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Purpose: The purpose of this study was to determine the influence of chlorine dioxide (ClO,) on the physical
properties of commercial denture base materials.

Materials and Methods: One heat-polymerized denture base acrylic resin and three metallic materials;
gold-silver-palladium alloy, pure titanium, and cobalt-chromium (Co-Cr) alloy, were used in the study. Three
types of commercial denture cleansers Polident (POL), Pika (PIK), and Kirari (KIR) were used. And ClO, was
used at the following three concentrations: 1, 10, and 100 ppm. The flexural strength and flexural modulus of
denture base resin were measured using universal testing machine. And the colour stability and surface
morphology of dental metal materials were measured using colorimeter and scanning electron microscope.
Results: Flexural strength of the resin blocks was 70 MPa or more for all denture cleanser after 90 days of
immersion. The flexural modulus was greater than 2,000 MPa specified in ISO standards for all test specimens.
The specimens of Co-Cr immersed in ClO; exhibited high values after immersing for 90 days at 10 ppm and for
all immersing times at 100 ppm concentration.

Conclusion: The following conclusions were drawn: 1) low concentrations of ClO, cause less discoloration than
commercially available denture cleansers; and 2) low concentrations of ClO; are suitable for use as denture
cleanser. (Asian Pac J Dent 2013; 13: 27-35.)
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Introduction

Currently, life expectancy of individuals in Japan is the longest in the world, with the percentage of elderly
individuals in the population exceeding more than the 14% defined by the United Nations to indicate the elderly
society. In 2012, a Cabinet Office survey found that the rate of aging was 24.1%, indicating that Japan was now
a super-aging society (http://www8.cao.go.jp/kourei/whitepaper/index-w.html), and the aging population is
expected to continually increase in the future at a rate unseen elsewhere in the world. Many elderly individuals
wear dentures, with the proportion of denture wearers known to increase in late-stage elderly individuals.
Promotion of the 8020 movement has seen a reduction in the number of missing teeth, but it has been reported
that the number of elderly individuals requiring dentures will increase in the future.

The ability to comfortably continuously use dentures is very important for the maintenance and improvement
of the quality of life in the elderly, and denture maintenance is an essential element in denture comfort.
However, the cleaning process, which is a pivotal part of denture maintenance, is often not correctly performed,
leaving many dentures clearly dirty. Reasons for this include the fact that cleaning is often performed by staff
other than dentists or dental hygienists at long-term healthcare facilities and hospitals, and many facilities are
inadequately staffed. It has also been reported that denture plaque-derived microorganisms can easily enter the
denture base resin and cause infections with symptoms such as denture stomatitis."” Consequently, we believe
that denture cleaning and denture plaque control are not being ideally conducted.

There are two methods of cleaning dentures, chemical cleaning and mechanical cleaning.>* Chemical denture
cleaning is performed using a denture cleanser, the active ingredient of which is a disinfectant that kills

microorganisms and cleans the dentures. For mechanical cleaning, denture brushes and ultrasonic cleaning
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devices are used to mechanically remove microorganisms and stains from the denture surface. Because
mechanical cleaning should be manually performed, many elderly individuals find it difficult to correctly
execute this, particularly those who require care. Despite this, it is extremely important for elderly individuals
that both the intraoral cavity and dentures are kept clean in order to prevent serious conditions such as aspiration
pneumonitis. Therefore, the use of denture cleaning preparations is indispensable.

Currently, commercially available denture cleaning preparations can be divided according to their active
ingredient into peroxides, enzymes, acids, hypochlorous acids, Ag'-apatite, and crude drug.* All these
preparations are widely used to suppress colony formation of Candida-type fungi such as Candida albicans and
to prevent and remove denture plaque formation.*® However, there is evidence that the daily use of denture
cleaning preparations can affect the physical properties and mechanical nature of the denture base resin.'*"
Moreover, it has been reported that alkaline components such as NaOH contained in some denture cleaning
preparations can cause rust and discoloration of the metal parts of the dentures.'®"®

Although hypochlorous acid offers the greatest bactericidal effects, denture cleanser, in which this is the
active ingredient are almost all exclusively used by dentists, strong metal corrosive effects have also been
reported.'”” The most commonly used commercially available denture cleaning preparations contain peroxides
such as H,O, as their active ingredient. Alkaline chemicals are considered to have harmful effects on the denture
materials, while neutral chemicals are reported to have poor stain removal effects. Moreover, enzymes are
reported to have few harmful effects on denture materials and are suitable as a tissue conditioner or for cleaning

soft lining material but have poor cleaning effects.*’

It has also been reported that denture cleanser can be
accidentally consumed by the elderly who suffer from reduced decision-making ability," suggesting that
preparations containing active ingredients that are safer for humans are required.

