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ABSTRACT 

Introduction & Objective:Increased clinical dentin hypersensitivity is seen among 30-40-year-olds. This complication is 

directly related to the size of the dentinal tubules. Therefore, considering the importance of dental sensitivity control and 

finding newer and more mundane ways to control it. The purpose of this study was to investigate the effect of bioglass 45 s5 

and calcium oxalate (gluma) for covering the dentinal tubules in dental sensitivity.  

Methods: This experimental and laboratory study was conducted at the Army Dentistry School in 2019, after obtaining 

permission from the Ethics Committee of the Army Medical University. For this study, 45 premolar and healthy molars 

were collected from the surgery department of the Army Dentistry School. The teeth lacked any restorations, caries, or 

cracks. Samples were randomly assigned into three equal groups using the random numbers table. A group was treated with 

bioglass, a group treated with gluma (calcium oxalate), and a group was as the control group. After collecting data from the 

samples using a questionnaire, the information was encrypted and entered into the computer. Then, using SPSS software, 

one-way analysis of variance was used to analyze the data. Normality analysis of the mean distribution was performed using 

the Kolmogorov-Smirnov test. In all tests, the significance level was considered to be 0.05.  

Results: Both gluma and bioglass materials wereeffective and significantly  fillupDentin tubules more than  control group 

thus can effectively reduce dental sensitivity. On the other hand, the results showed that Bioglass is significantly more 

effective than gluma. It causes dentinal tubules to fill up. So, in SEM images, Bioglass in few samples closed all dentin 

tubules; therefore, it seems to be more effective in reducing dental sensitivity.  

Conclusion: According to our results, both bivalve cells and gluma had a significant effect in dentin tubules compared to 

the control group. In addition, Bioglez is a more effective anti-allergic agent than gluma. 
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Introduction 
 

Dental sensitivities are one of the most common dental problems that are often caused by the presence of ducts 

(tubules) in the dentins. In normal conditions, dentin is covered by enamel and cement and is not affected by stimuli. 

It occurs only when facing with peripheral nerve terminals in dentinal tubules, known as dentin hypersensitivity. 

This sensitivity is specified by short and spasmodic pain due to thermal or chemical stimulation (osmotic) or tactile 

stimulation (1), and it cannot be attributed to any other pathology (2). The increased dentinal hypersensitivity is 

more common among people aged 30-40 years and its maximum prevalence is in the third decade of life (3, 4). The 

prevalence of the problem is among 4-73% of normal individuals and 60-98% of periodontal patients (5-8). The 

difference in the prevalence may be due to different diagnostic methods (9). The prevalence of dental 

hypersensitivity (DH) is more common after periodontal treatments and it is between 72.5% and 98% (10). The 

prevalence is higher in women than in men, apparently due to better care and more treatment apply for women (3, 

11, and 12). The increased sensitivity is mostly observed in the buccal area of the permanent teeth, and it is more 

prevalent in canines, first premolar, incisors, second premolars, and molars. The pain caused by dentinal sensitivity 

is sharp, localized, and short-term (6, 13). Sensitive dentin is associated with the oral environment due to one or both 

mechanisms of the enamel removal and exposure to the root surface or loss of cement covering and periodontal 

tissues (14, 15). The gingival reduction is the most common clinical cause of exposure to dentinal tubules (4). There 

are two theories in the case of dentinal hypersensitivity. The first theory expresses that the cause is neural structures 

in dentinal tubules and peripheral odontoblasts and processes in them (16). The second theory (hydrodynamic 

theory) states that the change in the fluid flow of dentinal tubules, as well as the indirect stimulation of pulpal neural 

terminals, is the reason for sensitivity while the decreased number or diameter of open dentinal tubules results in 

increased dentin hypersensitivity (6, 17). The stimulated nerves are indeed the δA neuronal fibers located in the 
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dentinal tubules (18). The activity of these nerves depends on the openness or closure of dentinal tubules. DH is 

directly associated with the size of the dentinal tubules (2). The fundamental factor in DH generation is the absence 

