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Abstract
Background Disinfecting solutions might cause physical and chemical deterioration 
of silicone elastomers. Phytotherapy may be a viable disinfection option. However, its 
impact on the silicone material›s characteristics is uncertain. Objectives The present 
study aims to examine the effect of oregano essential oil as a disinfection solution on 
the surface hardness and surface roughness of VST-30 silicone. Materials and Meth-
ods Forty specimens were prepared and divided into four main groups (n=10), one 
control group and three experimental groups depend on immersion period of (1 day, 1 
month, and 6 months. The experimental specimens were immersed in oregano solution. 
The surface hardness was measured using a (Shore A) durometer. While the surface 
roughness was measured with a digital portable surface roughness tester device and 
the surface characteristics were examined using Scanning Electron Microscopy (SEM). 
The data were statistically analyzed using one-way ANOVA and the post-hoc Tukey test 
(p < 0.05). Results A significant reduction in the surface hardness of the specimens 
was noticed after the immersion in an Oregano solution compared to the control group. 
While a non-significant difference in the surface roughness was reported after each im-
mersion period. SEM images showed that the silicone after immersion shows a smooth 
surface with no evident cracks. Conclusions Oregano oil solution can be used as dis-
infectant material for VST-30 maxillofacial silicone with the least damage to the surface 
of the prosthesis.

Keywords: Disinfection; hardness; maxillofacial silicone;mregano 
oil; surface roughness.

Introduction
Unfortunately, ablative surgery, trauma, 
and congenital abnormality cause a sub-
stantial proportion of people to have facial 
abnormalities, (Manjula, 2017). Maxillofa-
cial prostheses are commonly used to con-
ceal facial abnormalities or deformities in 
individuals when surgery is not an option, 
(Guiotti et al, 2016a). Barnhart presented 

the first use of maxillofacial silicone for 
facial prostheses in 1960, the silicone is 
one of the materials that can be used for 
facial defects restoring due to its texture, 
strength, and durability, as well as the ease 
in which it can be handled and colored, 
and also for the patient comfort, (Mont-
gomery and Kiat & Amnuay, 2010). Max-
illofacial silicone elastomers should also 
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possess tear resistance, tensile strength, 
and elongation at the break that are ex-
cellent, a hardness that is comparable to 
skin on the defect side, and enough bond-
ing to the underlying retaining substrate, 
(Hatamleh and Watts, 2010). The loss of 
static and dynamic physical properties of 
elastomers, as well as discoloration of the 
prostheses in a service environment, are 
two important problems with maxillofacial 
prostheses used to rehabilitate patients 
with extra-oral-facial defects, (Goiato et 
al, 2009a). However Environmental ex-
posure, such as ultraviolet (UV) light, air 
pollution, and changes in humidity and 
temperature, as well as handling, wash-
ing, and removal of the prosthesis, are the 
most common causes of prosthesis degra-
dation, (Karakoca et al, 2010). The pros-
thesis should be disinfected daily for 3 to 
5min by having the patients brushing their 
prosthesis gently. Disinfection is necessary 
not just to preserve the prostheses from 
microorganisms, but also to protect the 
surrounding tissues, (Goiato et al, 2010). 
To clean the prosthesis and avoid bacteria 
accumulation, disinfecting solutions con-
taining alkaline peroxides, chlorhexidine 
solutions, and neutral soap are usually uti-
lized, (Babu et al, 2018). Some research-
ers believe that digital friction, even when 
applied gently, causes the compounds in-
corporated into the elastomer matrix to 
detach, also cleaning silicone prostheses 
with chemical disinfection via immersion 
that has been proposed as an alternative 
but they all seem to influence the prop-
erties of an elastomer content, (Goiato et 
al, 2009a; Pesqueira et al, 2011; Eleni et 
al, 2013b). Since deterioration is directly 
linked to prosthesis aesthetics, leading to 
its replacement, the mechanical properties 
of maxillofacial elastomers must be similar 
to the facial part or tissue that is replaced 
and stay stable in performance, (Goiato et 
al, 2012). Disinfection may damage the 
material›s surface rather than its bulk. 

