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Original research

The effect of ozone water disinfection on color stability of
nanoparticles reinforced maxillofacial silicones

Purpose

The aim of this study is to evaluate and compare the color stability of nanoparticles
reinforced maxillofacial silicone after disinfection with neutral soap, 4%
chlorhexidine, and ozone water.

Materials and Methods

According to ISO 4823, a metal die was fabricated, and 96 samples were created
using Room Temperature Vulcanizing silicone (RTV), Heat Temperature Vulcanizing
silicone (HTV), and 3% silicone dioxide nanoparticle-reinforced RTV and HTV
silicones. The samples were disinfected using neutral soap, 4% chlorhexidine,
and ozone water for 10 minutes, three times a day, for 60 days. The samples were
divided into four groups: Group 1 (RTV), Group 2 (3% SiO, nanoparticle-reinforced
RTV), Group 3 (HTV), and Group 4 (3% SiO2 nanoparticle-reinforced HTV). The color
stability of the maxillofacial silicones was evaluated before and after disinfection
using a UV spectrophotometer. The obtained color stability values were statistically
analyzed using two-way ANOVA and Tukey’s HSD test. Values were considered
significant when p<0.05.

Results

The 3% SiO, nanoparticle-reinforced HTV silicone showed better color stability
compared to HTV and RTV silicones, with the least difference observed in the 3%
SiO, nanoparticle-reinforced RTV.

Conclusion
Ozone water caused the least change in the color of maxillofacial silicone compared
to other disinfectant solutions.
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Introduction

The aim of each maxillofacial prosthodontist is to restore the patient’s
esthetics and phonetics, which will improve their self-esteem and help
them lead a near-normal life (1). The field of maxillofacial prosthetics pri-
marily deals with the replacement of maxillofacial structures by artificial
substitutes, which may be fixed or removable (2).

Color is the prime factor recognized by many patients who wear facial
prostheses (3-8). The main reasons for the discoloration of maxillofacial
silicone material are microbial in-growth, rupture, and aging. The prosthe-
sis is exposed to various environmental factors such as personal hygiene
products, environmental pollution, UV rays, temperature, humidity, skin
secretions, and disinfection solutions (9-15). Disinfection is essential for
the protection of the prosthesis as well as the surrounding tissues (16).

Hygiene is important for the health of the soft tissues underneath the
prostheses. Disinfection is a process used to eliminate microorganisms
from the maxillofacial silicone prosthesis without affecting its color and
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mechanical properties. The chemical solution used for dis-
infection should not elicit any reaction in human tissues
and should not affect the properties of the silicone. The
choice of disinfectant is based on antimicrobial effect, bio-
compatibility, and preservation of the material’s proper-
ties (17). Disinfectants such as effervescent tablets, neutral
soap, plant extract, sodium hypochlorite solution, and 4%
chlorhexidine are available to disinfect maxillofacial sili-
cone materials (18).

Nanomaterials play a significant role in basic scientific in-
novation and clinical dentistry by changing the properties of
materials (19). Nanomaterials such as titanium dioxide, bari-
um sulfate, ceramic powder makeup, and zinc oxide coloring
agents have been used as reinforcement materials in max-
illofacial silicones. Materials with small particle sizes have
large surface areas and strong interactions between the or-
ganic polymer and inorganic nanoparticles (20, 21). Silicon
dioxide (SiO,) nanoparticles (NPs) have more biomedical ap-
plications due to their biocompatibility (22-24). SiO, NPs are
small in size; hence they have strong interactions with the
organic polymer (25). Therefore, this study was conducted
to evaluate and compare the color stability of maxillofacial
silicone reinforced with SiO, nanoparticles after disinfection
with 4% chlorhexidine, neutral soap, and ozone water. A hy-
pothesis was formulated that there would be no differences
in color stability among the maxillofacial silicone materials
after disinfection.