of enamel or cement on the root surface and dentin exposure (19). Thus, the cervical area of the teeth is the most 

common hypersensitive area (2). In order to detect DH, a probe or airway puar can be used to stimulate the patient’s 

response (22). There are often two general clinical guidelines to reduce dental hypersensitivity; first, reducing the 

ability of the pulpal nerves in responding to dentinal fluid changes, and the other reducing the stimuli of the motion 

of dentin fluid through reducing dentinal penetrability (16). To this end, various materials such as silver nitrate, 

stannous fluoride, sodium fluoride, calcium oxalate, and resins and strontium chloride are used to cover the open 

dentinal tubules (17). Plaque control is a very significant factor in controlling dentinal sensitivity. The presence or 

absence of plaque in the opening of the dentinal tubules is very effective. Kawasaki’s study (2001) revealed that 

when the plaque control plan was removed, the diameter of dentinal tubules enhanced by three times their original 

size over three weeks, and when the plaque was controlled, the diameter of these tubules decreased to 20% of their 

initial diameter within one week (21. In recent years, these sensitivities have become more prevalent with an 

increased desire for long-term maintenance of teeth, and they may occur at any age and in both genders (23, 24).  

No study has been so far presented that is able to provide an ideal treatment satisfying 100% of patients. This is 

because of problems in the method of standardization of the stimuli and their response, undermining a very precise 

study. Of course, various treatments have been recommended, such as dietary recommendations, proper brushing 

training, occlusion adjustment, use of adhesive systems, adhesive restorations, use of anti-allergic products and salts 

like potassium ions, oxalate, and sodium fluoride, the use of low and high power lasers for DH therapy (21). 

Available materials to treat dental hypersensitivity include those affecting nerves such as potassium nitrate and 

dentinal tubular blockers, including ions, salts containing stannous fluoride, sodium fluoride/stannous fluoride 

combination, potassium oxalate, ferrous oxide, strontium chloride, amino acids/proteins, such as glutaraldehyde, 

resins, like dentin sealers and methyl methacrylate (25). Gluma desensitizer is a combination of glutaraldehyde and 

(Hydroxyethyl)methacrylateGlutaraldehyde causes the coagulation of proteins and amino acids within the tubules 

and, also, it is an effective disinfectant. Furthermore, HEMA can be effective in the closure of dentinal tubules. 

Gluma desensitizer has no interference in adhesion to dentinal structures; however, its drawback is that due to the 

presence of glutaraldehyde, it leads to injury to the gum after long-term contacting with it and, due to the presence of 

HEMA, it can cause contact dermatitis, and, it incidentally has the ability piercing of latex gloves (23, 25). Thus, we 

should note to its use and it is better to use Rubber Dam (26). Meanwhile, this substance is soluble in water, resulting 

in its deep penetration in the dentinal tubules. The effect of this substance is reversible, it gradually loses its effect, 

and dentinal tubules will reopen (23). In 2005, Pamir et al. compared the three materials of potassium nitrate 5%, 

sodium fluoride 2%, and Pop L prompt, and concluded that the temperature stimulants cause the patients’ discomfort 

more than mechanical stimuli and all three anti-susceptibility substances significantly decreased patients’ discomfort 

against both temperature stimuli and mechanical stimuli (27). In 2003, Ferechoso Cuesta et al. performed a research, 

compared 5% and 10% potassium nitrate gel, and concluded that the 10% concentration of the mentioned material 

shows more reduced sensitivity after 48 hours and the difference between the effects of two concentrations of the 

substance after 96 hours was greatly increased. Meanwhile, they concluded that the durability of the effect of 

potassium nitrate gel is obviously 10% until four days (28) (29). In 2002, William Lockart carried out a research in 

which he used an ultra-high-speed device with air coolant to cut the teeth (28-30). Meanwhile, after cutting the teeth, 

they were stained with stannous fluoride (this substance is an antisusceptibility material, itself) with cotton (1, 23), 

and concluded that none of the samples experienced pulpal necrosis based on radiography evidence and no clinical 

