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ABSTRACT  
 
AIM OF THE STUDY: The present research attempts to assess the occurred linear changes of additional silicone 
impressions after utilizing different disinfection materials.  
MATERIALS AND METHODS:  In the present study, a set of twenty-four impressions of a standard reference 
model were made using Polyvinyl siloxane impression material. The samples were split to form three groups 
(𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛 = 8) according to disinfection material used; sodium hypochlorite (SH), ozonated water (OW), and a 
control group (C). Group SH and Group OW were immersed at room temperature for up to 10 minutes. The prepared 
impressions were investigated before and after the disinfection procedure utilizing Dental Cone beam Computed 
Tomography (CBCT). Linear measurements were accurately determined between four reference points through the 
scanned digital models. After disinfection, the dimensional changes were calculated, and statistical analysis was 
conducted where the p-value was set as 𝑝𝑝 <  0.05.  
RESULTS: Each linear measurement for the three groups was analyzed using paired measurements before and after 
the disinfection process. The computed values prior to and following disinfection showed a significant difference 
when comparing the study groups as (𝑝𝑝 <  0.05). Moreover, the observed significant differences among the study 
groups were confirmed by applying one-way ANOVA analysis to assess the variance for each measurement. 
CONCLUSIONS: The dimensional accuracy of polyvinyl siloxane impression material performed well after using 
different disinfectant. Impressions were totally immersed in ozonated water showed better stability than impressions 
were totally immersed in NaOCl.  
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INTRODUCTION  
Since the patient's blood and saliva contact the 
dental impression material, dental healthcare 
professionals consider exposure to impressions 
as having the possibility of blood-borne 
infections transmission (1). Disinfection of 
impression materials aims to obtain impressions 
free from saliva or blood-borne infections. To 
achieve this aim, it is essential to use effective 
disinfection methods without altering the 
impressions' dimensional stability. The only 
safe method to regular care is to presume that 
any impression ought to be treated in the same 
manner a high-risk patient's impression would 

be (2). The British Dental Association released 
the recommendations for infection control, 
stating that "the only safe approach to routine 
treatment is to assume that every patient may be 
a carrier of an infectious disease" (3).  

Noting that, microorganisms are not 
eliminated from impressions material by only 
rinsing them with water. Microbiological growth 
on impressions was reported in the literature, 
with up to 70% of impressions rinsed with water 
showing microbial growth (4). Removal of 
microorganisms from an impression could be 
achieved using chemical disinfectants. However, 
the hydrophilicity and wettability of materials 
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can be influenced by the chemical reactions 
between the impression material's surface and the 
disinfectants (5). Therefore, substitutional 
disinfection techniques with minor deleterious 
effect to impression materials have been utilized 
to eliminate microorganisms from the surfaces of 
used impression materials, which including 
exposure to ultraviolet light, microwave 
irradiation, and gaseous ozone (6).   
The immersion process is the most trustworthy 
and efficient technique of dental impressions 
disinfection since the disinfectant treatment 
became in direct contact with all surfaces of the 
tray and impression material (7).  Immersion 
process with various chemical disinfectant 
solutions has been tested and proven to be 
appropriate and highly effective for this purpose 
(8). 
The null hypothesis, of the current assessment 
of the effect of different disinfectants materials, 
was deemed as there is no difference between 
the three study groups regarding their 
dimensional stability. 
 
MATERIALS AND METHODS  
These present experimental investigations were 
approved by the institutional ethics committee 
of Faculty of Dentistry, Alexandria University.  

The present experimental 
investigations were conducted at the Faculty of 
Dentistry, Alexandria, Egypt.  
A. Fabrication of the master model.  
A standard reference model was milled from 
steel. A horseshoe-shaped model resembling 
the mandibular arch was designed using CAD 
software (Delcam; GMBH, Obertshausen, 
Germany). Five tapered abutments simulating a 
complete veneer crown preparation were placed 
in the canine regions (A1, B1) and the first 
molar region (A2, B2). Hemispherical 
landmarks were created in the mid of the 
abutments' occlusal surfaces as reference 
points. A platform surrounding the model's 
inferior surface was then designed to avoid 
custom tray over-seating during the impression 
procedure. The virtual preliminary model 
design was transferred to Computer Numerical 
Control (C.N.C.) milling machine (HURCO 
BMC20; INDUSTRY PART, Lancaster, United 
Kingdom) stainless-steel model. The linear 
measurements selected for the assessment of the 
dimensional stability after 
disinfection/sterilization were the inter-
abutment distance (A1-A2, B1-B2) and the 
cross-arch linear-distance (A1-B1, A2-B2) (9). 
B. Impressions fabrication 
Twenty-four impressions of the master model 
were made in the present study using a custom 
tray and a Polyvinyl siloxane (P.V.S.) material 

