapatite by infusing calcium and phosphate ions in the tooth surfaces with 
pellicle and plaque.(1) Hence, GC Tooth Mousse is indeed a potential desensitization agent and can 
reduce dentin permeability. BiodentineR is a calcium-based silicate cement that studies suggest may 
occlude dentinal tubules with stable, acid-resistant calcium phosphate deposits.( In our research, the 
images from the SEM analysis have shown partial occlusion of dentinal tubules. The grain size seen in 
the images from SEM analysis is relatively larger than those seen in the cases of GC Tooth Mousse but 
smaller than the ones seen in the cases of fluoride containing toothpaste. The tricalcium silicate and 
calcium carbonate present in the biodentine possess desensitizing properties. The hydration process of 
calcium silicate based cement leads to the release of calcium hydroxide and consequently, the formation 
of biological appetite in the presence of phosphate containing fluids. The remineralising properties of 
biodentine have shown to considerably reduce the dentin permeability. According to a study by Melina 
Brizuela; Joseph O. Daley on Dental Materials: Biodentine, a Calcium Silicate Bioactive 
 In 2024, the research also indicated that Biodentine adapts well to dentine due to micromechanical 
adhesion.(18)The fluoride containing toothpaste i.e., SensodyneR also has desensitizing properties. 
According to a study by Meng Yang, Hong Lin, Ruodan Jiang, Gang Zheng on Effects of desensitizing 
toothpastes on the permeability of dentin after different brushing times: An in vitro study in 2016, 
Sensodyne Repair and Protect (calcium sodium phosphosilicate) reduced dentin permeability significantly 
compared with continuous brushing.(19) The fluoride ion binds with the appetite crystals to form 
fluorapatite which in turn is more resistant to sensitivity than the naturally occurring hydroxyapatite 
crystals. The images obtained from SEM for this study group showed the largest grain size of all three 
study groups i.e., it was the least effective desensitizing agent of all.  
 
CONCLUSION 
According to the SEM/EDX analysis, all the materials used in the study were able to show potential 
desensitizing properties. Sendodyne being the least effective of all followed by biodentine in the increasing 
order of their efficacy as desensitizing agents. GC Tooth Mousse however, gave the best results of all. 
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