Taking all the above into account, we focused on chlorine dioxide (ClO,) as a possible active ingredient for a
new type of denture cleanser. ClO,is used as a disinfectant for the highly virulent influenza virus and was
approved as the first food additive with oxidizing disinfectant properties in the 218th ordinance of the Ministry
of Health, Labor and Welfare, which was a partial revision of standards for food additives (370th ordinance of
the Ministry of Health, Labor, and Welfare) released in 1994. Because it is very safe, it is used to treat drinking
water. Previous studies in the literature regarding ClO, have shown that its high oxidizability offers greater

antibacterial effects and faster treatment times than chemicals such as NaOCl and H202.20'21

However, very few
studies have investigated the effects of C1O, on denture base materials.

Thus, the present study investigated the effects of ClO,, as a novel active ingredient in denture cleanser, on
physical properties of denture base resin and cast surface color stability of the following three types of metallic

materials: 12% gold-silver-palladium alloy (Para), pure titanium (CpTi) and cobalt—chromium alloy (CoCr).

Materials and Methods

Table 1 shows the commercial denture cleansers used in this study. A total of three types were used,
peroxide-type Polident (POL), hypochlorous acid-type Pika (PIK), and titanium dioxide-type Kirari (KIR).

When using the denture cleaning solutions, we used one tablet or one packet of each solution dissolved in 150
mL of distilled water. We also used distilled water as control. ClO, was used at the following three
concentrations: 1, 10, and 100 ppm. Commercially available denture cleaning solutions were changed daily,

while the C1O; solutions were changed weekly.
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Table 1. Commercial denture cleansers used in this study

Code Material Type Manufacturer

Con Distilled water

POL Polident Peroxide Glaxo Smith Kline K.K.

PIK Pika (Red) Hypochlorite Rohto Pharmaceutical Co., Ltd.
KIR Kirari Titanium dioxide Nissin Dental Products Inc.

Effects on physical properties of denture base resin

One heat-polymerized acrylic denture base resin (live pink with fiber; Acron, GC Co., Tokyo, Japan) was used.
Rectangular blocks (65x10x3 mm) of denture base resin were polymerized according to the manufacturer’s
recommended procedures. After polymerization the specimens were stored in distilled water for 24 hours at
37°C. The surfaces of the specimens were abraded with 1,200 grit waterproof abrasive paper, scrubbed with tap
water and air-dried. Five specimens were immersed into each denture cleanser solutions for 24 hours at 23+2°C.

After immersion in each denture cleanser solutions for 0, 1, 2, 14, 30, and 90 days, the flexural strength,
flexural modulus, and flexural deflection of each specimens were measured according to the ISO20795-1
recommended procedures,” using universal testing machine (Instron5565, Instron Co., Canton, MA, USA). All
data were analyzed by one-way and three-way analysis of variance (ANOVA) with a Tukey’s multiple
comparison test at a 5% level of significance.
Effects on surface properties of metallic materials

Table 2 shows the metallic materials used in this experiment. We used the following three types of metals
commonly used in removable prosthodontic devices: cobalt-chromium alloy (CoCr), 12% gold-silver-palladium
alloy (Para), and pure titanium (CpTi). The metal samples (20x10x2 mm) were cast according to the
manufacturer’s directions. Only one side of each specimen was mirror polished. A total of 21 specimens were
prepared, and three pieces of each were immersed in each of the denture cleanser solutions for 24 hours at

23+2°C.

Table 2. Metallic materials used in this study

Code Material Type Components (%) Manufacturer

Para Cast Master 12 Gold-silver-palladium Ag 48, Pd 20, Cu 17, Au 12, Others 3 IDS Co., Ltd.

