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Introduction
Contamination of the working atmosphere 
during the clinical practice or laboratories 
creates risk to the health of professionals. 
Cross‑infection can be carried directly 
by blood or saliva and indirectly by the 
contaminated equipments, surfaces, and 
airway which could transmit the diseases 
such as human immunodeficiency virus, 
hepatitis‑B virus, and tuberculosis. 
According to Miller, a saliva droplet 
contains more than 50,000 bacteria,[1] with 
the risk of inducing infections, which can 
survive on the impression surface and it can 
be transferred to the stone casts.[2‑6] Hence, 
impression disinfection is now considered 
as a routine clinical procedure in dental 
offices and laboratories, and also American 
Dental Association  (ADA) and the Centers 
for Disease Control recommended to 
disinfect the impressions to prevent 
cross‑infection.[7‑9]

Disinfecting solutions should eliminate 
the pathogens while also adversely 
not affect the surface quality of the 
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Abstract
Purpose: To compare and evaluate the surface quality of silicone impression materials after 
ozone water disinfection. Materials and Methods: A  total of 60  samples were prepared on a 
stainless steel die  (American Dental Association specification no.  19 and International Standard of 
Organization  ‑  4823). The samples were divided into four groups; each group contains 15  samples. 
Group  A as control, Group  B, C, and D disinfected with 2% glutaraldehyde, 5.25% sodium 
hypochlorite, and ozone water, respectively. The samples were made according to the manufacturer’s 
instructions, and the samples were allowed to set in a thermostatically controlled water bath 
at 35°C  ±  1°C and retrieved after 10  min. The surface qualities of the samples were measured 
in stereomicroscope with  ×20 magnification. Results: The data obtained were analyzed using 
Chi‑square test, and the “P” value was calculated. The results showed that there were no differences 
in the surface quality among the Groups  A, C, and D for addition silicone putty and light body 
and medium body impression materials than the Group  B. Conclusion:   This study concluded that 
ozone water disinfection showed least changes when compared to 5.25%sodium hypochloride and 
2% glutaraldehyde disinfection for addition silicone putty , light body and medium body impression 
materials.
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impression materials.[10] Silicone impression 
materials have gained popularity among 
dentists because of their excellent 
physical properties, favorable handling 
properties, and good patient acceptance.[10] 
Condensation silicones show dimensional 
changes after polymerization of the 
material, which may be caused by their slow 
setting, or by loss of water and alcohol, as a 
byproduct of the setting reaction. Addition 
silicones have insignificant number of 
byproducts released, which provides a 
dimensionally stable impression.[11] The 
impression should be a negative copy of 
the patient’s anatomical structures; from 
that, the accurate positive replica of the 
oral structures was established on which the 
fixed prosthesis was fabricated to achieve a 
perfect adaptation.

Any dimensional change in the impression 
causes lack of adaptation in the prosthesis. 
Clinical success for prosthesis depends 
on the accurate detail reproduction of 
impressions because during laboratory 
procedures, these materials face problems 
related to contraction and expansion. 
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Therefore, the knowledge of the surface quality of 
impression materials is important.[12]

Although many studies have advocated various methods of 
disinfection process, the immersion method is considered 
more effective among them because the immersion 
method guarantees that all surfaces of impression and tray 
are covered with the disinfectant solutions.[13] Aqueous 
solutions of alcohols, aldehydes, phenolics, biguanides, 
quaternary ammonium compounds, sodium hypochlorite, 
glutaraldehyde, povidone‑iodine, and chlorhexidine 
gluconate are the disinfectant solutions that have been 
recommended to disinfect the dental impressions.[14] Ozone 
water is also being used as a disinfection solution in various 
fields of dentistry due to its antimicrobial, disinfectant, 
biocompatibility, and healing properties. Studies found 
that ozonated water was highly effective in killing of both 
Gram‑positive and Gram‑negative microorganisms.[15] 
Hence, this study was conducted to evaluate the surface 
quality of elastomeric impression materials after disinfection 
with ozone water, 2% glutaraldehyde, and 5.25% sodium 
hypochlorite.

