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Efficacy of Chitosan in Reducing Tooth Sensitivity Induced by In-Office Bleaching: A Randomized, Double-Blind, Controlled Clinical Trial
ABSTRACT

	Aims: To evaluate the effect of incorporating chitosan microparticles into a commercial desensitizing agent on tooth sensitivity during and after in-office bleaching procedures. Study design:  Randomized, controlled, double-blind clinical trial.
Place and Duration of Study: Department of Restorative Dentistry of State University of West Paraná (UNIOESTE), between June and December 2017.
Methodology: Forty-two patients were selected and randomly assigned to two groups (n = 21 each). The DKF group received only a commercial desensitizing agent, while the DKF + CHI group received the same agent combined with chitosan microparticles. In both groups, 35% hydrogen peroxide was used for in-office bleaching on the upper arch. The desensitizing gel was applied for 10 minutes prior to bleaching. Tooth sensitivity was self-reported by patients using a visual analog scale at 5-minute intervals during bleaching (up to 45 minutes) and at 1, 24, and 48 hours post-procedure. Color change was evaluated at baseline and after 7 days. The Mann–Whitney U test was used for statistical analysis (P < 0.05).
Results: The DKF + CHI group reported significantly lower sensitivity levels than the DKF group at 35, 40, and 45 minutes during the procedure, and at 60 minutes post-treatment (p < 0.05). The probability of pain occurrence was markedly reduced in the group treated with chitosan, supporting its potential effectiveness as a desensitizing adjunct in clinical bleaching protocols. No statistically significant differences were observed between the groups regarding bleaching effectiveness.
Conclusion: The incorporation of chitosan microparticles into the desensitizing agent effectively reduces tooth sensitivity associated with in-office bleaching procedures, without compromising the bleaching outcome.
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1. INTRODUCTION 

The most frequently observed side effect during and after tooth bleaching is hypersensitivity, present in up to 65% of patients undergoing this treatment [1]. This reaction is most commonly related to the in-office bleaching technique, probably due to the high concentration of hydrogen peroxide and the duration of the application. Usually, it is transitory and disappears one or two days after treatment [2]. However, it is a negative effect that can bother patients and make them disrupt the bleaching treatment.

To reduce hypersensitivity, desensitizing agents have been indicated before to apply bleaching gels in the office or during home treatment. Different studies suggest that potassium nitrate and sodium fluoride reduce the hypersensitivity reported by patients and do not affect the treatment results [3-5]. Currently, some compounds called “remineralizers” have been added to the bleaching process to reduce the technique's side effects and, consequently, sensitivity. Remineralizers include casein phosphopeptide-stabilized amorphous calcium phosphate (CPP-ACP) [6] and Chitosan, a remineralizing agent with anti-erosion potential described in studies both in vitro [7-10] and in situ [8, 11, 12]. Derived from chitin [13], Chitosan is the second most abundant natural polysaccharide in nature, after cellulose. In the presence of acid attacks, Chitosan helps reduce mineral tissue loss. This molecule’s remineralizing effect is attributed to its ability to interact electrostatically with the enamel surface and other important agents in the remineralization process, such as salivary proteins and fluoride [7, 12, 14–17]. In this interaction, Chitosan demonstrates the film-forming capability, leading to the formation of deposits on the enamel surface, stabilizing multilayers that are resistant even to subsequent variations in pH [8, 18].

Thus, this study aimed clinically evaluate the action of Chitosan added in one commercial desensitizing agent with potassium nitrate-based desensitizing on tooth sensitivity and bleaching effectiveness during and after tooth bleaching with 35% hydrogen peroxide. The main hypothesis tested was that the remineralizing action of Chitosan decreases sensitivity during and after tooth bleaching without interfering with the degree of whitening.

2. material and methods 

2.1 Ethics approval and protocol registration 

The experimental design followed the Consolidated Standards of Reporting Trials (CONSORT) statement (Sarkis) and was registered in the Brazilian Clinical Trials Registry (RBR-3m4gbs). The study protocol was reviewed and accepted by the Local Ethics Committee on Investigations Involving Human Subjects (CAAE 65609217.0.0000.0107) and was registered (Brazilian Clinical Trials Registry (RBR-3m4gbs) on July 27th, 2020. All patients who met the selection criteria were informed of the study's objectives, procedures, risks, and benefits and expressed consent to participate by signing the Terms of Free and Enlightened Consent.

