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Abstract

Objective—This study evaluated color stability of acrylic denture teeth and base resins after 48

weeks of commercial denture cleanser simulation.

Materials and Methods—Two brands of denture teeth (Trubyte Portrait IPN, TP; SR Vivodent

DCL, SR) in shades A1, B1, and C1 and three acrylic base resins (Lucitone, LU; Paragon, PA;

Valplast, VA) prepared to manufacturer’s specifications, were exposed 10 hours daily to four

cleansers (Clorox Bleach, CB; Polident 3-minute, PO3; Efferdent, EF; and Kleenite, KL) and

distilled water (DW) control, approximating consumer overnight use. Color measurements used

the CIE L*a*b* color space (0, 4, 12, 24, 36, and 48 weeks.) Color differences (ΔE*) at 48-weeks

were subjected to 4-way analysis-of-variance (ANOVA). Mean values were compared with

Fisher’s PLSD intervals (0.05 significance level).

Results—Mean color differences (ΔE*) demonstrated color changes in each material. ANOVA

indicated color changes in teeth were significantly affected by both cleansers and teeth brand

(p<0.05), but not shade. Color changes in base resins were significantly affected by cleansers

(p<0.05), but not brand alone. Overall, KL produced the least color change while CB and PO3

produced the most for all materials.

Conclusions—After 48 weeks of daily simulation, TP teeth were more color-stable than SR in

all cleansers except EF (p<0.0001). Base resin VA was less color-stable than LU and PA. Cleanser

KL resulted in the lowest color changes.
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Clinical Significance—All tested materials yield clinically acceptable color changes

(ΔE*<3.5); all cleansing methods tested can be recommended, though Kleenite demonstrated the

least change after 48-weeks.
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INTRODUCTION

Several research studied suggested that whiteness and color of teeth are important factors in

esthetic consideration of aging population.1,2 The resistance of denture teeth and denture

base to color changes plays a significant role for patient and provider in the selection of

materials for removable prostheses.3

Routine denture cleaning methods recommended by dental healthcare provider consist of

mechanical and chemical methods.4 Mechanical cleaning of dentures includes using of

brushes, microwave oven, and ultrasonic cleanser. Chemical cleaning of dentures includes

the use of denture cleansing agents, antimicrobial solution, denture cream, dish washing

agent, etc.5 Improper brushing technique could potentially cause wear of denture teeth and

acrylic resin and adversely affect the esthetic of the denture.6 Chemical cleansing agents are

increasing popular and have been routinely used by denture wearers. The advantages are

ease of use especially for patients with impaired manual dexterity.7 However, there were

reports on the long term whitening of denture teeth and acrylic resin base color that may

contribute to visually detectible and/or esthetically unacceptable color changes of the

denture.8,9 Replacing any component of denture dues to wear or discoloration is not

desirable as it imposes additional cost in addition to the loss of denture wearing time for

patients.

Denture cleansers vary in purpose, composition and method of application. They have been

used in different capacities to remove deposits, debris, stains and bacteria. Denture cleansers

can be alkaline peroxides (most commonly available), alkaline hypochlorites, dilute organic

and inorganic acids, disinfectants, and enzymes.10 Ideal denture cleansing agents should be

easy for patient to use, be compatible with all denture base materials, have disinfection

property, effectively remove organic and inorganic substances, and help maintain color

stability of denture teeth and denture base.5 However, there is no currently available product

that could fulfill these requirements.7

While studies have considered the effect of denture cleansers on denture base acrylic

resins.7–9,11–15 and soft denture lining materials16–17 well as the discoloration of denture

teeth3,18–22 denture base acrylic resins23–24 and soft denture liners25 subjected to staining

agents, there have not been recent studies on the simultaneous effects of denture cleansers

on the color stability of denture teeth and denture base acrylic resins.

The aim of this study was to evaluate color stability of acrylic denture teeth and acrylic

denture base resins after being subjected to commercial denture cleansers for 48 weeks using

spectrophotometric analysis. The null hypothesis was that there would be no effect of long
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term usage of denture cleansers on color stability of denture teeth or denture base materials

evaluated.

MATERIALS AND METHODS

Two brands of denture teeth (Trubyte Portrait IPN, TP; and SR Vivadent DCL, SR) each in

shades A1, B1, and C1 and three acrylic base resins (Lucitone, LU; Paragon, PA; and

Valplast, VA), all prepared according to manufacturer’s specifications, were exposed 10

hours daily to four commercial denture cleansers (Clorox Bleach, CB; Polident 3-minute,

PO3; Efferdent, EF; and Kleenite, KL) and a distilled water control (DW), approximating

consumer overnight use. The materials used in this study are shown in Table 1.