CpTi 8020 Pure Titan  Pure titanium Ti 99.3, Others 0.07 Shimizutech Co., Ltd.

CoCr Dan-cobalt Cobalt-chromium Co0 60.7, Cr 31.3, Mo 6, Others 2 Nihon Shika Kinzoku Co., Ltd.

After immersion in the denture cleanser solutions for 30, 60, and 90 days, color changes were measured with a
colorimeter (CR-321, Konica Minolta Optics Co., Tokyo, Japan) and evaluated using the CIE L*a*b* color

23
system.

The CIE L*a*b* color system is based on three parameters for defining color: L*, a*, and b*, where
L* stands for lightness, a* for redness-greenness, and b* for yellowness-blueness. The individual white color
index of the instrument was used as a color control, according to the manufacturer’s instructions. The color
change (AE¥) of each specimen was calculated as follows: AE”‘=[(AL”‘)Z-F(A21>")2+(Ab*)2]1/2.23

The specimen surfaces were also observed using a scanning electron microscope (SEM; JSM-639LA, JEOL

Ltd., Tokyo, Japan). All data were analyzed by one-way and three-way ANOVAs with a Tukey’s multiple

comparison test at a 5% level of significance.

29



Shinhara et al. Asian Pac J Dent 2013; 13: 27-35.

Results

Effects on physical properties of denture base resin

Figure 1 shows changes over time in the flexural strength for each specimen. Flexural strength of the resin
blocks was 70 MPa or more for all denture cleansers after 90 days of immersion. However, at the end of the 90
days’ immersion, flexural strength value was decreased than that before immersion for all denture cleansers.
Nevertheless, flexural strength after 90 days’ immersion in the ClO, solution was greater than 65 MPa specified
in ISO standards for denture base resin.

Figure 2 shows changes over time in flexural modulus. The flexural modulus was greater than 2,000 MPa
specified in ISO standards for all specimens. Figure 3 shows changes over time in the flexural deflection. No
significant differences indicated for any of the denture cleansers over the 90 days’ immersion period compared

with pre-immersion values.
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Fig. 1. Variations in flexural strength with immersion time Fig. 2. Variations in flexural modulus with immersion time
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Fig. 7. SEM image of Para after immersion 90 days
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Fig. 8. SEM image of CpTi after immersion 90 days
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Fig. 9. SEM image of CoCr after immersion 90 days
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Effects on surface properties of metallic materials

Figures 4, 5, and 6 show the AE*ab values for each specimen. After immersin in C1O, and POL solutions, the
AE*ab values of Para were higher than those of any other denture cleansers as well as commercially available
denture cleansers at all concentrations and all immersion times. With CpTi, the specimens of immersed in PIK
and KIR exhibited high AE*ab values for all immersion times. No significant differences were indicated
between any other denture cleanser solutions or immersion times. CoCr specimens exhibited high AE*ab values
after being immersed for 30 days in POL. The specimens immersed in CIO, exhibited high values after
immersion for 90 days at 10 ppm and for all immersion times at 100 ppm concentration.

Figures 7, 8, and 9 show SEM images for each specimen. No marked changes were observed in any of the
metal parts immersed in distilled water. All Para specimens immersed in ClO, exhibited surface roughness,
which tended to become more marked with increasing concentrations between 1-100 ppm. The surfaces of Para
specimens immersed in POL exhibited more marked surface roughness than those immersed in KIR or PIK. The
surfaces of CpTi specimens immersed in KIR and PIK exhibited more marked roughness than the other types.
CoCr specimens immersed in ClO, exhibited marked roughness at concentrations of 10 and 100 ppm.

Figure 10 shows the energy dispersive X-ray spectrometry (EDX) results for the surfaces of specimens of Para

immersed for 90 days in ClO,. The Cl and Ag were detected in the specimen surfaces at all concentrations.
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Fig. 10. EDX results of Para in day 90 immersed in CIO,

Discussion

Denture cleansers are widely used clinically as an effective method for preventing and removing denture

plaque formation.**%’

However, the continued use of these preparations may result in the deterioration of the
denture base materials.”® It has been reported that the high oxidizability of ClO, offers greater antibacterial
effects than chlorine-based disinfectants, and it is better than hypochlorous acid at removing bacteria stuck to the
denture base resin.** However, no reports have investigated the effects of ClO;on the denture base materials.
Longevity of the denture base materials is an important problem in prosthodontics. In the prosthodontics clinic,
the mechanical attributes and color stability of a prosthesis may be the two of the most important factors
determining a patient’s acceptance. Therefore, in the present study we investigated the effects of ClO,on the
physical properties of denture base resin and metallic materials.