Materials and Methods
Experimental design

According to ISO-4823, a master die in the shape of a ring,
measuring 3 mm in height and 30 mm in diameter, was cre-
ated (26) (Figure 1). A total of 96 disc-shaped samples were
fabricated using room temperature vulcanizing silicone
(RTV silicone, M511, Technovent P&O International, Delhi,
India) and heat temperature vulcanizing silicone (HTV sili-
cone, Copsil T-30, TN Resin, P&O International, Delhi, India).
Then, 3% SiO, nanoparticles (30 to 50 nm) were incorporat-
ed into both the RTV silicone and HTV silicone, resulting in
6 samples for each group. The study commenced following
the approval of the institutional review board (SRMU/M&HS/
SRMDC/2017/F/003).

Sample distribution

The samples made from room temperature vulcanizing
(RTV) silicone comprised Group 1. Room temperature vul-
canizing (RTV) silicone reinforced with 3% SiO, nanopar-
ticles comprised Group 2. Heat temperature vulcanizing
(HTV) silicone comprised Group 3. Heat temperature vul-
canizing (HTV) silicone reinforced with 3% SiO, nanopar-
ticles (NPs) comprised Group 4. Each group was further
subdivided based on the disinfection treatment. Samples
that were not disinfected were considered as the control
(Group A). The samples subjected to disinfection with
neutral soap were considered as Group B. Samples disin-
fected with 4% chlorhexidine were considered as Group
C. Samples disinfected with ozone water were considered
as Group D.

Figure 2. The spectrophotometer device used in this study.

Sample fabrication

Room temperature vulcanizing (RTV) maxillofacial silicone’s
base (10 gm) is mixed with 1 gm catalyst (10:1 ratio, totaling
11 gm) on a glass plate for 30 minutes using a stainless-steel
spatula to achieve a homogeneous mixture. This mixture is
then placed in a vacuum chamber for 20 minutes to remove air
bubbles. The mixture is poured into a stainless-steel split mold,
which is coated with a special separating medium and allowed
to dry for 30 minutes. The samples are left to cure at room tem-
perature (23 + 2°C) for 24 hours. After curing, the samples are
retrieved, and any excess material (flash) is trimmed off with a
sharp scalpel. Similarly, heat temperature vulcanizing (HTV) sil-
icone is mixed in a 1:1 ratio and poured into the stainless-steel
split mold. It is then allowed to polymerize at 90°C for 1 hour in
a hot air oven (Servo Enterprises, Chennai, India).

Experimental sample fabrication

RTV maxillofacial silicone (Technovent M511 RTV silicone,
PO Internationals, Haryana, India) base (10 gm) and cata-
lyst (1 gm) were weighed using a digital analytical balance.
Initially, SiO, nanoparticles (30 to 50 nm) (Aerosil, Pharm,
Mumbai, India) were added to the pre-weighed catalyst of
the maxillofacial silicone and mixed for 10 minutes. Then,
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the pre-weighed base was added and mixed for 30 min-
utes on a clean glass plate using a stainless-steel spatula to
achieve a homogeneous mix. This mixture was placed in a
vacuum chamber for 20 minutes to obtain an air bubble-free
sample. Next, the mixture was poured into a stainless-steel
split mold coated with a separating medium and allowed
to dry for 30 minutes, followed by polymerization at room
temperature (23 % 2°C) for 24 hours. After curing, the excess
material was trimmed off with a scalpel.

The HTV silicone (Copsil T-30 TN resin, PO Internationals,
Haryana, India) catalyst and base were taken in a 1:1 ratio. Ini-
tially, the SiO, nanoparticles were added to the pre-weighed
HTV silicone elastomer base and mixed for 30 minutes. Then,
the catalyst was added and mixed for 20 minutes on a clean
glass plate using a stainless-steel spatula to obtain a homo-
geneous mixture. This mixture was placed in a vacuum cham-
ber for 30 minutes to acquire an air bubble-free sample. The
mixture was then poured into a stainless-steel split mold and
allowed to polymerize at 90°C for 1 hour in a hot air oven. Fi-
nally, the excess material was trimmed off with a scalpel.