symptoms was observed (100% success) (29, 30). It should be noted that, given the available papers, stannous 

fluoride itself is an interfering agent in decreasing dental hypersensitivity and, consequently, his findings cannot be 

documented so much. Pereira et al. (2002) compared the gluma and the oxagel on a pulled third molar tooth that had 

been cut and divided into four quadrants. In this investigation, electron microscopy (SEM) was used and it was 

concluded that both materials produced defective tubular obstruction. After etching the surfaces on which these 

materials were used, they observed that the etched surface on which the oxagel was used was like the untreated 

surface, but the etched surface, on which the gluma was used still had a defective obstruction (30). In 2000, Niazi 

compared the three pain-free, super seal, and gluma materials in reducing the sensitivity of the cut teeth, and 

concluded that all these substances reduced the sensitivity of the teeth, and the pain-free substance with the base of 

oxalic acid had less effect on reducing sensitivity to the cold stimulus (31).  

The most important point in treatment is the selection of biologically active substances in the body with the ability to 

form stable bone marrow. Bioactivity may be defined as the ability of the material to form a solid structure in 

biological environments (32). Bioactive glass has mechanical specifications and high biocompatibility. Although 
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some studies indicate that due to the high thermal expansion coefficient of the bioactive glass and the tendency of 

these materials to crystallize during the heating process, they cannot be used alone as coatings for metal implants 

(33, 34). Bioactive glasses are one of the widely used biomaterials produced in 1969 by Hench et al. (35, 36). They 

are silicates, including sodium oxide, calcium, and phosphate, which, due to their ability to bind to soft and firm 

tissues of the body, are considered as one of the most important biomaterials used in medicine and dentistry for 

applications such as bone defect repair and jaw and facial renewal (37-39). It is noteworthy that the results of 

experiments on biocompatibility and the amount of formation of hydroxyapatite layer in such glasses showed that 

with the S45 compound, the bioactive glass has more bioactivity than the two 49S and 58S compounds (40).  

Given the new application of bioactive glass in dentistry, as well as the necessity of identifying the clinical and 

laboratory effects of this substance in the treatment of dental sensitivities and the requirement of comparing its 

effects with highly functional substances like routine gluma, and considering the importance of dental 

hypersensitivity control and finding newer and more effective methods for controlling it, the present study aimed at 

investigating the effect of bioactive glass 45S5 and calcium oxalate on coating the dentinal tubules in dental 

hypersensitivity.  

Method and Material 

In this experimental and laboratory study conducted in Army Dentistry School in 2019, given the similar paper (41, 

42), 45 healthy premolar and molar teeth pulled in the surgery department of the Army Dentistry School were 

collected. Considering the significance level of 5% and the test power of 80% and 0, and in order to achieve a 

minimum difference of 1%, and given the standard deviation of 65 points in the average rank of blocked dentinal 

tubules, 15 samples are needed in each group. Thus, the total number of samples was 45.  

The teeth lacked any restorations, caries, or cracks. They were cleaned after being pulled and disinfected in the 

chloramine solution for 24 hours. The enamel of the teeth in the occlusal area was about 1 mm from the central fossa 

(measured by a graded probe) with a brown rough diamond disk (France, Bisico Co.) in order to make the dentine 

surface smooth for exposing; then, each of the samples was etched with 37% phosphoric gel (China, Dentex Co.) 

first, 15 seconds for dentin and 30 seconds for enamel (by total etching method) to open dentinal tubules (creating 

dental hypersensitivity conditions). Then, they were washed with distilled water for 30 seconds and were randomly 

divided into three equal groups using a random number table. A group was treated with bioglass, one group was 

treated with Gluma (calcium oxalate) and one group was the control group. The control group was maintained in 

distilled water unmodified until the end of the treatment. In the first group (bioglass group), the samples were 

brushed for 30 seconds a day and for 30 days with bioglass solution (containing nanoparticles made by Apatak Co., 