Thus, it could be interesting to look into 
not just an elastomer›s mechanical behav-
ior but its surface alterations, (Hatamleh 
et al, 2011). The resistance and durability 
of the facial prosthesis are dependent on 
the hardness of the used material. Simul-
taneously, the material should be soft and 
flexible enough to allow the patient›s facial 
musculature to move freely, (Goiato et al, 
2009a). Disinfection with Phytotherapy so-
lutions may be suitable for maxillofacial sil-
icone prostheses because the elastomers’ 
properties can be preserved, (Guiotti et al, 
2016b; Abdul-Ameer, 2020). Essential oils 
and plant extracts have been evaluated on 
a global scale as possible sources of new 
antimicrobial agents and alternatives to 
treat infectious diseases due to their anti-
fungal, antibacterial, and antiviral effects, 
(Astani et al, 2010). Many studies evalu-
ated the effect of plant extract solutions 
as a disinfectant solution on the hardness 
of maxillofacial silicone at different immer-
sion periods, (Guiotti et al, 2016b; Tetteh 
et al, 2018; Jaffer, 2019). A study made by 
Eleni et al, in 2013 also evaluated the sur-
face hardness of two maxillofacial silicone 
after disinfection, (Eleni et al, 2013a). 
Other studies were observed the surface 
roughness of the silicone material after dif-
ferent disinfection procedures, (Goiato et 
al, 2009b; Fouad and Moudhaffer, 2016; 
El Afandy and Fawzy, 2019). Origanum 
vulgare (Family- Lamiaceae) is an annual, 
perennial, and shrubby herb that is na-
tive to the Mediterranean, Euro-Siberian, 
and Irano-Siberian regions, (Vokou et al, 
1993). The long-standing use of Origa-
num vulgare in traditional medicine has 
prompted interest in developing novel 
pharmacological formulations in a variety 
of fields. Despite there were many medici-
nal qualities that have been discovered in 
recent studies, including antibacterial, an-
tiviral, antioxidant, and anti-inflammatory 
properties, (Oniga et al, 2018), but there 
was no previous search that studied the ef-
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fect of this plant extract on the properties 
of maxillofacial silicone materials. So, the 
purposes of this study were to evaluate 
the effect of oregano essential oil as a dis-
infection solution on the surface hardness 
and surface roughness of VST-30 silicone 
elastomer. 

Materials and Methods
A VST-30 Versiltal platinum-catalyzed, vi-
nyl terminated RTV silicone elastomer was 
used to fabricate the study specimens 
(Factor II Inc., Lakeside, USA). The mate-
rial was supplied in two parts, (A) was the 
base and (B) was the cross-linking agent 
catalyst. Forty specimens were fabricated 
and divided into four main groups (n=10), 
(I) is the control group without immersion, 
and the three other experimental groups 
divided according to immersion period (II) 
for one day, (III) for one month, and (IV) 
for six months.

Pilot study
The purpose of the pilot study was to iden-
tify the antibacterial activity of the Oregano 
oil and to establish the optimal concentra-
tion that prevents the growth of Staphy-
lococcus aureus and Staphylococcus epi-
dermidis. First, the oil was extracted by 
hydro-distillation using Clevenger appara-
tus, (Kulaksiz et al, 2018). The bacterial 
identification was made by the VITEK sys-
tem, (Biomerieux, France), (Sulaiman et 
al, 2018), and the bacterial suspension was 
prepared in Mueller Hinton Broth, (Sutton, 
2011). Agar-well diffusing test was used 
to determine the Minimum Inhibition Con-
centration (MIC) of the oil, (Kabbashi et 
al, 2015). Two-fold serial dilutions were 
made to obtain various concentrations of 
the essential oil to be distributed on the 
agar plate that was previously prepared 
and seeded with the bacterial inoculum. 
The concentrations of antimicrobial solu-
tion that inhibited the growth of the tested 
bacteria cultures were shown in table (1). 

The optimum concentration selected to be 
used in this study was 0.4%. 

Specimens preparation
To obtain the specimens, Auto CAD 2015 
computer software was used to design 
the mold dimensions, then by the aid of 
a plasma CNC (Computer Numerical Con-
trol) machine, the plastic matrices (Plexi, 
Korea) was made with holes that repre-
sent the square specimens› dimension of 
(25×25×6)mm width, length and thick-
ness respectively, (Chi, 2014). The silicone 
was mixed in the proportion of 10:1 for the 
base and catalyst following the recommen-
dation of the manufacturer’s instructions. 
The required amount of the base material 
was poured inside the bowl and placed in 
the vacuum mixer (Multivac 3 Degussa, 
Germany) for 5min in a clockwise direc-
tion and the vacuum was (28) inches HG 
according to the manufacturer’s instruc-
tions. The mixture was poured slowly and 
continuously until all the specimens holes 
were filled with silicone, then the cover 
was placed cautiously from one side and 
holding the other side away from the mold 
then slowly lay it over the mold. According 
to the manufacturer, the silicone was vul-
canized after 30min. After complete vul-
canization, the specimens were carefully 
removed from the mold, (Pinheiro et al, 
2014). Flashes and excess silicone were 
trimmed away by using sterile scissors. All 
specimens were stored in a zip-lock plastic 
bag inside a custom-made light-proof box 
till testing, (Abdul-Ameer, 2020).