One denture tooth specimen consisted of one denture tooth of one brand in one shade and

one acrylic base resin specimen consisted of one disc of base resin measuring 35 mm in

diameter and 3 mm in thickness. Five specimens of each denture teeth and denture base

resins were tested, for a total of 225 specimens (150 denture teeth and 75 denture base

specimens). The cleansers and denture materials were prepared according to manufacturer

specifications. Solutions were prepared using 110 mL (±5 mL) tap water at 140°F (± 2°) and

one tablet of PO3 or EF, or ¾ capful of KL. In the case of the CB disinfection method, a 1%

sodium hypochlorite solution was prepared from household bleach (6% NaOCl).26 After the

specimen were prepared, they were stored in distilled water for 24 hours at 37°C.5 They

were subsequently polished, rinsed and air-dried.

Five specimens of each variable were immersed daily in cleanser for 10 hours to

approximate actual consumer overnight use. (Figure 1) KL, PO3, and EF while CB solution

achieves disinfection after 1 minute of immersion.27 Between cleansings, the specimen were

rinsed in tap water, and then stored in distilled water for 14 hours to prevent drying and

distortion. Single operator performed this method for all materials used and repeated daily

for 48 weeks (336 days or 3,360 hours) and color measurements were taken at baseline, 4,

12, 24, 36 and 48 weeks which were counted for 280, 840, 1,680, 2,520, and 3,360 hours of

denture cleanser soaking times.

After equipment calibration, color stability measurements were taken using a Color Eye

7000 spectrophotometer (Figure 2) and recorded using the CIE L*a*b color space and D65

lighting source. To ensure that the measurements were taken at the same area of each

specimen, clear acrylic and white condensation silicone jigs were fabricated for the teeth and

the denture resin discs were marked for positioning. (Figure 2) Denture teeth in jigs were

measured using a rectangular 2mm × 6mm spectrophotometer aperture and 2° observer

setting while resin discs used a 10 mm diameter circular aperture and 10° observer setting.

Statistical analysis yielded mean values, standard deviations and variance data for

comparison among the combinations of teeth, base, and cleanser. (Table 2) The color

differences (ΔE*) at specified time periods were subjected to 3-way analysis of variance

(ANOVA) (Table 3a–c). Mean values were compared with Fisher’s PLSD intervals

calculated at the 0.05 significance level. In addition, the clinical relevance of the results have
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been interpreted through the literature findings for visual thresholds: 50:50% perceptibility

threshold (ΔE*=1.8) and 50:50% acceptability threshold (ΔE*=3.5).27

RESULTS

The null hypothesis was that long term usage of denture cleansers did not affect the color

stability of denture teeth nor denture base materials evaluated was rejected. Mean ΔE values

comparing baseline values to color measurements at 4, 12, 24, 36, and 48 weeks

demonstrate color change in each material over time. (Table 3a–c) ANOVA statistical

analysis (Table 2) indicates color change in denture teeth is significantly (P<0.05) affected

by cleanser manufacturer and denture teeth manufacturer, but not by shade or specific

combinations of variables. Color change in denture acrylic base resin is significantly

(P<0.05) affected by cleanser manufacturer as well as the combination of cleanser and

acrylic resin manufacturer, but not by acrylic resin manufacturer alone.

SR shades generally experienced more color change than TP shades in all solutions except

EF. In EF group, TP experienced more color change than SR (P<0.05). Among denture

acrylic base resins, VA shows more color change in CB and EF cleansers, LU shows more

change in KN cleanser (P<0.05).

Table 3a: after 48 weeks, TP A1 that were immersed in CB, PO3 and EF solutions

demonstrated significant color change compared to the DW (control) group (P<0.05). TP A1

in KL solution showed less color change than the control group. TP B1 had significant color

change in EF solution compared to the control (P<0.05). In KL and CB, teeth experienced

less color change than the control. TP C1 in KN showed less color change than the control

group, while in PO3 and EF had significant color change (P<0.05).

Table 3b: SR A1 in KL showed less color change at 48 weeks than the control while PO3

showed significantly more color change (P<0.05). In shade B1, SR showed significantly

more color change in CB and PO3 (P<0.05) but similar change in EF and KL when

compared to the control. SR C1 showed significantly more color change when immersed in

PO3 but significantly less color change in both EF and KL as compared with the control

group (P<0.05).

Table 3c: LU specimen immersed in CB showed significantly more color change after 48

weeks than the control group (P<0.05). In EF solution, LU showed less color change than

the control group. PA denture resin showed significantly more color change when immersed

in EF solution and significantly less color change while immersed in KL solution as

compared to the control (P<0.05). VA showed significantly more color change in CB and

EF than the control group. Immersed in PO3 solution, VA showed less color change and in

KL showed significantly less color change than the control group (P<0.05).

DISCUSSION

Color stability is a significant factor affecting longevity of dental prostheses. In addition to

the reference used for interpretation of visual thresholds,27 ΔE* of 1.029 and 2.632 were

reported as 50:50% perceptibility thresholds for direct restorative dental materials and
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denture teeth, respectively. Some of reported 50:50% acceptability thresholds include ΔE

values of 2.7 (resin composite disks),30 3.3 direct restorative dental materials,31 and 5.5

(denture teeth).32

The esthetic, color stability, and visual threshold in restorative dentistry have been evaluated

in numbers of studies.33–37 In this study, color changes of denture teeth were ranged from

0.3–2.2 in TP group and 0.3–1.9 in SR group. Color changes of acrylic resin denture bases

were ranged from 1.3–2.7 in LU group. 0.4–2.9 in PA group, and 0.3–3.1 in VA group.