Materials and Methods
According to International Standard of 
Organization  –  4823, a stainless steel die was prepared 
with the following dimensions: length  –  31  mm, outer 
and inner diameter  –  38  mm and 29.97  mm, and the 
height of inner diameter – 3 mm. Three horizontal parallel 
lines x, y, and z  (25, 50, 75  µm wide, 25  mm in length) 
were inscribed between the two vertical lines D1 and 
D2  (0.075  ±  0.008  mm wide) on the superior surface of 
the die to determine the surface quality changes. The 
distance between x and z lines was 5  mm  (between each 
line 2.5  mm spaced apart). The stainless steel ring  (6  mm 
height, 30 mm inner diameter, and 38 mm outer diameter) 
was placed on the ruled die and fitted around the borders 
of the die which acts as a mold for the impression material.

The addition silicone putty and light body  (Aquasil, 
Dentsply De Trey, Konstanz, Germany), addition 
silicone medium body  (Aquasil, Dentsply Caulk Milford, 
Delaware, USA), and condensation silicone putty and 
light body  (Speedex, Coltene/Whaledent, Switzerland) 
were used. For the disinfection process, 5% sodium 
hypochlorite  (GlaxoSmithKline Pharmaceutical Pvt. Ltd., 
India), 2% glutaraldehyde  (Jalgaon Chemicals Pvt. Ltd., 
Jalgaon, India), and ozone water were used.   Ozone water 
was produced with a high‑voltage electrical discharge at a 
constant flow rate by the apparatus and was ejected into 
the diffuser through the output tube. The concentration of 
ozone used was 10  ppm, and it was generated for 20  min 
in the apparatus.

The samples were divided into four groups. Five 
impressions were made in each impression materials. 
A total of 60 samples were made for this study. The samples 

which were not subjected to any disinfection procedures 
were considered as control  (Group  A), samples subjected 
to 2% glutaraldehyde disinfection were considered as 
Group B, samples subjected to 5.25% sodium hypochlorite 
disinfection were considered as Group  C, and samples 
subjected to ozone water disinfection were considered as 
Group  D. The samples were disinfected with disinfectant 
solutions for 10 min.

Before making impression, the die was cleaned with 
ethanol and allowed to dry at room temperature.    Single 
and double‑mix techniques were used to make impression 
within a minute from the start of mixing. A universal 50‑ml 
cartridge dispenser was used to obtain uniform proportions 
and homogeneity of the material. The impression mold was 
placed on the ruled block, and a freshly mixed homogeneous 
impression material was placed in the center of the block 
and spread to fill the mold.   A flat glass slab was placed on 
the impression mold, and constant pressure was applied on 
the impression material; the excess material was allowed 
to extrude. A  positive metal‑to‑metal contact between the 
mold and test block was achieved by this method. A metal 
flat weight of 1 kg simulating the operator’s finger pressure 
on a tray was placed over the glass plate. The samples were 
allowed to set in a thermostatically controlled water bath at 
35°C ± 1°C to simulate oral temperature and retrieved after 
the manufacturer’s recommended setting time. After the 
impression material had set, the sample was removed from 
the water bath and rinsed for 30 s under tap water; then, 
subjected to disinfection procedure for 10 min.

The surface qualities of the samples were measured 
using  ×20 stereomicroscope. The surface quality was 
assessed by examining the detail reproduction of the 
impression material with rating values [Figure 1].[16,17]

•	 Rating 1 – well‑defined sharp detail and continuous line
•	 Rating 2  –  continuous line but with some loss of 

sharpness
•	 Rating 3 – poor detail or loss of continuity of line
•	 Rating 4  –  marginally or completely not discernible 

line.

Results
The surface quality was evaluated in rate scoring system. 
Hence, the proportions were compared using Chi‑square 
test, and the “P” value was calculated.    If P  <  0.05, then 
Fisher’s exact Chi‑square test was applied to calculate 
the P  value.    SPSS version  22.0 (IBM,USA)  was used to 
analyze the data.

