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A B S T R A C T 

In dentistry, irreversible hydrocolloid impression materials are frequently utilised for making both 

preliminary and final impressions. Dental professionals are more likely to become contaminated by 

these materials. According to studies, using 1.0% water-soluble chitosan can disinfect an impression 

by reducing the microbial load. To support its use in clinical practice, it is necessary to evaluate the 

mechanical and physical characteristics of irreversible hydrocolloid impression material modified 

with 1.0% chitosan. Therefore, this study aimed to evaluate the physical and mechanical properties of 

irreversible impression materials modified with 1.0% Chitosan. A significant (p=0.01) increase in 

gelation time, and no significant differences in the percentage of dimensional change (p=0.32) and the 

flow were observed with 1.0% chitosan compared with distilled water. It can be suggested that 1.0% 

water-soluble chitosan solution can be used as a water substituent for mixing with irreversible 

hydrocolloid impression material as the changes observed were within clinically acceptable limits. 

 

© EuroMediterranean Biomedical Journal  2022 

1. Introduction 

Irreversible hydrocolloids are the most widely used impression materials 

in dentistry. Factors attributing to their widespread use are patient 

compliance, ease of manipulation and economical [1]. However, it is a 

known fact that dentistry involves exposure to potentially infectious 

media such as blood, saliva, etc. [2].  

Dental practitioners, patients and laboratory technicians are the notable 

subjects that fall under the high-risk category and are prone to infection 

spread, through contaminated impressions, especially through irreversible 

hydrocolloid impression materials [3].  

The research reported that irreversible hydrocolloids are five times more 

infectious than elastomeric impressions [4].  

Hence, disinfection and safe practice in controlling occupational hazards 

are highly required. 

 

Frequently followed methods for disinfection of irreversible hydrocolloid 

impressions are the Immersion technique and Spray technique [5, 6]. 

These techniques would only disinfect the external surface of the 

impression. Microorganisms are most effectively retained on the surface 

and within irreversible hydrocolloid impression materials due to their 

hydrophilic nature and porous structure. A novel approach to self-

disinfecting irreversible hydrocolloids was introduced [3]. Incorporation 

of the disinfecting agent into alginate impression material causes both 

external and internal disinfection [7]. Chlorhexidine [3], quaternary 

ammonium salts [8], didecyl dimethyl ammonium chloride [8], sodium 

fluoride [9], silver nanoparticles [10, 11], Copper oxide and Zinc oxide 

nanoparticles [12] and chitosan [13] are the antimicrobial agents used so 

far in this approach for disinfection. 

Chitosan is used in dentistry to reduce plaque and the microbial load in 

the oral cavity.  
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It is utilised to modify the implant surface, as an ingredient in dentin 

bonding agents, and composites, as well as in dentifrices and 

mouthwashes [14]. Manikyamba YJB et al. (2020) evaluated the efficacy 

of chitosan incorporated in irreversible hydrocolloid impression material 

as a self-disinfecting agent [13]. They reported that the incorporation of 

1.0% water soluble chitosan significantly reduced the microbial activity 

on the impressions. But to the authors' knowledge, no research has been 

done to determine the effect of chitosan addition on the physical and 

mechanical characteristics of irreversible hydrocolloid impression 

material to substantiate its use in clinical practice. Therefore, this study 

aimed to evaluate the dimensional accuracy, flow and gelation time of 

irreversible hydrocolloid impression material modified with a 1.0% 

chitosan impregnated solution. The null hypothesis considered was there 

will be no difference in dimensional accuracy, flow and gelation time 

between irreversible hydrocolloid impression material with 1.0% chitosan 

solution and distilled water.    

2. Material and methods 

A total of 150 specimens were made and categorized into experimental 

and control groups comprising 75 in each. In the experimental group, 

irreversible hydrocolloid impression material (3M ESPE) was 

manipulated using 1.0% chitosan solution (n=75). In the control group, 

the material was manipulated using distilled water (n=75). The specimens 

in both groups were subjected to evaluate dimensional accuracy, flow and 

gelation time. A total of 25 specimens (n=25) were assigned for each test. 

 

Evaluation of dimensional accuracy 

ADA specification number 19 master die was used (figure 1) to measure 

the dimensional accuracy of the alginate impression material specimens. 

A putty index was made for the metal ring mould with an internal 

diameter 30±0.01mm and of height 6mm. Polymethylmethacrylate 

powder and liquid (Dental Products of India RR) were mixed, poured into 

the putty index, and it was allowed to set. Excess was trimmed and 

polished and a slit of 0.5mm was created using a carborundum disc for 

easy removal of the die specimen (figure 2).  

The irreversible hydrocolloid impression material was mixed as per the 

manufacturer’s recommendations and loaded into the metal ring mould. A 

flat glass plate was placed over the mould, and one kilogram of weight 

was placed on the glass plate to simulate the operator’s finger’s pressure. 