Disinfection procedure

The samples were disinfected using neutral soap (Johnson,
Chennai, India), 4% chlorhexidine (Microshield, Chennai, In-
dia), and ozone water for 10 minutes. After disinfection, the
samples were rinsed with water for 10 seconds. Ozone water
was produced by passing a high-voltage electrical discharge
at a constant flow rate into the apparatus and injecting it
into the diffuser through the output tube at a concentration
of 10 ppm. The ozone water was generated in the apparatus
for 20 minutes. Ozone is an unstable compound that deteri-
orates very quickly, with a half-life of 40 minutes at 20°C. The
disinfection procedure was repeated three times a day for
60 days. After each disinfection procedure, all samples were
stored in a light-proof black box at a controlled temperature
of 23 + 2°C and a relative humidity of 50 + 10%.

Evaluation of color stability

The color stability of the silicone was evaluated using a
UV light reflection spectrophotometer (MINOLTA spectro-
photometer CM-3600d, Chennai, India). The color changes
were calculated using the CIE Lab* system. In this system,
the “L" axis represents brightness, ranging from 0 (black) to
100 (perfect white). The coordinate “a” indicates the amount
of red (positive values) and green (negative values), while
the coordinate “b” represents the amount of yellow (positive
values) and blue (negative values). The system calculates the
value of AE (color change) between two readings using the
following formula (25) : AE = [ (AL)? + (Aa)*+ (Ab)2]'2

Statistical analysis

The values were statistically analyzed using SPSS version
17 (IBM, Armonk, NY, United States). The sample size was es-
tablished using power analysis at a 95% confidence interval
(a = 0.05). The results were analyzed using two-way ANOVA
and Tukey’s HSD post hoc test. A significance value of p<0.05
was considered statistically significant.

Results

The mean and standard deviation of color change in the
maxillofacial silicones after disinfection are listed in Table
1. The within-group comparisons were performed using
two-way ANOVA and are presented in Table 2. Multiple
group comparisons among the disinfection solutions were
conducted using Tukey’s HSD test. A significance value of
p<0.05 indicated significant changes in color among the dis-
infection solutions for all the maxillofacial silicone materials
(Table 3). The samples disinfected with ozone water exhib-
ited the least color change compared to those disinfected
with neutral soap and 4% chlorhexidine. Multiple group
comparisons among the silicone materials were also con-
ducted using Tukey’s HSD test (Table 4). The results showed
a significant difference in color change among RTV, HTV, and
3% SiO,-reinforced RTV and HTV silicones.

Discussion

Maxillofacial silicone is a popular material used for the fab-
rication of maxillofacial prostheses due to its physical and
mechanical properties. Typically, silicone pigmentation is
achieved by adding opacifiers and nanoparticles to the base
(15, 27). These additions block ultraviolet rays, thereby re-
ducing color instability (18, 28).

Soap consists of water, alkali, and cassia. Evidence of the
use of materials like soap dates to 2800 BC. Previous studies
have shown that neutral soap has antibacterial and antimi-
crobial effects (29). Four percent chlorhexidine has a rapid
antimicrobial action, making it useful as a topical antibiotic

Table 1. Mean and standard deviation of color stability.

Materials Disinfection Solutions = Mean Std. Deviation
RTV Neutral soap 6.6533 1.19709
4%chlrohexidine 7.9900 1.05451
Ozone water 4.4000 1.41944
Total 6.3478 1.91440
3%RTV Neutral soap 4,0833 .58674
4%chlrohexidine 6.5700 1.45737
Ozone water 2.9900 53826
Total 45478 1.78524
HTV Neutral soap 7.3533 .97885
4%chlrohexidine 8.1033 1.04086
Ozone water 4.1067 .69044
Total 6.5211 1.98145
3%HTV Neutral soap 4.2400 94986
4%chlrohexidine 5.8417 1.28672
Ozone water 2.8617 .81969
Total 43144 1.58745
Total Neutral soap 5.5825 1.72176
4%chlrohexidine 7.1263 1.50126
Ozone water 3.5896 1.10624
Total 5.4328 2.05237
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Table 2. Two-way ANOVA results for color stability (R Squared =.782, Adjusted R Squared = .742).