2.2 Trial design, settings and recruitment

This clinical trial, randomized, double-blinded, and parallel, was conducted between June and December 2017. This randomized clinical trial had the following outcomes evaluated: tooth sensitivity and bleaching effectiveness, and the factors of variations were desensitizing agents and times. The participants were recruited through advertisements published in the local community.

2.3 Randomization, allocation concealment and blinding

This controlled clinical trial had an equal allocation rate to the groups. Simple randomization was performed using an open access online system (GraphPad.com - https://www.graphpad.com/quickcalcs/randomize1.cfm) by a third person not involved in the implementation and evaluation steps. During the application of the desensitizing gel, the patient and the evaluator did not know to which experimental group each patient belonged, not allowing this to interfere with the patient's perception of sensitivity. According to the CONSORT flow diagram, the distribution and dynamics of the groups are shown in Figure 1.
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Fig. 1. CONSORT flow diagram illustrating group allocation and study process

2.4 Eligibility criteria

Patients of both genders, aged between 18 and 40 years, were included. They had good oral and general health status (absence of gingivitis, periodontitis, dental mobility, and diabetes). Additional inclusion criteria were teeth 15 to 25 in the dental arch and free of caries and restorations. The central incisors had an initial color saturation rated as A2 or more in the Vitapan Classical shade guide (Vita Zahnfabrik, Bad Säckingen, Germany). Patients who had already undergone a previous tooth bleaching procedure or had teeth with severe internal discoloration (resulting from tetracycline staining, fluorosis, or endodontic treatment) were not included in the study. Additional exclusion criteria were: active periodontal disease; dental mobility in any degree; uncontrolled caries activity; concurrent orthodontic treatment; mandibular temporal dysfunction; history of adverse reaction to any of the materials used in this study; pregnancy or lactation and patients with teeth in potential conditions for sensitivity (such as gingival recession, exposed dentin, or enamel malformation) [19].

2.5 Study intervention

A draw randomly assigned the participants to two experimental groups (n = 21) according to the desensitizing agent before the bleaching treatment. Table 1 shows the composition of the agents used. In the control group (DKF), 5% potassium nitrate with 2% sodium fluoride (Desensibilize KF, FGM Produtos Odontológicos, Joinville, Brazil) was used; in the test group (DKF + CHI), the same desensitizer was used with added Chitosan microparticles (Sigma-Aldrich, São Paulo, Brazil), obtained by the spray-drying method. For the elaboration of the DKF + CHI group gel, a total of 0.05 g of Chitosan was dispensed in model J10 polystyrene flasks (Injeplast do Brazil, Colombo, Brazil).

Table 1. Composition of the desensitizing agents for control and test groups
	Product
	Trade name
	Composition

	Whitening agent
	Whiteness HP Maxx (FGM Produtos Odontológicos, Joinville, SC, Brazil)
	35% hydrogen peroxide (after mixing of phases)

	Desensitizing agent
	Desensibilize KF (FGM Produtos Odontológicos, Joinville, SC, Brazil)
	5% potassium nitrate + 2% sodium fluoride

	Chitosan microparticles added to the desensitizing agent
	Chitosan — medium molecular weight (Sigma-Aldrich, São Paulo, SP, Brazil)
	5% Chitosan (CAS: 9012-76-4 / DCB: 7267)



This amount was established in a pilot study, which showed that 2% is equivalent to the total amount of gel in a desensitizer tube (2.5 g). The flasks were prepared and weighed using a precision scale, model AB204 (MettlerToledo, Barueri, Brazil). Immediately before the treatment, the content of each 2% desensitizing gel tube (a total of 2.5 g) was dispensed into a J10 flask containing 0.05 g of Chitosan. With the aid of a spatula, the materials were mixed for 40 seconds to obtain a homogeneous mixture and were thus ready for use.

The patients were instructed to brush their teeth using fluoride toothpaste (Colgate Total®, 1400 ppm F, Colgate - Palmolive Company). On the day of treatment, each participant underwent prophylaxis with pumice (SS White, Rio de Janeiro, Brazil) and water, using Robinson’s brush at a counter angle. Then, a lip retractor (Arcflex, FGM Produtos Odontológicos, Joinville, Brazil) was positioned and a photopolymerizable dental dam (Top Dam, FGM Produtos Odontológicos, Joinville, Brazil) was applied to protect the gingival tissues. To blind the study, a second researcher applied the desensitizing agent to the buccal surfaces of the teeth to be whitened (15 to 25) for 10 minutes in both the DFK + CHI and DFK groups. The gels were dispensed evenly on the enamel surface with a micro applicator brush (Cavibrush, FGM Produtos Odontológicos, Joinville, Brazil).