Table  1 shows the comparison of proportions of surface 
quality of addition silicone medium body material after 
disinfection. The samples in Groups A, C, and D showed 
more rating ‑ 1 and rating ‑ 2 in x (25 µm) and y (50 µm) 
lines when compared to Group B.

Table  2 shows Fisher’s exact test for the proportions 
of surface quality. The statistical analysis showed 
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that the significant value P for Groups  A, B, C, and D 
in x  (25  µm), y  (50  µm), and z  (75  µm) lines in both 
addition silicone putty and light body and medium 
body materials were 0.291, 0.712, 0.805 and 0,921, 
0.995, 0.990  respectively  [Figure  2]. All the P  >  0.05. 
Hence, there were insignificant surface quality changes 
in addition silicone putty and light body material in 
Group  A  (Control), Group  B  (2% glutaraldehyde), 
Group  C  (5.25% sodium hypochlorite), and 
Group D (ozone water).

The statistical analysis for condensation silicone putty 
and light body material surface quality showed that the 
significant value P for Groups A, B, C and D in x (25 µm) 
line was 0.003 and in y (50 µm) and z (75 µm) lines were 
0.273 and 0.995, respectively. The significant P  <  0.05 in 
x line. Hence, there were significant changes in surface 
quality of condensation silicone putty and light body 
material in Group B (2% glutaraldehyde), Group C (5.25% 
sodium hypochlorite), and Group  D  (ozone water) 
compared to Group A in x (25 µm) line.

Discussion
The disinfection solutions have the capacity to change and 
alter the surface quality of the impression materials. Hence, 
it is critical to evaluate the adaptability of the disinfection 
solution to the respective impression materials. The ADA[18] 
advocated using the spray disinfectants for disinfecting 
the impression surface for 10  min in 1:10 dilution of 
5.25%  (0.525%) sodium hypochlorite in 1988. The ADA 
recommends that impression materials can be immersed 
in disinfectant solutions for  <30  min. The disinfection 
process is to eliminate the microorganisms from the surface 
of the impression without affecting the surface quality of 
impression.

In this study, 2% glutaraldehyde and 5.25% sodium 
hypochlorite disinfection solutions and ozone water were 
used. Sodium hypochlorite is the recommended disinfecting 
solution for alginate[19] which is also recommended 
by the Environmental Protection Agency as a good 

Table 1: Comparison of proportions of surface quality between groups in addition silicone medium body material
Material Variable Group

Group A, n (%) Group B, n (%) Group C, n (%) Group D, n (%) Total, n (%)
Addition silicone 
medium body material

x line (25 µm)
Rating‑1 4 (80.0) 2 (40.0) 3 (60.0) 3 (60.0) 12 (60.0)
Rating‑2 1 (20.0) 3 (60.0) 2 (40.0) 2 (40.0) 8 (40.0)
Total 5 (100.0) 5 (100.0) 5 (100.0) 5 (100.0) 20 (100.0)
y line (50 µm)
Rating‑1 1 (20.0) 1 (20.0) 1 (20.0) 2 (40.0) 5 (25.0)
Rating‑2 3 (60.0) 2 (40.0) 2 (40.0) 2 (40.0) 9 (45.0)
Rating‑3 1 (20.0) 2 (40.0) 2 (40.0) 1 (20.0) 6 (30.0)
Total 5 (100.0) 5 (100.0) 5 (100.0) 5 (100.0) 20 (100.0)
z line (75 µm)
Rating‑1 1 (20.0) 0 (0.0) 0 (0.0) 1 (20.0) 2 (10.0)
Rating‑2 2 (40.0) 2 (40.0) 3 (60.0) 2 (40.0) 9 (45.0)
Rating‑3 2 (40.0) 3 (60.0) 2 (40.0) 2 (40.0) 9 (45.0)
Total 5 (100.0) 5 (100.0) 5 (100.0) 5 (100.0) 20 (100.0)
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Figure 2: Comparison of surface quality of silicone impression materials 
after disinfection with 2% glutaraldehyde, 5.25% sodium hypochlorite and 
ozone waterFigure 1: Stereomicroscope image of surface quality
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Table 2: Chi‑square test for proportions of surface 
quality between Groups A, B, C, and D