Source Type lll Sum of Squares df Mean Square F Sig.
Corrected Model 233.740a 11 21.249 19.516 .000
Intercept 2125.085 1 2125.085 1951.743 .000
Materials 73.001 3 24.334 22.349 .000
Disinfection solutions 150.903 2 75.452 69.297 .000
Materials * Disinfection solutions 9.836 6 1.639 1.506 192
Error 65.329 60 1.089

Total 2424.154 72

Corrected Total 299.069 71

Table 3. Tukey HSD test for pairwise group comparisons for disinfection solution.

95% Confidence Interval

() Disinfection Solutions  (J) Disinfection Solutions = Mean Difference (I-J) Std.Error  Sig.
Lower Bound Upper Bound

4%chlrohexidine -1.5437* 30122 .000 -2.2677 -.8198
Neutral soap

Ozone water 1.9929* 30122 .000 1.2690 2.7168

Neutral soap 1.5437* 30122 .000 .8198 2.2677
4%chlrohexidine

Ozone water 3.5367* 30122 .000 2.8128 4.2606

Neutral soap -1.9929* 30122 .000 -2.7168 -1.2690
Ozone water

4%chlrohexidine -3.5367* 30122 .000 -4.2606 -2.8128

Table 4. Tukey HSD test for multiple group comparison for maxillofacial silicone The error term is Mean Square(Error) = 1.089.

959% Confidence Interval

(I) Materials (J) Materials Mean Difference (I-J) Std. Error Sig.
Lower Bound Upper Bound
3%RTV 1.8000* 34782 .000 .8809 2.7191
RTV HTV -1733 34782 .959 -1.0925 .7458
3%HTV 2.0333* 34782 .000 1.1142 2.9525
RTV -1.8000* 34782 .000 -2.7191 -.8809
3%RTV HTV -1.9733* .34782 .000 -2.8925 -1.0542
3%HTV 2333 34782 .908 -.6858 1.1525
RTV 1733 34782 959 -.7458 1.0925
HTV 3%RTV 1.9733* 34782 .000 1.0542 2.8925
3%HTV 2.2067* 34782 .000 1.2875 3.1258
RTV -2.0333* .34782 .000 -2.9525 -1.1142
3%HTV 3%RTV -.2333 34782 .908 -1.1525 .6858
HTV -2.2067* .34782 .000 -3.1258 -1.2875

solution for the skin and as a wound cleanser. It is effective
against all kinds of microbial agents and yeast (30, 31). Ozone
water has antimicrobial, disinfectant, biocompatibility, and
healing properties, which is why it has been proposed for
various treatments in dentistry. Thus, neutral soap, 4% chlor-
hexidine, and ozone water were selected for the disinfection
of maxillofacial silicone materials (32).

Polyzois et al. (15) mentioned in their study that a Delta
E value greater than 2 units indicates a perceptible color
change. All the AE values obtained in this research were
higher than the threshold value for human eye percep-
tion. Therefore, the results indicate that significant color

change occurred during the polymerization of the silicone
after disinfection with neutral soap, 4% chlorhexidine, and
ozone water (33). Nanoparticles act as UV shields; their
electrons vibrate when exposed to UV radiation, scattering
light among themselves. Thus, the smaller the nanoparti-
cles, the better the protection against solar radiation (34).
Nano-sized SiO,, TiO,, and ZnO have strong interfacial re-
actions with the organic polymer. This improves the phys-
ical and optical properties of the organic polymer and in-
creases its resistance to environmental aging. Additionally,
nanoparticles block UV rays, which enhances the color sta-
bility of silicone elastomer (35).
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In this research, the samples were disinfected with neu-
tral soap, 4% chlorhexidine, and ozone water for 10 minutes,
three times a day, for 60 days, and significant differences in
the color of RTV and HTV with 3% SiO, NP reinforced RTV
and HTV silicones were observed. Group 4, containing 3%
SiO, NPs reinforced HTV silicone, showed the least change in
color after disinfection compared to Groups 1, 2, and 3 max-
illofacial silicone materials. Ozone water also had the least
effect on color compared to neutral soap and 4% chlorhexi-
dine, thereby rejecting the null hypothesis.