Denture base resin is known to deteriorate with long-term clinical use, and it is possible that denture cleaning
could also affect this deterioration. It has been indicated that when mechanically cleaning dentures with a

. . . . . 25 .
denture brush, there is a risk that excessive brushing pressure could cause abrasion.” Furthermore, it has also

been indicated that the long-term use of denture cleansers to chemically clean dentures can also cause their
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14,26

deterioration. Many reports in the literature of studies that evaluated the effects of denture cleansers on the

142627 However, the resin flexural

denture base resin have used color differences as a basis for assessment.
characteristics are the most important elements to be taken into consideration with regard to the clinical use of
this material.®® The present study evaluated changes over time in the denture base resin flexural strength and
flexural modulus in accordance with the ISO20795-1* international standards.

The present study found that the flexural strength values of the resin specimens reduced following 90 days of
immersion in all denture cleanser solutions compared with the pre-immersion values. This may have been
because the flexural strength of resin specimens reduced when heat-polymerization type denture base resin

absorbed water while immersion.?*°

However, both the flexural strength and flexural modulus values met ISO
standards for the denture base resin following treatment with all denture cleanser solutions. Although during
normal use, dentures would be immersed in the denture cleanser for approximately 12 hours, the experiments
conducted in the present study involved a 24 hours immersion cycle, making this study an accelerated test.
Consequently, the results are equivalent to over 6 months’ immersion in the denture cleansers, suggesting that
ClO; could be suitable for use as a denture cleanser.

To assess the effects on metallic materials, the present study investigated discoloration caused by immersion
in the denture cleansers. The esthetic appearance of dental appliances is an important issue in clinical dentistry.
In particular, color stability is one of the most important factors affecting patients’ acceptance of prosthetic
appliances. Furthermore, because color stability is used as a scale to assess corrosion in metal parts, it is an
important element to evaluate the durability of the metallic materials. Discoloration of the metallic materials
involves loss of gloss and development of surface pigmentation caused by surface roughness because of
corrosion and formation of corrosion products. This study examined discoloration caused by the denture
cleanser in CoCr, Para, and CpTi metal parts. The CIE L*a*b* color system to assess discoloration, used in this
study, is widely used to evaluate color changes and discoloration, and it can express the extent of discoloration in
numerical values.” Metal discoloration is said to be generally caused by changes on the metal surface involving
the formation of a thin film of sulfide, oxide, or chloride materials, leading to corrosion, after which the alloy
reacts to its surrounding environment and degrades over time.'*"'*

The present experiment revealed that immersion in ClO; caused little color change in CpTi but strongly
affected Para and tended to affect CoCr depending on the concentration. It has been previously indicated that

831 Here we found that CpTi

titanium develops corrosion and discoloration in the presence of fluorine ions.
exhibited strong discoloration when soaked in PIK and KIR. Because PIK and KIR solutions are alkaline,*’ our
results were consistent with the findings of Been'® who reported that alkaline solutions cause discoloration of
titanium. Been also conducted surface analysis after immersion in alkaline hydrogen peroxide and reported that
marked roughness and formation of oxides were noted in the surface of specimen that exhibited discoloration.'®
In the present study, the results of the SEM observation clearly indicated surface roughness and intergranular
corrosion in CpTi immersed in PIK and KIR, suggesting a correlation. It is known that the passivation film,
TiO,, can form on the surface layer of titanium, and our results suggest that TiO, had formed on the surfaces of
CpTi immersed in PIK and KIR, which exhibited strong color changes.