Conditioning of the specimens
The experimental specimens were subject-
ed to disinfection by immersion in Oregano 
solution. The disinfection procedure was 
accomplished in three-time durations us-
ing simulating time of immersion, (Tetteh 
et al, 2018). 5min represents disinfec-
tion/1 day; 150min represents disinfec-
tion/1 month, and 900min represents dis-
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infection/6 month.

Testing procedures
Hardness test
The hardness of maxillofacial silicone ma-
terial was measured using the (Shore A) 
hardness tester durometer. The specimens 
were fabricated according to ISO 7619-
1:2010 specifications. The measurement 
method is based on the penetration of the 
needle onto the surface of the material 
with a constant load of 5N, Figure (1.A). 
Three readings were collected for each 
specimen and the average value was cal-
culated, (Çevik, 2018). 

Surface roughness test
Roughness is the measure of the finer ir-
regularities of surface texture that are 
characteristic of the materials. Surface 
roughness average (Ra) is estimated as 
the arithmetic regular deviation of the 
surface valleys and peaks conveyed in 
micro-inches or micrometers, (Al-Dharrab 
et al, 2013). For the measurements of the 
surface roughness test, a portable digital 
roughness tester (6200S, China) was used 
with a 6mm measurement course, Figure 
(1.B), three readings were taken for each 
specimen then the average mean value 
was achieved, (Goiato et al, 2009a). 

Scanning electron microscope (SEM)
SEM examination was established for one 
specimen from each group with ×500 
magnifications with an accelerating volt-
age of 10kV (Inspect S50, USA), (Babu et 
al, 2018).

Statistical analysis
Data were analyzed by using Statistical 
Package for Social Science (IBM SPSS-
V24) (SPSS, Chicago, Illinois, USA). One-
way ANOVA and post-hoc Tukey test (HSD) 
was used to analyze the significant differ-
ences between the experimental and the 
control groups at a level of significance (p 
≤ 0.05).  

Results
Figure (2) showed a decrease in the mean 
values for all the experimental groups with 
the highest mean value in the control group 
without immersion (I). The mean values of 
the experimental groups were highest in 
group (II)  of 1 day/immersion, followed 
by group (III) of 1 month/immersion, 
while the lowest mean value was in the 
group (IV) of 6 months/immersion. ANO-
VA test shows that there was a significant 
difference between the non-treated and 
the experimental treated groups as in, Ta-
ble (2). For further analysis, the post-hoc 
Tukey test (HSD) was used. It shows a sig-
nificant difference among the non-treated 
and other treated groups, but there were 
non-significant differences between differ-
ent immersion intervals, Table (3). 

Figure (1): A, Shore A durometer sur-
face hardness unit; B, Surface rough-
ness Profilometer testing device.

Figure (2): Box plot of Shore A hard-
ness represents the mean values.
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For the surface roughness, the higher 
mean value was in the group (II) of 1 
day/immersion followed by non-treated 
group (I) than that of the group (IV) of 
6 months/immersion, while group (III) 
of 1 month/immersion showed the least 
surface roughness mean value, Figure 
(3). In table (4), one-way ANOVA showed 
the non-significant differences among the 
studied  groups. Finally, the SEM images 
showed that silicone surfaces were tend-
ed to get less roughness after immersion, 
Figure (4).

Table (2): One-way ANOVA for shore 
A hardness among the study groups.

 

Table (3): Tukey HSD test of Shore A 
hardness test among the study groups.

Table 4: One-way ANOVA for surface 
roughness of all study groups.
        

Figure (3): Box plot of surface rough-
ness represents the mean values.

Figure (4): SEM image of VST 30 sili-
cone elastomer, A, Control specimen; 
B, After immersion for 1 day; C, After 
immersion for 1 month; and D, After 
immersion for 6 months.