Variable Chi‑square test χ2 P
Between groups 
in addition 
silicone putty 
and light body

x line (25 µm) Fisher’s exact test 4.321 0.291
y line (50 µm) Fisher’s exact test 4.552 0.712
z line (75 µm) Fisher’s exact test 3.812 0.805

Between groups 
in addition 
silicone 
medium body

x line (25 µm) Fisher’s exact test 1.779 0.921
y line (50 µm) Fisher’s exact test 2.190 0.995
z line (75 µm) Fisher’s exact test 3.050 0.990

Between groups 
in condensation 
silicone putty 
and light body

x line (25 µm) Fisher’s exact test 0.876 0.003
y line (50 µm) Fisher’s exact test 6.894 0.273
z line (75 µm) Fisher’s exact test 15.167 0.995
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surface disinfectant, nonirritating, and efficient against 
wide‑spectrum microorganisms.[20] Glutaraldehyde provided 
a broad spectrum of activity against the Gram‑negative 
and Gram‑positive organisms, viruses, fungi, and 
mycobacterium. The previous studies reported that 
irreversible hydrocolloid impressions, disinfected by 0.5% 
sodium hypochlorite solutions in 1:10 dilution for 10  min, 
produced a greater reduction in viable organisms. A  pH 
of 10 was the only level that was consistently effective at 
decreased immersion times like 3 min or greater.[21]

Ozone application in dentistry has been widely used for 
the treatment of incipient caries, root canal treatment, 
periodontal pockets, incomplete wound healing in cases 
such as ulcerations and herpetic lesions, discolored tooth, 
peri‑implantitis, denture cleaning, and decontamination 
of toothbrush.[22] Ozone therapy can be defined as a 
versatile bio‑oxidative therapy in which oxygen or ozone 
is administered through gas or dissolved in water or oil 
base to obtain therapeutic benefits.[23] During this process, 
ozone attacks glycoproteins, glycolipids, and other amino 
acids and inhibits the enzymatic control system of the cell. 
This results in increase in membrane permeability  (the key 
element of cell viability) leading to immediate function 
cessation.[24]

Studies also showed that ozone reduced the Candida 
albicans counts on the removable denture to about 1/10 
after 30 min and to 1/103 after 60 min. They suggested that 
ozone can be used for the of removable prostheses.[23] The 
results of the study also showed that the Methicillin‑resistant 
Staphylococcus  aureus decreased from 3.1  ×  103 
colony‑forming unit (CFU)/mL to 1.0 × 100 CFU/mL after 
exposure to about 10 ppm of ozone for 10 min in water.[24] 
Since previous studies showed that ozone water has cleaning 
and disinfection properties,[25] this study was conducted to 
evaluate the surface quality of silicone impression materials 
after disinfection with ozone water.

The statistical analysis showed that samples in Groups A, 
C, and D showed more Rating 1  (well‑defined lines with 

sharpness) and Rating 2  (well‑defined lines with loss 
of sharpness) in x  (25  µm) and y  (50  µm) lines when 
compared to Group  B. The samples in Group  B showed 
more Rating 3  (poor detail or loss of continuity of line) 
in z  (75  µm) lines when compared to Groups  A, C, and 
D.   All the P  >  0.05. Hence, there were no differences in 
the surface quality among the Groups A (control), C (5.25% 
sodium hypochlorite), and D (ozone water) as compared to 
B (2% glutaraldehyde).

The limitations of this study were automix dispensing unit 
was not used for the mixing of the impression materials. 
Furthermore, the sample size was limited. To achieve 
more accurate results, the sample sizes should increase 
to conclude the effect of disinfection properties of ozone 
water on impression materials.

Conclusion
Within the limitations of this study, the authors concluded 
that the ozone water showed comparatively least changes 
and defined lines when compared to 5.25% sodium 
hypochlorite, followed by 2% glutaraldehyde. Hence, ozone 
water can be used as an alternative disinfectant solution for 
clinical practice.
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