Currently, the gold-silver-palladium alloy is not commonly used in metal denture parts, but it was used in the

present study for comparison with titanium and cobalt-chromium alloy. Gold-silver-palladium alloy is generally

known to be prone to discoloration and corrosion. The fact that unlike titanium and cobalt-chromium alloy, the
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gold-silver-palladium alloy, which does not exhibit passivation, may be affecting color changes and surface
roughness. We also observed marked discoloration in the specimen immersed in ClO,, with SEM images
revealing marked surface roughness and surface precipitate buildup. The results of analysis with EDX detected
Cl and Ag, with the Ag derived from Para reacting with the CI present in the ClO; solution. This suggests that
discoloration is caused by the formation of silver chloride.

The cobalt-chromium alloy is the most commonly used material for metal denture parts. Overall, we found
that it exhibited smaller color changes than other metal types. SEM observation indicated no significant surface
roughness except when immersed in ClO, at a concentration of 100 ppm. This may have been because
chromium easily forms a passive oxide film.'’

The results of the present study suggest that the color stability of metallic materials can be greatly affected by
denture cleaning preparations depending on their constituent metal. We also found a tendency for more marked
discoloration with increased immersion time of the metallic materials. However, the effects of denture cleansers
differed according to the type of metallic materials, suggesting that differences in the components of the metallic
materials were causing these differences in effects.

Although the present study involved immersion metallic material specimen in denture cleanser for 24 hours, in
actual clinical practice, patients are instructed not to immerse metal prosthetic appliances in the denture cleansers
for long periods of time (no more than 1 hours). Furthermore, instructions for some denture cleansers suggest
immersion metal prosthetic appliances for short periods of time (5-30 minutes). Accordingly, using denture
cleansers with compatible metallic materials and following directions for the use of such preparations can
minimize discoloration, which usually leads to corrosion of metal components.

According to our results, C1O, at concentrations of 1 and 10 ppm causes less discoloration than commercially
available denture cleansers, except when used on Para. ClO,exhibits sufficiently effective antibacterial action
within the pH range of pH 3-8,’* and previous studies have shown that when used as an active ingredient in the
denture cleansers, approximately 5 ppm offers adequate antibacterial effects. Consequently, we believe that

CIO; can be used as a denture cleaning preparation for denture base materials.

Acknowledgment
This research was supported in part by a Grant-in-Aid for Scientific Research (No. 24792052 and No. 23592827) from the
Ministry of Education, Culture, Sports, Science and Technology, Japan.

References

1. Allison RT, Douglas WH. Micro-colonization of the denture-fitting surface by Candida albicans. J Dent 1973; 1: 198-201.

2. Wend S, Glass RT. The infected denture: how long does it take? Quintessence Int 1987; 18: 855-8.

3. Heath JR, Davenport JC, Jones PA. The abrasion of acrylic resin by cleaning pastes. J Oral Rehabil 1983; 10: 159-75.

4. Nikawa H, Hamada T, Yamashiro H, Kumagai H. A review of in vitro and in vivo methods to evaluate the efficacy of denture

cleansers. Int J Prosthodont 1999; 12: 153-9.

Anthony DH, Gibbons P. The nature and behavior of denture cleansers. J Prosthet Dent 1958; 8: 796-810.

Abelson DC. Denture plaque and denture cleansers. J Prosthet Dent 1981; 45: 376-9.

Koopmans AS, Kippuw N, de Graaff J. Bacterial involvement in denture-induced stomatitis. J Dent Res 1988; 67: 1246-50.

Nikawa H, Yamamoto T, Hamada T, Rahardjo MB, Murata H. Commercial denture cleansers-cleansing efficacy against

Candida albicans biofilm and compatibility wit soft denture-lining materials. Int J Prosthodont 1995; 8: 434-44.

9. Nikawa H, Hamada T, Yamamoto T, Kumagai H. Effects of salivary or serum pellicles on the Candida albicans growth and
biofilm formation on soft lining materials in vitro. J Oral Rehabil 1997; 24: 594-604.

10. Backenstose WM, Wells JG. Side effects of immersion-type cleansers on the metal components of dentures. J Prosthet
Dent 1977; 37: 615-21.

11. Purnaveja S, Fletcher AM, Ritchie GM, Amin WM, Moradians S, Dodd AW. Compatibility of denture cleansers with some
new self curing denture base materials. Biomaterials 1982; 3: 251-2.