After the recommended time, the desensitizers were rinsed off using wet cotton, water jets, and a suction cannula. The 35% hydrogen peroxide-based bleaching gel (Whiteness HP Maxx, FGM Produtos Odontológicos, Joinville, Brazil) was applied in both groups on the buccal surface of up to the second upper premolars, according to the manufacturer’s recommendations. The gel was used in three successive applications of 15 minutes, with a mean interval of three minutes between applications. During each interval, the gel was removed with cotton and gauze. Rinsing with abundant water was only done at the end of the third application.

2.6 Outcomes

2.6.1 Tooth sensitivity evaluation

Each patient received a form to evaluate the sensitivity experienced by them. This data collection instrument, cited by Kossatz et al. [20], is the scale to record the experienced sensitivity, and is composed of a 0–4 scale in which: 0 — indicates the absence of sensitivity: 1 — mild sensitivity; 2 — moderate sensitivity; 3 — considerable sensitivity; and 4 — severe sensitivity. To make the form easier to understand by the patients, the scale was adapted in this study with the addition of illustrative pictures for each degree of sensitivity. Data were collected every 5 minutes during the entire time the bleaching gel was on the surface of the teeth, for a total of 45 minutes. Patients also evaluated the sensitivity at 1 hour, 24 hours, and 48 hours after the bleaching treatment. All were instructed not to use any analgesic medication; if they did, they should notify the person responsible for the treatment.

2.6.2 Bleaching effectiveness

The color assessments were performed during the bleaching treatment, using the upper central incisors as a reference. An operator, previously calibrated, conducted these using the visual comparison method with the aid of the Vitapan Classical color scale (Vita, Bad Säckingen, Germany). Before the initial application of the bleaching gel and seven days after treatment completion, color assessments were performed. The shade guide was mounted in a sequence of increasing luminosity, from the most luminous shade (B1) to the least luminous (C4). Each shade received a score in this sequence: B1, score 1; A1, score 2; and so on, with A3 being a score of 9. The scores are shown in Table 2.

Table 2. Scores for color assessment

	B1
	A1
	B2
	D2
	A2
	C1
	C2
	D4
	A3
	D3
	B3
	A3,5
	B4
	C3
	A4
	C4

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16



The bleaching effectiveness (∆B) was calculated by the difference between the color assessment initial (∆I) and the color assessment final (∆F), in each patient, according to the following formula:  (1).

2.6.3 Statistical methods

The analysis followed the intent-to-treat protocol and involved all participants, who were randomly divided (Figure 1). The statistician was also blinded to the groups. The sensitivity tooth data reported by the patient and bleaching effectiveness collected in this study were tabulated in a digital spreadsheet (Microsoft Excel Windows 2010) and subsequently analyzed using the Jamovi 2.3.16 software (Project Jamovi). Considering the variables qualitative and independent of this study the Mann–Whitney test was used for intergroup for two outcomes. Descriptive statistics and comparative analysis between the groups were used to analyze demographic data. The MannWhitney test was used for age analysis, and the x2 test was used for gender analysis. At the end of the experiment, a Binomial Logistic Regression (P < 0.05) was applied to compare both groups concerning the chance (odds ratio) of patients to feel pain at all evaluated times. An alpha level of 5% was considered for all analyses.

The sample size calculation was based on probability distributions of the t-test family (Wilcoxon and Mann– Whitney tests for comparison of two groups). The effect size used was 0.8, with a type -1 error (α) of 0.05 and a power (β error) of 0.8, resulting in a total of 42 individuals, or n = 21 per group. The sample size was calculated using the G*Power program, version 3.1.9.2 (University of Düsseldorf, Germany).

3. results and discussion

3.1 Baseline demographic characteristics

Although this study began with 42 patients divided equally into two groups, at the end of the follow-up data could be analyzed for 21 patients divided into groups (Figure 1). Baseline demographic characteristics are summarized in Table 3.

Table 3. Baseline demographic characteristics.
	Groups
	DFK
	DFK + CHI
	P-value

	
	N (%)
	
	

	Feminine
	12 (57.14)
	14 (66.67)
	0.525*

	Masculine
	9 (42.86)
	7 (33.33)
	

	Age, years
	
	
	

	Mean
	21.6
	20.2
	0.331**

	Interval
	18-36
	18-32
	


*X2 test; **Mann-Whitney test

3.2 Intensity of tooth sensitivity

The intergroup comparison over the periods is shown in Table 4. The analysis between the groups with the Mann– Whitney test shows that the test group presented significantly lower sensitivity levels than the control group in the periods of 35, 40, 45, and 60 minutes (p < 0.05). In the other periods studied, there was no statistically significant difference between the groups.