Table (1): Mean values of inhibition 
zone of Oregano at different concen-
trations.



31

Volume 8, Issue 2, 2021Zainab A. Habeebulleh & Hawraa K. Aziz

Discussion
Maxillofacial elastomers› hardness should 
be kept within a wide range of acceptable 
values. Given the varied toughness and 
hardness of the various facial regions, this 
range is about between 10 and 45, depend-
ing on the region of the face that needed to 
be replaced, (Eleni et al, 2013a). However, 
the researchers claim that this increased 
softness is advantageous and that the ma-
terials are suitable for facial prostheses 
even when the Shore A units are less than 
25, (Goiato et al, 2009a). In this study, 
the hardness decreased significantly after 
immersion of the silicone specimens in the 
plant extract solution, this could be due to 
the decomposition of the cleaning solutions 
into carbon dioxide, carbon monoxide, and 
sulfur dioxide. That might cause changes 
in elastomers after disinfection with anti-
microbial solutions, which could lead to ei-
ther a harder or softer material, (Hatamleh 
and Watts, 2010). These findings concur 
with another study when they used Hy-
drastis Canadensis plant-extract solutions 
as an antimicrobial disinfectant and found 
that the hardness values were significant-
ly decreased after immersion, (Guiotti et 
al, 2016b). Long-term storage of silicone 
materials, according to the literature, can 
enhance water absorption, resulting in re-
duced hardness, (Babu et al, 2018). This 
could explain the significant decrease in 
hardness values which can be due to dis-
infection solution absorption after the im-
mersion period. These results may agree 
with Hatamleh et al, 2011, who found that 
after immersing silicone specimens in an 
antimicrobial silicone-cleaning solution for 
30 hours, the hardness was reduced. Babu 
et al. in 2018 also found a general de-
crease in hardness values after (60 days) 
disinfection period due to absorption of 
the disinfection solution, (Hatamleh et al, 
2011; Babu et al, 2018). Also, an agree-
ment was found with Tetteh et al., in 2018 
who found a significant decrease in hard-

ness values of silicone after immersion in 
tea tree and Manuka oil solutions for dif-
ferent time periods, (Tetteh et al, 2018). 
On the other hand, a disagreement was 
found between the present study results 
and that concluded by Jaffer in 2019 who 
inferred a significant increase in hardness 
values after using three concentrations of 
the Misiwak extract as disinfecting mate-
rial. This could be due to different silicone 
materials or different disinfection proce-
dures and materials used as a disinfectant, 
(Jaffer, 2019). According to the findings, 
the values of hardness in this study are 
considered to be clinically acceptable. The 
results of surface roughness of the three 
experimental groups showed a decreased 
mean value of roughness when compared 
with the non-treated group except for that 
of 1 day/immersion that showed a slight 
increase in the surface roughness. It›s 
possible that this is attributable to the low 
concentration of the essential oils, as well 
as the fact that all of the ingredients in 
the natural product have a low and harm-
less influence. The results agree with other 
studies that found that surface roughness 
of the silicone material was decreased after 
different disinfection procedures, (Goiato 
et al, 2009b; Fouad and Moudhaffer, 2016; 
El Afandy and Fawzy, 2019). According to 
the immersion intervals, the results indi-
cated a non-significant difference in the 
immersion period, this could be due to the 
low concentration of the essential oil. The 
silicone surface became less rough with 
time. This could be due to the completed 
polymeric chain that was promoted by the 
continuous polymerization process during 
immersion, (Goiato et al, 2009a). This is 
probably in agreement with Babu et al. in 
2018 who found a significant decrease in 
surface roughness values after 60 days of 
storage in a chemical disinfectant solution, 
(Babu et al, 2018). These findings, on the 
other hand, may disagree with those of Al-
Dharrab et al, in 2013, who found a sig-
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nificant increase in silicone surface rough-
ness after 6 months of storage. This could 
be due to the long immersion time, which 
caused chemical structure degradation, 
micro-cracks, and pores on the material›s 
surface, (Al-Dharrab et al, 2013).

Conclusions
Within the limitations of this study, the 
surface roughness of VST-30 maxillofa-
cial silicone was not significantly affected 
by the oregano plant-based solution as an 
antibacterial disinfectant, and even though 
the hardness was significantly decreased 
after the immersion, it was still within the 
acceptable clinical range.   
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