using a two-step wash/putty impression 
technique. The impressions were divided 
randomly to three groups (𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛 = 8) 
according to the used disinfectant material. 
Impressions were allowed to polymerize under 
static load. The pressure standardization was 
done using a fixed weight then we removed the 
weight and kept the impression under passive 
pressure. After the setting of putty, the trays 
were removed (Express™ S.T.D.; 3M ESPE, 
Minnesota, U.S.A.). Consequently, The light 
body (Express-fast Set; 3M ESPE, Minnesota, 
U.S.A.) was injected into the putty using the 
auto-mix cartridge dispensing gun (3M™ 
Garant™ Dispenser; 3M ESPE, Minnesota, 
U.S.A.)(10). Finally, the tray was seated in the 
correct position as platform surrounding the 
model's inferior surface was designed to avoid 
custom tray over-seating during the impression 
procedure, and the impression was left 
undisturbed until a complete setting occurred 
(9). All 24 impressions were scanned using 
CBCT (Morita 3DX; J Morita Mfg corp., 
Kyoto, Japan) as a reference before 
disinfection. 

The impressions were divided 
randomly to three groups (𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛 = 8) 
according to the used disinfectant material. 
Group C:  Control group, the eight 
scanned impressions were left in dry conditions 
on the bench without disinfection. 
Disinfection Process  

Group SH: The eight impressions were 
totally immersed in 0.5% SH (Sodium 
hypochlorite) solution for ten minutes. 
Following disinfection, the impressions 
removed from the disinfection solution were 
rinsed with tap water for 10 seconds before 
being dried with compressed air (11).  
Group OW: The impressions were 
subjected to ozonated water produced by the 
ozone generator device (Ozone Generator, 
Dongguan Y.P.M., Guangdong, China) with a 
flow of 2 L/min. An ozone tube with a sterile 
head was positioned in a sterilized container 
with distilled water. Ozone tubes were adjusted 
to the height in the container with an impression 
tray inside. Then, the ozone generator device 
was turned on. The disinfection time with the 
ozonated water was done for 10 min. After 
disinfection, impressions were removed from 
the ozonated water and dried using compressed 
air (12,13).  
Three-dimensional analysis of impression 
material using cone-beam computed 
tomography 

All impressions prepared were 
scanned via CBCT (Morita 3DX; J Morita Mfg 
corp., Kyoto, Japan). Before then after 
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disinfection using the following parameters: 
tube voltage of 80 K.V.P. and an electric current 
of 2 mA, for 20 seconds, and a voxel size of 
0.125 mm voxel size. The scan was done under 
a field of view (F.O.V.) of 100 mm X 50 mm. 
The data was then reconstructed into 3D models 
and stored as DICOM format (digital imaging 
and communications in medicine) established 
by the National Electrical Manufacturers 
Association. Then the files were imported to a 
three-dimensional reverse numerical software 
(Blue Sky Plan® software V4.7; BlueSky Bio 
L.L.C., Chicago, IL, U.S.A.) to inverse the 
obtained negative form of the impression image 
to produce the final digital model with limited 
segmentation using the same thresholding 
values for all the models and it is worth to 
mention that it did not affect the measurements, 
and the files were exported as stereolithography 
format (14). A subset of 48 Cone beam 
computed tomography (CBCT) scans (before 
and after disinfection for all the groups) were 
measured independently.  For the linear 
measurements on the digital models, four fixed 
reference points were used to analyze the 
dimensional stability of each digital model (15). 
The scanned 24 impressions were divided 
randomly to three groups (𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛 = 8) and 
before being disinfected their digital models 
were measured and the three groups were 
compared. Then the 24 impression were 
rescanned after disinfection process again their 
digital models were measured and the three 
groups were compared. 
Statistical analysis  
After the data was collected and coded, 
descriptive statistics were calculated, including 
the mean with standard deviation for scale data. 
Statistical analysis was performed using SPSS 
version 24 (SPSS, Inc, I.B.M. Corporation, 
N.Y.C., U.S.A.). Comparative assessment of 
studied groups concerning all measurements 
were conducted using One-way ANOVA test 
followed by Kruskal-Wallis test. Within group 
comparisons were conducted using paired-T 
test. Percent change in the measurements was 
computed through the following formula: 
�Final measurements − initial measurements

initial measurements
× 100�, 

where the significance level was set at 0.05   
 

 
Figure (1):Digital model linear measurements 
(A1-B1, A2-B2). 
 