Table 4. Patient-reported tooth sensitivity during and after bleaching treatment: median and interquartile

	Bleaching moment (Mean)

	Group / Statistical test
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min
	45 min
	1h
	24h
	48h

	DFK
	0.0
(0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)
	0.0
(1.0)
	0.0
(1.0)
	1.0 (1.0)
	1.0 (2.0)
	1.0 (1.0)
	1.0 (1.0)
	0.0
(0.0)
	0.0
(0.0)

	DFK + CHI
	0.0 (0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)
	0.0 (0.0)
	0.0
(0.0)

	(P-value)
	1.0
	1.0
	0.7917
	0.1866
	0.1130
	0.0575
	0.0288*
	0.0004*
	<
0.0001*
	< 0.0001*
	0.5800
	0.5973


*Statistically significant differences (P < 0.05).

Figure 2 shows the maximum score of tooth sensitivity reported in both groups over the study time. For the DKF group, the reported pain happened from 20 minutes until 24 hours, wherein the maximum score attained was 04 (severe pain) at 01 and 24 hours. For the DKF + CHI group, the reported pain was 30 minutes until 24 hours, and the maximum score attained was score 1 (mild pain).

[image: ]Fig. 2. Maximum score of patient-reported tooth sensitivity in both groups over the study time

Considering the pain as a dichotomic variable (presence or absence of pain) during all time intervals, a simple binominal logistic regression was performed, which showed that the use of Chitosan significantly impacted the occurrence of pain (χ²= 19.973, p< 0.001, R²N= 0.5196). The Nagelkerke pseudodetermination coefficient (R²N) indicated that the presence or absence of pain during bleaching could be 51.96%, explained by the choice of whether or not to use Chitosan as a desensitizing agent. According to the calculated odds ratio, it can be stated that not using Chitosan as a desensitizing agent increases the chance of feeling pain during or after the bleaching period by 40 times. Odds ratio IC (95%) = 40 (IC 4,4 – 362,32).

3.3 Bleaching effectiveness

The data in Table 5 shows the intergroup comparison of the bleaching effectiveness. There was no statistically significant difference (p > 0.05) in the bleaching effectiveness when comparing DKF and DKF + CHI groups.

Table 5. Medians interquartile deviation and inferential analysis of the bleaching effectiveness intergroup
	Data
	DFK ∆B
	DFK + CHI ∆B
	P-value

	Average
	6.0
	7.0
	0.501

	Interquartile deviation
	3.0
	3.0
	



This pioneer clinical study investigated the impact of adding Chitosan to a potassium nitrate and sodium fluoride - based desensitizer before using 35% hydrogen peroxide. The results of the Mann-Whitney test showed a significant reduction in sensitivity for the DFK + CHI group in different evaluation time intervals (35, 40, 45, and 60 minutes) when compared to the DFK group. Similarly, the binominal logistic regression showed that the use of Chitosan significantly impacted the occurrence of pain with R²N indicating, that the presence or absence of pain during bleaching can be 51.96% explained by the choice of whether to use Chitosan as a desensitizing agent. Besides these results, the calculated odds ratio showed that Chitosan added to the desensitizing agent evaluated in this study increases the chance of patients feeling pain during or after the bleaching period by 40 times. Furthermore, there was no interference of the Chitosan microparticle in the bleaching effectiveness; therefore, the study’s hypothesis is accepted, according to which the remineralizing action of Chitosan decreases sensitivity during and after tooth bleaching without interfering with the bleaching effectiveness.