Yazd, Iran). After being brushed (using a medium-size micro-brush pen made by Panavia Co.) for 30 seconds, the air 

was mildly flushed from the distance of 20 cm to the occlusal surface of the tooth by the airway puar. For the second 

group (calcium oxalate group), just like the first group, the samples were stained with calcium oxalate (gluma 

produced by Kulzer Co., Germany). After the end of treatment, all three groups were sent to the laboratory (Lab 

FE_SEM Oil Institute of the University of Tehran) to evaluate the status of the dentinal tubules. The samples were 

mounted on a certain aluminum component, and the gold coating was conducted by a special vacuum device. Then, 

the micrographs were extracted from the components by an electron microscope with a magnification of 4500. The 

obtained micrographs were separately evaluated by two researchers. The Hulsmann index was ranked as follows (32, 

33, 42).  

Score 1- All dentinal tubules are open.  

Score 2- More than 50% of dentinal tubules are open.  

Score 3- Less than 50% of dentinal tubules are open.  

Score 4- Almost all tubules are covered.  

Any group that has covered more dentinal tubules than the control group has more ability to eliminate the sensitivity 

of the teeth. The data were collected from the studied sample by observation, and encoded and entered into the 

computer. They were then analyzed by SPSS software using one-way ANOVA. The assessment of the normality of 

means distribution was performed using the Kolmogorov-Smirnov test. In all tests, the significance level was 

considered 0.05.  
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Findings 

According to the findings of the present study, the mean scores of the closure of tubules in the studied groups were 

statistically significant (Table 1). In addition, the mean scores of the closure of tubules in both groups of bioglass 

and gluma were higher than the control group and this difference was statistically significant. The mean of the 

closure of tubules in the bioglass group (fig 1)was higher than that of the gluma group(fig 2), and this difference was 

statistically significant, too (Table 2 and fig 3).  

 

 

 

Fig 1) Distribution of tubules closure score in 

 Fig 2) Distribution of tubules closure score 

the bioglass group in the gluma group  

 

 
Figure 3: Comparison of the distribution of the score of the closure of tubules in the studied groups 
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Table 1: Comparison of the average score of tubules closure in one-way test (ANOVA). 

P-value F Squares of average  

0/001 44/36 
12/6 Comparison between groups 

0/284 Intragroup comparison 

 

 

Table 2 : The difference between the average closure of tubules in the LSD post hoc test 

95% 

confidence 

interval 

95% 

confidence 

interval  

P value Standard 

error 
Differences 

in average  
Group J GroupI 

Upper 

bond  
Down 

bond 
1/5- -2/2 0/005 0/19 -1/83 Bioglass Control  

-0/5 -3/3 0/005 0/19 -0/9 Gluma 

2/2 1/5 0/005 0/19 1/83 control Bioglass 

1/3 0/5 0/005 0/19 0/93 gluma 

1/3 0/5 0/005 0/19 0/9 control gluma 

-0/5 -1/3 0/005 0/19 -0/93 Bioglass 

 

 

SEM microscope images from control group samples 

SEM microscope images from bioglass group samples 
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SEM microscope images from gluma group samples  

Discussion     

Increased dental hypersensitivity is characterized by sharp, temporary, and short pain of the naked dentin is 

characterized in response to thermal stimulation, drying, touching, stimulating, or chemical agents (43-45). Dental 

susceptibility is one of the most common and, at the same time, the most painful dental diseases. About 8.9% to 15% 

of adults in the European population suffer from this disease and it is equally distributed between men and women, 

having a direct association with age (43). Increased dental hypersensitivity has been observed in more than 40 

million people in the United States (46). Materials available for the treatment of dental hypersensitivity include 

nerve-affecting agents such as potassium nitrate and dentinal tubular blockers, including ions and salts such as 

stannous fluoride, sodium fluoride/stannous fluoride, potassium oxalate, ferrous oxide, strontium chloride, amino 

acids/proteins, such as glutaraldehyde, resins such as dentin sealers and methyl methacrylate (46, 47). The present 

study aimed at determining the effect of bioactive glass 45S5 and calcium oxalate on the dentinal tubular coating in 

dental hypersensitivity. In the present study, the comparison and assessment of the filling status of dentinal tubules 

in the three groups revealed that both gluma and bioglass substances were able to effectively and significantly fill the 

dentinal tubules. Hence, they can effectively reduce dental hypersensitivity. On the other hand, the results of this 

study showed that bioglass was more effective and significant than gluma in filling the dentinal tubules, so that in 

SEM images of bioglass, in several samples, nearly all dentinal tubules were closed; hence, it seems to be a more 

effective substance in reducing dental hypersensitivity.  