Previous study results showed that titanium dioxide,
barium sulfate, ceramic powder makeup, and zinc oxide
nanoparticles reinforced maxillofacial silicone exhibited
greater color stability (36). The results of the present study
confirmed these findings, as SiO, NPs have strong interfa-
cial reactions with the organic polymer. Aimee Maria Guiotti
et al. (37) found the mean color stability of maxillofacial sili-
cone for neutral soap to be 6.92 (1.56) and for 4% chlorhexi-
dine to be 7.65 (1.35). In the present study, the color stability
obtained for room temperature vulcanizing (RTV) silicone
was 6.65 (1.19) for neutral soap, 7.99 (1.05) for 4% chlorhex-
idine, and 4.40 (1.42) for ozone water, which validated the
results of the previous study. The results showed statistically
significant changes in the color stability of maxillofacial sil-
icone disinfected with neutral soap, 4% chlorhexidine, and
ozone water (P<0.05). Ozone water showed the least signif-
icant difference in color stability compared to neutral soap
and chlorhexidine disinfection because ozone water cannot
penetrate as deeply as other disinfection solutions (38).

The AE value of room temperature vulcanizing (RTV) sil-
icone, with 3% SiO, NPs in RTV, exhibited a lower AE value
than heat temperature vulcanizing (HTV) silicone and 3%
SiO, NPs in HTV silicone. Therefore, HTV silicone and 3%
SiO, NP-reinforced HTV silicones can be recommended for
the fabrication of maxillofacial prostheses due to their better
color stability. A limitation of the study is that the manipu-
lation of maxillofacial silicone material with NPs was done
manually, and uniform mixing cannot be ensured. Ozone
water caused the least change, but it might still be unaccept-
able regarding color change. Therefore, clinical correlation
of the parameters is required to validate the study’s results.
Ozone water showed the least change in the color stability
of maxillofacial silicone, so it can be used as a disinfection
solution for maxillofacial silicones.

Conclusion

The 3% SiO, NPs-reinforced HTV silicone showed better
color stability compared to HTV and RTV silicones, but the
least difference was observed with 3% SiO, NP-reinforced
RTV. Neutral soap, 4% chlorhexidine, and ozone water
showed statistically significant changes in the color stabil-
ity of maxillofacial silicone. Ozone water caused the least
change in the color of maxillofacial silicone compared to
other disinfectant solutions; hence, it can be recommended
for the disinfection of maxillofacial silicones.

Tiirkce 06z: Ozon suyu ile dezenfeksiyonun nanopartikiillerle
gliclendirilmis maksillofasiyal silikonlarin renk stabilitesi lizerindeki etkisi.
Amag: Bu ¢alismanin amaci, nétr sabun, %4 klorheksidin ve ozon suyu ile
dezenfeksiyonsonrasindananopartikiillerlegticlendirilmis maksillofasiyal

silikonun renk stabilitesini degerlendirmek ve karsilastirmaktir. Gere¢
ve Yéntem: ISO 4823' gdre bir metal kalip retildi ve oda sicakhginda
vulkanize edilen silikon (RTV), yiiksek sicaklikta vulkanize edilen silikon
(HTV) ve %3 silikon dioksit nanopartikiil ile gliclendirilmis RTV ve HTV
silikonlari kullanilarak 96 numune olusturuldu. Numuneler, 60 giin
boyunca giinde (i¢ kez, 10 dakika siireyle nétr sabun, %4 klorheksidin
ve ozon suyu kullanilarak dezenfekte edildi. Numuneler su dort gruba
aynildi: Grup 1 (RTV), Grup 2 (%3 SiO, nanopartikiil ile gliclendirilmis
RTV), Grup 3 (HTV) ve Grup 4 (%3 SiO, nanopartikiil ile gliclendirilmis
HTV). Maksillofasiyal silikonlarin renk stabilitesi, dezenfeksiyon 6ncesi ve
sonrasi UV spektrofotometre kullanilarak degerlendirildi. Elde edilen renk
stabilitesi degerleri, iki yénlii ANOVA ve Tukey’nin HSD testi kullanilarak
istatistiksel olarak analiz edildi. Degerler, p < 0.05 oldugunda anlamli
kabul edildi. Bulgular: %3 SiO, nanopartikiil ile gliclendirilmis HTV
silikon, HTV ve RTV silikonlarina kiyasla daha iyi renk stabilitesi gdsterdi.
En az fark, %3 SiO, nanopartikiil ile gliclendirilmis RTV'de gézlemlendi.
Sonug: Maksillofasiyal silikonun renginde en az degisikliGe neden olan
dezenfektan ¢6zeltisi ozon suyu oldu. Anahtar Kelimeler: renk stabilitesi;
dezenfeksiyon; maksillofasiyal silikon; nanopartikdiller; ozon