There were none of any group that had ΔE ≥ 3.5, therefore, all color changes after 48-week

were considered clinically acceptable.

Dentsply Trubyte reported the introduction of their denture teeth with decrease the potential

for discoloration while Ivoclar Vivadent introduced denture teeth with solvent resistant (SR)

and provides stability of the shade.3 The results from this study showed that color changes

of all denture teeth were considered clinically acceptable (ΔE < 3.5) after subjected to 48-

week of exposure to 4 cleansers. However, Dentsply Trubyte denture teeth were more color

stable than Ivoclar Vivadent SR teeth in all denture cleansers except Efferdent (p<0.0001).

While color change over the test period have been determined to be clinically acceptable by

current standards, the results demonstrated that denture base resins showed more color

changes when compared to the denture teeth in this study. Among all 3 resin denture bases,

Valplast soaked in Clorox after 48-week showed the highest color changes (ΔE = 3.1).

Overall after 48-week, Kleenite denture cleanser, a liquid denture cleanser, demonstrated the

least effect on the color stability of all materials tested. Efferdent and Polident, tablet

denture cleanser, had more whitening effect on the color stability of all materials especially

with Polident 3 minutes. This may be due to the higher peroxide content and level of

oxygenation.4,16 Efferdent used in this study was designed to use overnight but Polident 3

minutes was not. Three minutes formula contained TAED which is an organic compound

which activates the oxidizers (oxygene booster) in Polident MicroClean Formula to form

peracetic acid. Paracetic acid provides antifungal and antibacterial action and has stronger

antimicrobial action than active oxygen products alone as in traditional tablets. Therefore, it

is recommended for use during short period of cleaning not overnight. To follow the product

instructions on the package is imperative especially when soaking complete dentures. In

contrast, 3 minutes formula may be used for other appliances that have no esthetic

component such as clear acrylic occlusal guard. The stronger whitening effect would add a

positive value to this type of appliance.

Because there have not been recent studies on the effects of denture cleansers on the color

stability of denture teeth. There was only one study that comparable to our study related to

the color stability of acrylic resin denture base immersed in denture cleansers over long

period of time. The results from Paranhos HdeFl et al (2013),15 showed color changes (ΔE =

2.3) of Lucitone 550 after immerse in Alkaline Peroxide (Corega tablet: product of

GlaxoSmithKline, UK similar to Polident in our study) after 4,384 hours (1.5 years, 548

days, 8 hours/day). Our study showed color changes (ΔE = 1.6) of Lucitone 199 after

immerse in similar Alkaline Peroxide (Polident tablet: product of GlaxoSmithKline, UK)
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after 3,360 hours (48 weeks, 336 days, 10 hours/day). With 1,024 hours longer immersion in

Alkaline Peroxide cleansing tablet, the color changes increases 0.69 point. Still, the value

does not exceed clinical acceptable changes after 1.5 years. Further study of these materials

using longer aging term would be fruitful due to majority of denture wearers retains their

dentures longer than 1.5 years. Future studies may also include new formulas of denture

cleansers such as ones designed for metal partial and overnight whitening for occlusal guard.

CONCLUSION

After 48 weeks of simulated daily use of denture cleansers, Dentsply Trubyte denture teeth

were more color stable than Ivoclar Vivadent SR teeth in all denture cleansers except

Efferdent (p<0.0001). Valplast acrylic base resin was less color stable than Lucitone and

Paragon. Kleenite denture cleanser demonstrated the least effect on the color stability of all

materials tested. All tested materials yield clinically acceptable color change after subjected

to 48-week of exposure.
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Figure 1.
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Figure 2.
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Table 1

Variables and Manufacturer Information

Denture Cleanser Type Manufacturer

Distilled Water (DW) Control

Clorox Bleach (CB) Alkaline hypochlorite The Clorox Co., Oakland, CA

Polident 3-minute Anti-Bacterial Denture Cleanser (PO3) Alkaline Peroxide GlaxoSmithKline Consumer Healthcare, Parsippany, NJ

Efferdent Anti-Bacterial Denture Cleanser (EF) Alkaline Peroxide Pfizer, Inc., Morris Plains, NJ

Kleenite Dental Cleanser (KL) Alkaline Peroxide Regent Labs, Inc., Deerfield Beach, FL

Denture Teeth Manufacturer

Dentsply Trubyte Portrait IPN (TP) Dentsply International, York, PA

Ivoclar Vivadent SR Vivodent DCL (SR) Ivoclar Vivadent, Amherst, NY

Denture Base Acrylic Resin Manufacturer

Dentsply Lucitone 199 (LU) Dentsply International, York, PA

Paragon Denture Resin (PA) Coltene/Whaledent, Mahwah, NJ

Valplast Flexible Resin (VA) Glidewell Laboratories, Newport Beach, CA
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