In this study, calcium oxalate (gluma) and bioglass 45S5 (the newest bioglass produced by the knowledge-based 

method) was used. The reason for selecting them is that calcium oxalate is one of the most commonly used 

antiallergic substances extensively used in toothpaste, and bioglass has been used since today, dentistry and 

medicine increasingly use biologic agents (biocompatible). In their study, Felton et al. recognized that gluma had no 

significant effect on dental hypersensitivity decrease compared to the control group, and therefore their results 

revealed that gluma had no significant effect on dental hypersensitivity (48). This finding was not in line with the 

results of the present study. However, Schupbach et al. found that the use of gluma could effectively decrease dental 

hypersensitivity that is consistent with our study. Bergenholtz et al. also proved the positive effect of gluma on 

dental coating and decreased dental hypersensitivity in their study (49). Furthermore, in the study of Ishihata et al., 

gluma had a significant effect on the tooth surface coating (50). Hence, most existing studies agree with the result of 

the present study confirming the effectiveness of the gluma in reducing dental hypersensitivity. The mechanism of 

this effect is on the filling of dentinal tubules and coating the tooth surface, mentioned in the findings of the above 

studies.  

Concerning bioglass (bioactive glass), researchers believe that if the release of silicon, calcium, and phosphorus 

elements is within a certain range, the bioglass is able to activate genes, inducing osteogenic differentiation of bone 

cells and stimulating tissue formation (51). The performance and positive effects of some of these rare elements on 

the metabolism and bone tissue activity are such that some researchers have tended to use the single and separate use 

of these elements in bone defect restoration. For instance, in a recent study, the positive effect of strontium on bone 

tissue growth and repair has been proven in INVIVO tests (52). The duty and function of all rare elements in bone 

metabolism are available in the documentation (53). Since bioglass is a foreign agent different from the host bone, it 

does not initially receive an appropriate response from the immune system. In other words, there is no tendency by 

bone cells and intermediate proteins to be absorbed into bioglass (54). Again, on the other hand, bioglass will 

significantly contribute to the growth and activity of bone cells and repair bone lesion in host bone through releasing 

calcium and phosphorus ions in the surrounding environment (55) .Bioglass is known as a biomarker with high 
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ability of bone formation induction and it has a different bioactive mechanism from other bio-ceramics similar to it 

(56). Given the above, it can be concluded that bioglass is the factor for movement and absorption of cells towards 

the implant and an effective factor in the growth, activity and proliferation of cells. Consequently, the biofunction of 

this mixture (bioglass) is a combination of the best conductivity and bone induction, and its performance will be 

higher than the biological performance of each of all its components. Due to their weak mechanical specifications, 

bioglasses have many limitations in under load positions in the body (such as the occlusal surface of the teeth). 

Furthermore, the adhesion of bioactive glasses (bioglass) to the ground is low and they are resolved in the body over 

time. Accordingly, bioactive glasses are often prepared and used along with another solid material (57, 58).  

In addition to the above studies, several researches have emphasized the effectiveness of the use of bioglasses in 

bone repair and restoration, as well as its strength enhancement. In the study of Vano et al., the addition of bioglass 

to toothpaste and mouthwash caused the blockage of dentinal tubules and reduced dental hypersensitivity (59). 