Ethics Committee Approval: This study has been reviewed and
approved by the local ethics committee (SRMU/M&HS/SRMD-
C/2017/F/003).

Informed Consent: Not required.
Peer-review: Externally peer-reviewed.

Author contributions: ASC, MB participated in designing the study.
SD, ASC, MB participated in generating the data for the study. SD,
ASC, MB participated in gathering the data for the study. SD, ASC
participated in the analysis of the data. SD, ASC participated in writ-
ing the paper. SD has had access to all raw data of the study. ASC has
reviewed the pertinent raw data on which the results and conclu-
sions of this study are based. SD, ASC, MB have approved the final
version of this paper. ASC guarantees that all individuals who meet
the Journal’s authorship criteria are included as authors of this paper.

Conflict of Interest: The authors declared that they have no conflict
of interest.

Financial Disclosure: The authors declared that they have received
no financial support.

References

1. Karayazgan B, Gunay Y, Evlioglu G. Improved edge strength in
a facial prosthesis by incorporation of tulle: a clinical report. J
Prosthet Dent 2003; 90:526-29. [CrossRef]

2. The glossary of prosthodontic terms. Ninth edition. J Prosthet
Dent 2017;117: e1-105. [CrossRef]

3. Goiato MC Pesqueira AA, Ramos da Silva C, Gennari Filho H,
Micheline Dos Santos D. Patient satisfaction with maxillofacial
prosthesis: literature review. J Plast Reconst Aesthet Surg 2009;
62:175-80. [CrossRef]

4. Goiato MC, Pesqueira AA, dos Santos DM, Zavanelli AC, Ribeiro
Pdo P. Color stability comparison of silicone facial prostheses
following disinfection. J Prosthodont 2009;18: 242-44. [CrossRef]

5. Kiat-amnuayS, Johnston DA, Powers JM, Jacob RF. Color stability
of dry earth pigmented maxillofacial silicone A-2186 subjected
to microwave energy exposure. J Prosthodont 2005;14: 91-6.
[CrossRef]

6. Lontz JF. State of the art materials used for maxillofacial
prosthetic reconstruction. Dent Clin North Am 1990; 34: 307-25.
[CrossRef]

7. Tran NH, Scarbecz M, Gary JJ. In vitro evaluation of color change
in maxillofacial elastomer through the use of an ultraviolet light
absorber and a hindered amine light stabilizer. J Prosthet Dent
2004; 91:483-90. [CrossRef]


https://doi.org/10.1016/j.prosdent.2003.08.002
https://doi.org/10.1016/j.prosdent.2016.12.001
https://doi.org/10.1016/j.bjps.2008.06.084
https://doi.org/10.1111/j.1532-849X.2008.00411.x
https://doi.org/10.1111/j.1532-849X.2005.00017.x
https://doi.org/10.1016/S0011-8532(22)01149-1
https://doi.org/10.1016/j.prosdent.2004.02.021

132

Suji D, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Gary JJ, Smith CT. Pigments and their application in maxillofacial
elastomers: a literature review. J Prosthet Dent 1998; 80:204-8.
[CrossRef]