After setting the irreversible hydrocolloid, the metal ring mould along 

with the impression together with the plate was separated from the test 

block. Then hydrocolloid impression was pushed out from the metal ring 

mould and transferred to a split mould. Die stone type IV was mixed 

according to manufacturer instructions and poured immediately and 

allowed to set. Die specimens were separated from the split mould. 

The die specimens were observed under a stereomicroscope (Olympus 

SZX16, Japan). The dimensional changes were evaluated from the 

distance measured from the inner profile of two vertical lines crossing the 

horizontal lines at three places D1, D2, and D3 (figure 3). The mean of the 

three lines was taken as the distance between the two vertical lines of the 

specimen. Initially, the distance between the two vertical lines was taken 

as the standard separation between the two vertical lines on the ruled test 

block (figure 4). 

 

The percentage of dimensional change was calculated by using the 

formula                

= (L-L′/L) × 100  

 L represents the dimensions of the master die  

L′ represents the mean dimension of the stone cast (control group or 

experimental group). 

 

Flow analysis 

The flow was determined as described by Wang et al. [3] A disposable 

syringe was filled with irreversible hydrocolloid impression material, and 

0.5ml of the mixture was dispensed onto a mixing slab. The mix is 

covered with another glass slab and a standard weight of 1.5 kg was 

placed over the glass slab for 5 sec and removed. After setting, the 

specimens were retrieved, and the diameter of the impression discs was 

measured using the Digital Vernier calipers at three different diameters, 

and the averages of diameters were considered as flow.  

 

Gelation time measurement 

The indentation method, as reported by Lemon et al., was used to measure 

the gelation time. [15] The flat end of a polished polymethyl methacrylate 

rod with a 6 mm diameter and 10 cm length was placed in contact with the 

surface of the irreversible hydrocolloid mix 60 seconds after the mixing 

process started and removed right afterwards. Until the impression 

material was no longer stuck to the rod, this operation was repeated after 

every five seconds. The gelation time was noted from the beginning of 

mixing till the material no longer adheres to the rod, and the readings were 

tabulated. 

The obtained data were subjected to statistical analysis using SPSS 

version 22.0  (IBM SPSS Statistics for Windows, Version 22, Armonk, 

NY: IBM Corp). The statistical test used was the independent t-test as it 

determines whether there was a statistically significant difference in 

dimensional accuracy, flow and gelation time between the means of two 

unrelated groups. p<0.05 was considered statistically significant. 

 

 

Figure 1. ADA specification no 19 master die 

 

 

Figure 2. Split Mould, Raiser and Ring Mould 
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Figure 3. Stereomicroscopic image showing measurement of die stone 

specimen. 

 

Figure 4. Stereomicroscopic image showing measurement of master 

die 

3. Results 

The mean and standard deviation of dimensional change, flow and 

gelation time of irreversible hydrocolloid impression material modified 

with distilled water and 1.0% of chitosan solution are given in Table 1. 

The chitosan-modified group exhibited slightly more dimensional changes 

and flow characteristics compared to the control group. However, 

statistically, no significant differences were observed between the groups 

(Table 1). More gelation time was demonstrated by 1.0% chitosan 

solution modified irreversible impression materials compared to the 

control group. A significant difference (p=0.01) in gelation time was 

observed between the two groups (Table 1).   

 

 

Table 1. Comparison of dimensional change, flow and gelation time of 

irreversible hydrocolloid mixed with chitosan compared with that of 

distilled water samples using independent t-test (#Standard Deviation; 

*Statistically significant) 

 

4. Discussion 

Chitosan, a versatile hydrophilic polysaccharide derived from chitin 

obtained from crustacean shells.  

 

Chemically, it is poly β (1,4) glucosamine. Chitosan is considered to be 

antibacterial, biocompatible, non-toxic, and biodegradable. Additionally, 

it functions as an immunoadjuvant and is hemostatic, anticarcinogenic, 

anticholesteremic, fungistatic, and antibacterial. Chitosan's antibacterial 

properties may result from the inactivation of enzymes, chelation of vital 

metal ions, and production of polyelectrolyte complexes with chemicals 

found on bacterial surfaces. Bacteriophage replication inhibition may be 

the cause of antiviral action [13]. 

The smoothness of the mix was changed by concentrations exceeding 

1.0%, according to the pilot study conducted by Manikyamba YJB et al. 

Therefore, 1.0% was the concentration employed in the current 

investigation [13]. 