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

©oNoOO

34



Shinhara et al. Asian Pac J Dent 2013; 13: 27-35.

13. Garcia RCMR, Léon BLT, Oliveira VMB, Cury AAB. Effect of a denture cleanser on weight, surface roughness, and tensile
bond strength of two resilient denture liners. J Prosthet Dent 2003; 89: 489-94.

14. Hong G, Murata H, Li YA, Sadamori S, Hamada T. Influence of denture cleansers on the color stability of three types of
denture base acrylic resin. J Prosthet Dent 2009; 101: 205-13.

15. Peracini A, Davi LR, Ribeiro NQ, Souza RF, Silva CHL, Paranhos HFO. Effect of denture cleansers on physical properties of
heat-polymerized acrylic resin. J Prosthodont Res 2010; 54: 78-83.

16. Backenstose WM, Wells JG. Side effects of immersion-type cleansers on the metal components of dentures. J Prosthet
Dent 1977; 37: 615-21.

17. McGowan MJ, Shimoda LM, Woolsey GD. Effects of sodium hypochlorite on denture base metals during immersion for
short-term sterilization. J Prosthet Dent 1988; 60: 212-8.

18. Been J. Titanium corrosion in alkaline hydrogen peroxide. Corrosion 2000; 56: 809-18.

19. Barclay GR, Finlayson ND. Severe oesophageal injury caused by Steradent. Postgrad Med J 1985; 61: 335-6.

20. Winniczuk PP, Parish ME. Minimum inhibitory concentrations of antimicrobials against micro-organisms related to citrus
juice. Food Microbiol 1997; 14: 373-81.

21. Huang JL, Wang L, Ren NQ, Ma F, Juli. Disinfection effect of chlorine dioxide on bacteria in water. Wat Res 1997; 31:
607-13.

22. 1S0O20795-1: Dentistry-Base Polymers Part 1: Denture base polymers. ISO copyright office, Geneva, 2013.

23. Recommendations of uniform color space, color difference equations, psychometric color terms, CIE Publication no. 15,
Suppl 2. Paris Bureau Central La CIE, 9-12.

24. Bell JA, Brochmann SL, Feil P, Sackuvich DAJ. The effectiveness of two disinfectants on denture base acrylic resin with an
organic load. J Prosthet Dent 1989; 61: 580-3.

25. Budtz-Jgrgensen E. Materials and methods for cleaning dentures. J Prosthet Dent 1979; 42: 619-23.

26. McNeme SJ, von Gonten AS, Woolsey GD. Effects of laboratory disinfecting agents on color stability of denture acrylic
resins. J Prosthet Dent 1991; 66: 132-6.

27. Moore TC, Smith DE, Kenney GE. Sanitization of dentures by several denture hygiene methods. J Prosthet Dent 1984; 52:
158-63.

28. Chand P, Patel CB, Shingh BP, Singh RD, Singh K. Mechanical properties of denture base resins: an evaluation. Indian J
Dent Res 2011; 22: 180.

29. Braden M. The absorption of water by acrylic resins and other materials. J Prosthet Dent 1964; 14: 307-16.

30. Sadamori S, Ishi T, Hamada T. Influence of thickness on the linear dimensional change, warpage, and water uptake of a
denture base resin. Int J Prosthodont 1997; 10: 35-43.

31. Nakagawa M, Matsuya S, Udoh K. Corrosion behavior of pure titanium and titanium alloys in fluoride-containing solutions.
Dent Mater J 2001; 20: 305-14.

32. Sadiq R, Rodriguez MJ. Disinfection by-products (DBPs) in drinking water and predictive models for their occurrence: a
review. Sci Total Environ 2004; 321: 21-46.

Correspondence to:

Dr. Guang Hong
Liaison Center for Innovative Dentistry, Graduate School of Dentistry, Tohoku University, 4-1 Seiryo-machi,
Aoba-ku, Sendai 980-8575, Japan
Fax: +81-22-717-8278 E-mail: hong@m.tohoku.ac.jp

Accepted December 25, 2013.
Copyright ©2013 by the Asian Pacific Journal of Dentistry. Online ISSN 2185-3487, Print ISSN 2185-3479

35