Mancuso DN Goiato MC, Santos DM. Color stability after
accelerated aging of two silicones, pigmented or not, for use in
facial prostheses. Braz Oral Res 2009; 23:144-48. [CrossRef]
Abinaya K, Muthu Kumar B, Ahila SC. Evaluation of surface
quality of silicone impression materials after disinfection with
ozone water: An in vitro study. Contemp Clin Dent 2018;9: 60-4.
[CrossRef]

Fernandes AUR, Goiato MC, Batista MA, Santos DM. Color
alteration of the paint used for iris painting in ocular prostheses.
Braz Oral Res 2009; 23:386-92. [CrossRef]

Gary JJ, Huget EF, Powell LD. Accelerated color change in a
maxillofacial elastomer with and without pigmentation. J
Prosthet Dent 2001; 85:614-20. [CrossRef]

Guiotti AM, Goiato MC. Dimensional changing and maintenance
of details evaluations of a silicone for use in maxillofacial
prosthesis. J Dent Res 2003; 82:250-56.

Kiat-Amnuay S, Mekayarajjananonth T, Powers JM, Chambers
MS, Lemon JC. Interactions of pigments and opacifiers on
color stability of MDX4-4210/type A maxillofacial elastomers
subjected to artificial aging. J Prosthet Dent 2006; 95:249-57.
[CrossRef]

Watson RM, Coward TJ, Forman GH. Results of treatment of 20
patients with implant-retained auricular prostheses. Int J Oral
Maxillofac Implants 1995;10: 445-49.

Goiato MC, Haddad MF, Sinhoreti MA, dos Santos DM, Pesqueira
AA, Moreno A. Influence of opacifiers on dimensional stability
and detail reproduction of maxillofacial silicone elastomer.
Biomed Eng Online 2010; 9:85-90. [CrossRef]

Nikawa H, Iwanaga H, Hamada T, Yuhta S. Effects of denture
cleansers on direct soft denture lining materials. J Prosthet Dent
1994; 72:657-62. [CrossRef]

Firtell, Bartlett SO. Maxillo-facial prostheses: Reproducible
fabrication. J Prosthet Dent 1969; 22: 247-52. [CrossRef]

Adams WW, Baughman RH. Retrospective: Richard E. Smalley
(1943-2005). Science 2005; 310:1916- 2005. [CrossRef]

Tang Erjun, Cheng G, Pang X, Ma X, Xing F. Synthesis of nano-
ZnO/poly(methyl methacrylate) composite microsphere
through emulsion polymerization and its UV-shielding
property. Colloid Polym Sci 2006; 284:422-28. [CrossRef]

Han Y, Zhao Y, Xie C, Powers JM, Kiat-amnuay S.Color stability
of pigmented maxillofacial silicone elastomer: effects of nano-
oxides as opacifiers. J Dent 2010;38: e100-e5. [CrossRef]

Wang L, Zhao W, Tan W. Bio-conjugated silica nano-particles:
development and applications. Nano Research 2008;1: 99-115.
[CrossRef]

Barbe CJohn B,Linggen KKim FHui QL Michael L, Sandrine
C, Alexandra B, Gerald C.Silica particles: a novel drug-delivery
system. Advanced Materials 2004; 16:1959-66. [CrossRef]

an Schooneveld MM VucicE, Koole R, ZhouY, Stocks J, Cormode
DP, Tang CY, Gordon RE, Nicolay K, Meijerink A, Fayad ZA, Mulder

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

WJ.Improved biocompatibility and pharmacokinetics of silica
nanoparticles by means of a lipid coating: a multimodality
investigation. Nano Letters 2008;8: 2517-25. [CrossRef]

Bocci V. Oxygen-ozone therapy. A critical evaluation. 1st ed.
Dordrecht: Kluwer Academic Publishers; 2002. [CrossRef]
Planes E, Chazeau Laurent\Vigier G, Stuhldreier T. Influence
of silica fillers on the ageing by gamma radiation of EDPM
nanocomposites. Composites Science and Technology 2010;
70:1530-36. [CrossRef]

Commission Internationale de I'Eclairage (CIE). Colorimetry
official recommendations of the Commission Internationale
de I'Eclairage. CIE Publication No. 15 (E-1.3.1). Vienna (Austria):
Bureau Central de la CIE, 1996.