Moreover, the findings of the present study were in line with the results of the study by Hill et al. in 2015 who 

compared the ability of mouthwashes containing Nano-hydroxyapatite in closing the dentinal tubules compared to 

some commonly used anti-sensory mouthwashes (60). Xia et al. also studied the effect of bioactive particles on the 

treatment of dentinal hypersensitivity. In their study, the paste containing substitutive bioactive strontium particles of 

calcium phosphate was used on the parts prepared from the pulled molars compared to the paste containing bioactive 

particles-free carboxymethyl cellulose as the control group. Their study revealed that after three days of brushing 

with a paste containing bioactive particles, some of the tubules were blocked, and after seven days, the surface of the 

tubules was completely covered by an apatite layer that is in line with our study, although we did not have the 

possibility of analyzing ourselves at different times (61). Moreover, the positive results of using bioglass in reducing 

dental hypersensitivities were found in the results of Wang et al. (62), Jung et al. (63), Välimaa et al. (64), Gillam et 

al. (65), Tirapelli et al. (66), Wang et al. (67), Zhong et al. (68), Wang et al. (69), Litkowski et al. (70), Sauro et al. 

(71), Farmakis et al. (72), West et al. (73) Ma et al. (74), Bakry et al. (75), Jena et al. (76) and Mitchell et al. (77). 

Furthermore, the positive effect of bioactive glass 45S5 studied in this study has been confirmed and emphasized in 

the reduction of dental hypersensitivity in recent and valid studies and all of them have confirmed the results of this 

study. Among them, we can refer to the studies of Bakry et al. (78), Jones et al (79), Deng et al. (80), Bakry et al. 

(81), and Mehrvarzfar et al. in Iran (82). Thus, most existing studies also emphasize the role of bioglasses, in 

particular in dental hypersensitivity reduction, and they believe that the mechanism of the effect of these materials is 

the remineralization, tubular filling, and tooth and dentin surface coatings. Hence, they can be used as an effective 

substance to reduce dental hypersensitivity in toothpastes, saliva gel, and mouthwashes (69, 70, 73, 76). In addition 

to the above, some studies also emphasize the antimicrobial and, consequently, anti-decay specifications of 

bioglasses. Among them the study by Jung et al. (83) may be referred to.  

According to the results of this study, given that the mean calcium oxalate score in Hulsmann analysis is 1.9, it is 

estimated that oxalate is not able to block more than 50% of dentinal tubules, and this conclusion is in line with the 

findings of different studies on the treatment of patients with calcium oxalate, so that after the treatment of patients 

with gluma, their hypersensitivity is usually reduced to a small extent, and their pain relapses over time. This may be 

because the effect of the gluma is only mechanical, while bioglassbioactively penetrates inside the dentinal tubules 

and stimulate the dentin-formation. This statement of us is in line with the results of the study by Xia et al., 

indicating that the bioglass effect is increased over time and this can be a reason for the significant difference 

between bioglass and calcium oxalate (61).  

Conclusion 

According to our results, both bioglass and gluma substances had a significant effect on the rate of filling of the 

dentinal tubules compared to the control group, and there was a significant difference between the bioglass and the 

gluma so that the bioglass blocks more dentinal tubules.  

Recommendations 

Based on the results of the statistical studies, both bioglass and gluma lead to effective filling of dentinal tubules; 

therefore, they showed a significant decrease in hypersensitivity. Nevertheless, the bioglass has exhibited more 

ability in the closure of dentinal tubules and it was more effective. Hence, these compounds may be used in 

toothpaste and mouthwashes to reduce dental hypersensitivity. It seems that the use of bioglass combination can 
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increase the micro-hardness and remineralization of the teeth. Meanwhile, there are concerns about the formation of 

hypoplastic spots after excessive consuming or swallowing the fluoride-containing toothpaste. Hence, the use of 

bioglass or gluma for the prevention of dental caries in children and adults seems to be a good recommendation and 

address the existing concerns about hypoplastic spots and other complications. It is recommended to carry out this 

project in vivo on patients and assess the long-term durability of the treatment. It is also recommended to use 

bioglass as the antiallergenic substance to substitute the dentin-bonding agents under composite restorations. 
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