 
Figure (2): Digital model linear measurements 
(A1- A2, B1 -B2). 
 
Table (1): Describes the (Mean and SD) of the 
dimensional differences of linear 
measurements in mm for three groups 
regarding (A1-B1, A2-B2, A1- A2, B1 -B2). 

Difference 
value of 
the 
measureme
nts 

Grou
p I Group II Grou

p III H P 

A
1-
B
1 

Min.
-
Max
. 

0.017 
- 
0.032 

0.082-
0.163 

0.077 
- 
0.115 

17.7
37 

<0.
05 

Mea
n± 
S. D 

0.018
8 ± 
0.006 

0.1163±0.0
2387 

0.095
0 ± 
0.009
26 

A
2-
B
2 

Min.
-
Max
. 

0.012 
- 
0.035 

0.085 - 
0.272 

0.076 
- 
0.192 18.3

04 
<0.
05 Mea

n± 
S.D 

0.020
0 ± 
0.007
56 

0.1950 ± 0 
.07091 

0.102
5± 
0.039
91 

B
1-
B
2 

Min.
-
Max
. 

0.016
-
0.021 

0.031- 
0.108 

0.038
- 
0.072 16.2

12 
<0.
05 Mea

n± 
S.D 

0.013
8 ± 
0.005
18 

0.0488±0.0
2357 

0.053
8 ± 
0.014
08 

A
1-
A
2 

Min.
-
Max
. 

0.004
-
0.018 

0.031- 
0.073 

0.025 
- 
0.103 

16.2
45 

<0.
05 

Mea
n± 
S.D 

0.010
0 ± 
0.007
56 

0.0538±0.0
1408 

0.043
8 ± 
0.026
15 

H: Kruskal-Wallis test  
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P < 0.05 (significant) 
 
 
Table (2): Descriptive statistics (Mean and SD) 
of average deviation in each group. 

 Group I 
(n=8) 

Group 
II 
(n=8) 

Group 
III 
(n=8) 

HP 

Minim
um 0.004 0.031 0.025 

19.2
13 
(<0.
05) 

Maxi
mum 0.035 0.272 0.192 

 
(%)Ch
ange 

0.02(0.
05%) 

0.10(0.
31%) 

0.07(0.2
3%) 

Z P 0.228(0
.819) 

2.057(0
.039) 

3.429(0.
0006)  

Z: Wilcoxon test 
H: Kruskal-Wallis test 
* P < 0.05 (significant) 
 
RESULTS 
The means and standard deviation (SD) values 
of measured variation for each linear distance 
(A1-A2, B1-B2, A1-B1, A2-B2) in the three 
groups are shown in (Table 1). Changes in the 
linear measurements of the digital models were 
compared for all groups (Table 2). According to 
the linear measurements between reference 
points identified in the digital models before 
and after disinfection, Group SH, OW showed a 
statistically significant difference in the paired 
analysis (𝑝𝑝 <  0.05). However, the changes in 
dimensional stability were small in the order of 
microns. Measured values of the resulted 
difference before and after procedures were 
assessed amongst all groups for inter-abutment 
and cross arch measurements. Comparisons 
between the different groups during the initial 
state show no statistical significance difference 
(𝑝𝑝 >  0.05), while the comparisons between 
the different groups during the final state 
confirmed that there was a considerable 
significance difference (𝑝𝑝 <  0.05). 
 
DISCUSSION 
The current study aims to Comparatively assess 
the resulted effects of two different disinfection 
materials on the dimensional stability of the 
additional silicone impression material. The 
considered null hypothesis of this study was 
proved to be rejected. 

Polyvinyl siloxane (P.V.S.) are the 
most commonly studied materials after 
disinfection due to their desirable handling 
properties and excellent physical properties 
including greater dimensional stability, 
precision, higher tear resistance, and better 

detail reproduction (16). Elastomers have 
higher extensibility, excellent elasticity after 
large deformation, great viscoelastic properties, 
and better detail reproduction (17). However, 
silicones not only have these properties, but 
they also display the lowest contraction after 
setting overtime and the provide the highest 
dimensional stability of any dental impression 
material (18).  

While P.V.S is hydrophobic by nature; 
however, this material includes surfactants that 
enhance its ability to replicate details in a high-
humidity environment (19). The presence of 
these agents upgrades the compatibility of 
hydrophilic P.V.S with water; the used 
disinfectant solutions in this research (0.5% 
sodium hypochlorite and ozonated water) were 
chosen due to their widespread effects in the 
reduction of potentially pathogens on 
impression surfaces (20,21). 