For evaluating the dimensional accuracy of the irreversible hydrocolloid 

impression material an indirect evaluation method was undertaken to 

measure the resultant stone casts rather than alginate impressions 

themselves, due to the fact that pouring of irreversible hydrocolloids using 

gypsum materials is a standard clinical procedure. Acceptable methods for 

evaluating the dimensional accuracy of stone specimens include 

microscopes, micrometers, dial gauges, and callipers [16]. In the present 

study, it was observed that there was a reduction in the distance between 

vertical lines on the cast compared to the distance between the same lines 

on the metal die in both groups, but it was within clinically acceptable 

limits. Though the dimensional change was statistically insignificant, 

samples made using chitosan (0.56%) were more accurate compared to 

distilled water (0.40%).  

Alginate mixed with chitosan has been shown to undergo expansion as 

chitosan tends to swell on mixing with water [17]. Alginate impression 

material mixed with 1.0% chitosan solution had undergone contraction in 

the present study. This can be attributed to the pH of the alginate and 

1.0% chitosan solution mix that was used in the study. The pH of water-

soluble chitosan is 5 to 8 [18]. The chitosan NH3+ groups interact ionically 

with the acid COO- groups in the alginate in an acidic solution, which 

reduces the swelling capacity and enhances the cross-linking efficiency. 

The NH3+ group undergoes proton loss in an aqueous medium, converting 

to NH2, which lowers the cross-linking density. Because the acid is 

ionised and forms hydrogen bonds with the nitrogen of the amine groups, 

the swelling capacity of the basic media falls in comparison to the 

aqueous medium. [19]. The contraction can also be attributed to the 

syneresis that is taking place in the impression material at room 

temperature. The syneresis may be resulted in developing more cohesive 

forces between the alginate fibril networks, and these forces could have 

negated the swelling of chitosan.   

Gelation time refers to the formation and crosslinking of calcium alginate 

chains. The results of the present study showed statistically significant 

change (p<0.01) in gelation time between samples made with irreversible 

hydrocolloid impression material 1.0% chitosan (73 ±2.50) secs and 

distilled water samples (67.40 ±2.55) sec. It can be inferred that there was 

a slight increase in gelation time with chitosan samples. The null 

hypothesis was rejected. However, the clinically acceptable level is within 

20% of the total setting time. Hence, it was considered clinically 

insignificant. The slight increase in gelation time could be due to the 

delayed formation of calcium alginate gel, the pH changes in chitosan 

solution while mixing and the interaction of ammonium ions of chitosan 

solution with the carboxylic groups of alginate matrix.  
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An increase in the gelation time observed in the study can be attributed to 

the reduction in the amount of pre-active ingredients in alginate 

formulation with a chitosan solution in comparison with distilled water. 

Gelation time of irreversible hydrocolloids was found to increase on 

mixing them with chlorhexidine which may be due to the delay in supply 

of calcium ions required for gelation. Sodium hypochlorite on the other 

hand may react with sodium phosphate thus nullifying its retarding effect 

and ensures that calcium ions in the sol form are readily available to react 

with soluble alginate thus reducing the gelation time [20]. 

The flow of impression materials refers to the ability of a material to 

undergo plastic deformation under applied load. The results of the present 

study showed insignificant change (p=0.71) in the flow between samples 

of irreversible hydrocolloid impression material mixed with 1%chitosan 

(31.84 ±1.74mm) and the distilled water (31.64 ±1.96mm). So, it can be 

inferred from the present study that there was minimal change in 

flowability of chitosan samples and distilled water samples. Though the 

flow was statistically not significant, samples made using chitosan 

(31.84mm) had more flow compared to the control (31.64 mm).  

A longer gelation time of irreversible hydrocolloid provides a longer time 

for flow. Longer gelation time along with increased flow will facilitate 

better reproduction of details during impression making. The flow and 

gelation times are significantly influenced by variations in the irreversible 

hydrocolloid setting reaction rate. The irreversible hydrocolloids 

combined with chlorhexidine showed a similar prolonged gelation time. 

The sodium hypochlorite, which served as an accelerator, is responsible 

for the lengthening of the gelation time [20]. 

The present study investigated dimensional accuracy, flow and gelation 

time of irreversible hydrocolloid material modified with 1.0% water 

soluble chitosan. Further studies may be conducted to evaluate the other 

physical and mechanical properties of irreversible hydrocolloid material 

modified with 1.0% chitosan solution to substantiate its usage in clinical 

practice. 

 

5. Conclusions 

Within the limitations of the study, the following conclusions can be 

drawn:  

 There was no significant percentage of dimensional changes observed 

with irreversible hydrocolloid impression material mixed with 1.0% 

chitosan solution compared with the distilled water samples.  

 There was no significant change in the flow of irreversible 

hydrocolloid impression material mixed with 1% chitosan solution 

compared with distilled water samples.  

 There was a statistically significant change in gelation time of 

irreversible hydrocolloid impression material mixed with 1.0% 

chitosan solution compared with distilled water samples however the 

change was within clinically acceptable levels. 
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