Although well documented in the literature, the mechanisms of tooth whitening-related hypersensitivity are still controversial. Markowitz [21] reported that the formation of oxygen bubbles inside the dentinal tubules could move fluids, resulting in painful sensitivity due to the activation of pulp nociceptors. The most accepted hypothesis suggests that dental hypersensitivity may result from the diffusion of bleaching gels into dental tissues. Due to its low molecular weight (34.0147 g/mol) and its capability to denature proteins, which causes a movement of ions, the bleaching gel can penetrate through the enamel and dentin, reaching the pulp [22]. When in contact with pulp cells, peroxides and their sub-products cause the release of mediators such as neuropeptides and prostaglandins, which sensitize pulp nociceptors and consequently cause reversible pulpitis [1, 22-24]. Thus, different protocols and formulations have been used to neutralize the sensitivity related to bleaching treatments. Among these formulations, potassium nitrate and fluorine products have gained prominence in different studies [3-5, 25-27]. During episodes of painful sensitivity, sensory nerves undergo depolarization, followed by repolarization. However, these desensitizing agents prevent the repolarization of nerve fibers [3, 26]. Besides the interactions of hydrogen peroxide with the pulp, tooth sensitivity may also be the result of the changes that the bleaching procedure causes on the surface of the tooth enamel, such as a decrease in microhardness, an increase in roughness, and a change in mineral composition, such as the amount of calcium and phosphorus [28- 32]. These changes suggestive of superficial demineralization can even be classified as superficial erosion of the enamel. They can facilitate the passage of sensory stimuli to the dentin and pulp, even after applying the bleaching gel [30, 31].

Based on the theory of pulp nociceptor stimulus after the diffusion of the bleaching gel [1, 3, 22 -24], and considering that changes in the enamel surface are likely to occur after exposure of the tooth to hydrogen peroxide [28-32], it can be speculated that Chitosan added to the desensitizing agent contributed to a reduction in the loss of surface mineral tissue, or even influenced the formation of mineral deposits on the enamel. This particularity of Chitosan has already been reported in previous studies. Studying a dentifrice-containing Chitosan, Wu et al. [33] observed greater calcium content on the surface of teeth exposed to demineralization cycles, as did Zhang et al. [34] in a similar study, in which the enamel surface was treated before remineralization with combinations containing Chitosan. Piccelli et al. [35] found by scanning electron microscopy that after adding Chitosan to the 35% hydrogen peroxide, there was a reduction in the superficial mineral loss without compromising the bleaching activity. Another study [36] used Chitosan-based toothpaste with a home-bleaching technique, and the authors also observed a reduction in changes in enamel surface microhardness and roughness without affecting the effectiveness of treatment. Indeed, the study by Pini et al. [10] showed that the potential of Chitosan is influenced by the different types of Chitosan, depending on the conditions used, such as reduction of mineral tissue loss and formation of precipitates on the enamel. The same was observed by Zhang et al. [37], with results that pointed to superficial mineral deposition in white-spot lesions. Ruan et al. [38] state that in the layer formed by Chitosan, amino groups can also capture hydrogen ions from the active substance of the bleaching gel, preventing its diffusion through the enamel surface. Much evidence attests to the potential of the Chitosan molecule, corroborating the findings of this study.

One of the explanations for the beneficial effects of Chitosan is its positive zeta potential, which makes it highly reactive with negative ions and structures, such as hard dental tissues [9, 18]. The anti-erosive potential of Chitosan is related to its strong interaction with the surface of enamel and dentin, in addition to saliva and fluoride components, which are important in remineralization. Thus, multilayers are likely to form within the dental structure, potentially involving interactions between Chitosan, fluoride, and other components of the tooth, which may contribute to the reduction of sensitivity and the enhancement of remineralization [7, 9, 11, 12, 14, 15, 17]. Therefore, it is possible to infer from the results of the present study that there was some interaction between Chitosan and fluoride, culminating in possible superficial remineralization and decreased sensitivity at specific treatment times. Ahmed et al. [39] noted in a previous study that Chitosan has aroused great research interest due to the possibility of it being used as a carrier molecule for other active substances, in addition to its other properties and inherent characteristics already mentioned.

When Chitosan molecules are transformed into microparticles, they become more chemically stable, presenting a larger active surface area, greater diffusibility, and, therefore, a greater capacity and speed of adsorption to other components [40, 41]. Moreover, the clinical findings in the present study corroborate with the literature, as the Chitosan particles added to the desensitizing gel were micro sized. Because of the excellent results of the use of Chitosan in the reduction of tooth sensitivity when compared to conventional treatments, and given the scarcity of research and publications on the subject, it is clear that more studies are needed to understand it in a more complex way the role of Chitosan in a reduction in tooth sensitivity reported during bleaching, such as understanding the interaction of Chitosan with fluoride ions, and the mechanisms in the formation of a protective layer over enamel that could potentially capture ions present in the bleaching gel. However, the study's limitations include the lack of long-term follow-up data and the need for further exploration of the exact biochemical interactions of Chitosan with other components in the desensitizing agent.

4. Conclusion

Based on the results of this study, it can be concluded that the remineralizing action of Chitosan decreases sensitivity during and after tooth whitening and adding Chitosan to the desensitizer does not interfere with the bleaching effectiveness.
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