The present guidelines of the American 
Dental Association (A.D.A.) recommended to 
carefully wash the impressions to remove 
effectively any attached saliva or blood, followed 
by immersing them in appropriate disinfecting 
solutions (8). To maintain the accuracy of the 
impressions, they are usually exposed to 
disinfectants for no more than 10-15 minutes. 
The disinfectant solutions are considered to be 
appropriate if it have not any effect concerning 
the dimensional stability of the utilized 
impression materials (22). Furthermore, silicone 
did not expand significantly after being 
disinfected by immersing it in various chemicals 
for 10 minutes (23). Moreover, insignificant 
dimensional changes were found when 
additional silicone impression materials were 
totally immersed disinfected for ten minutes 
(24). 

Previous research has shown that a 10-
minute immersion in sodium hypochlorite can 
effectively disinfect P.V.S impressions (25-30). 
Ozonated water has been investigated as an 
antimicrobial efficacy for disinfection of 
different impressions materials and proved to be 
appropriately effective (11, 12, 31). The 
observed effect of ozonated water on the 
dimensional stability of P.V.S impressions is 
almost lacking. Consequently, the present in-
vitro study was conducted to assess the potential 
effect of the freshly prepared ozonated water on 
dimensional stability and P.V.S impressions. 

Recently, the use of Cone Beam 
Computed Tomography (CBCT) in dentistry 
has undoubtedly increased, including scanning 
impressions. Assessing impression materials 
with a 3D cone beam could be more accurate 
than traditional techniques, and the obtained 
images can be generated without influencing 
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the properties of studied impression (32). The 
reproducibility and accuracy of CBCT have 
been examined for the measurements of the 
three-dimensional implant site and periodontal 
space, where the CBCT method demonstrating 
accurate measurements in both cases. CBCT 
technique was used in a previous study to assess 
dimension for P.V.C and alginate impression 
materials (33, 34). This study uses a three-
dimensional cone beam C.T. image to assess 
different disinfectants' effects on P.V.S 
impressions' dimensional stability. 

In the present study, the linear-
dimensions were measured through the help of 
CBCT with accuracy of 0.01 mm, and the mean 
obtained percentage deviation from the control 
group was used in order to comparatively assess 
the dimensional stability of the studied groups. 
Digital models from impressions disinfected by 
SH (sodium hypochlorite) and ozonated water 
immersion showed dimensional change for the 
inter-abutment and cross-arch linear distance 
compared with the controls. The mean values of 
the dimensions were computed before and after 
disinfection, and the percentage changes of 
linear dimension was also determined.  
The overall mean dimensional change obtained 
in Group SH was 0.10 mm. The overall mean 
dimensional change obtained in Group OW was 
0.07 mm. The mean linear dimensional change 
was statistically significant for Group SH &OW 
(P <0.05). While the mean percentage change in 
dimension obtained was 0.31% and 0.23% for 
Group SH OW, respectively. Pairwise ANOVA 
test for Group SH, OW showed significant 
statistical differences. However, the differences 
observed were within ADA specification no. 19 
for elastomeric impression materials (The 
occurred dimensional change of elastomeric 
impression materials should not exceed 0.5%). 
When the results were compared to prior 
research on P.V.S.  impressions, related 
findings were published (33-35). The resulted 
percentage changes in the considered linear-
dimension for Group SH and Group OW were 
within the clinically acceptable limits and 
follow the guidelines recommended by Matyas 
et al (35). as well as in accordance with the 
recommendations of the conducted study on 
different impression materials by Jagger DC 
(36). The addition silicone impression material 
combination gave the low percentage change in 
dimensional stability. After disinfection, the 
percentage changes in the considered linear-
dimensions of P.V.S impressions were 
compared between the studied groups variations 
of digital scans, and statistically significant 
dimensional changes were observed between 
Group SH and Group OW (𝑝𝑝 <  0.05). 

 
CONCLUSION  
According to the obtained results and findings 
of the present in-vitro study, the following 
conclusions could be drawn: 
The selection of the disinfectant material and 
method for impressions is of the utmost 
importance as it can greatly induce changes in 
accuracy and overall stability.  
Computing the average linear dimensional-
variations of digital scans can be considered as 
a quick and accurate way for detecting assessed 
dimensional changes. 
The dimensional variations showed significant 
differences between before and after the 
disinfection of studied impressions by sodium 
hypochlorite, ozonated water  
The ozonated water displayed less changes as 
compared to 0.5% sodium hypochlorite, 
suggesting that it could be used as a substitute 
disinfectant in clinical practice.  
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