Ahmed Yaseen A. Material of facial prosthesis: history and
advantage. Int J Contemp Dent Med Rev 2015; 11: 1- 4.
Mordecai BR. The history of ozone. Bull His Chem 2001; 26:40-
50.

Sweeney WT, Fischer TE, Castleberry DJ, Cowperthwaite GF.
Evaluation of improved maxillo-facial prosthetic materials. J
Prosthet Dent 1972; 27: 297-305. [CrossRef]

Panagiota NE, Krokida MK, Polyzois GL, Gettleman L. Dynamic
mechanical thermal analysis of maxillo-facial prosthetic
elastomers: the effect of different disinfecting aging procedures.
J Craniofac Surg 2014; 25: 215-55. [CrossRef]

Faoagali JL, George N, Fong J, Davy J, Dowser M. Comparison
of the antibacterial efficacy of 4% chlorhexidine gluconate and
1% triclos an handwash products in an acute clinical ward. Am J
Infect Control 1999; 27: 320-32. [CrossRef]

Amir A, Hardy L. The application of ozone in dentistry: A
systematic review of literature. J Dent 2008; 36: 104-16.
[CrossRef]

Polyzois GL, Tarantili PA, Frangou MJ, Andreopoulos AG.Physical
properties of a silicone prosthetic elastomer stored in simulated
skin secretions. J Prosthet Dent 2000; 83:57277. [CrossRef]

Han Y, Zhao Y, Xie C, Powers JM, Kiat-amnuay S. Color stability
of pigmented maxillofacial silicone elastomer: Effects of
nanooxides as opacifiers. J Dent 2010;38 Suppl 2: e1005.
[CrossRef]

Akash RN, Guttal SS. Effect of incorporation of nano-oxides on
color stability of maxillofacial silicone elastomer subjected to
outdoor weathering. J Prosthodont 2015; 24:56975. [CrossRef]
Alka Gupta, Deshraj J, Kartikey T, Bhujle AG. Dynamic visco-
elastic analysis of silicone maxillo-facial prosthetic material
using custom-made dynamic visco-elastometer and LASER
measuring device. J Ind Prosthodont Soc 2017; 9:127-34.
[CrossRef]

Aimee MG. Comparison of conventional and plant extract
disinfection solution on the hardness and color stability of
maxilla-facial elastomer after artificial aging. J Prosthet Dent
2015:1-7.

Bahteja S. The miraculous healing therapy - Ozone therapy in
dentistry. Int J Dent 2012; 3: 150-55. [CrossRef]


https://doi.org/10.1016/S0022-3913(98)70111-8
https://doi.org/10.1590/S1806-83242009000200009
https://doi.org/10.4103/ccd.ccd_747_17
https://doi.org/10.1590/S1806-83242009000400007
https://doi.org/10.1067/mpr.2001.114683
https://doi.org/10.1016/j.prosdent.2005.12.006
https://doi.org/10.1186/1475-925X-9-85
https://doi.org/10.1016/0022-3913(94)90300-X
https://doi.org/10.1016/0022-3913(69)90253-4
https://doi.org/10.1126/science.1122120
https://doi.org/10.1007/s00396-005-1389-z
https://doi.org/10.1016/j.jdent.2010.05.009
https://doi.org/10.1007/s12274-008-8018-3
https://doi.org/10.1002/adma.200400771
https://doi.org/10.1021/nl801596a
https://doi.org/10.1007/978-94-015-9952-8
https://doi.org/10.1016/j.compscitech.2010.05.010
https://doi.org/10.1016/0022-3913(72)90039-X
https://doi.org/10.1097/SCS.0000000000000556
https://doi.org/10.1016/S0196-6553(99)70051-9
https://doi.org/10.1016/j.jdent.2007.11.008
https://doi.org/10.1016/S0022-3913(00)70017-5
https://doi.org/10.1016/j.jdent.2010.05.009
https://doi.org/10.1111/jopr.12252
https://doi.org/10.4103/0972-4052.57081
https://doi.org/10.1016/j.ijd.2012.04.004

