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Abstract
Objective: To determine the effects of disinfection through micro-
wave (MW) and LED disinfection on color stability of Polymethyl 
Methacrylate (PMMA) and Polyamide (PA) denture base resins.

Methodology:  A total of 30 specimens of 25x25x5mm dimensions 
were fabricated in a split mold of stainless steel, which was cate-
gorized into 2 groups Polymethyl Methacrylate (PMMA) and Poly-
amide (PA). These were further differentiated into groups of no 
exposure (Group A) or microwave (group B) and LED (group C) ex-
posure. Primary color parameters were determined according to 
CIELab color space for all specimens once immediately after fab-
rication, using a spectrophotometer within the visible light range 
of 400 to 700nm. For group B & C, the specimens were exposed to 
disinfection regimens thrice a week for 4 weeks. After 4 weeks, the 
specimens were again examined. Data was statistically analyzed 
using one-way ANOVA and post hoc Tukey’s tests (SPSS ver 26), p 
<0.05.

Results: ANOVA for the PMMA presented no significant results in 
comparison with PA. On Post Hoc analysis of PA, a significant dif-
ference (0.006) was found between groups B and C. Color stability 
of PMMA remained unaffected statistically after disinfection, but 
color of PA was adversely affected by MW.

Conclusion: The denture base resins’ disinfection regimens did not 
significantly change color of PMMA. Total color change in PMMA ac-
cording to NBS remained in the lower range of appreciable color 
change. For PA, MW disinfection is not feasible as it caused unac-
ceptable color change of the PA base resin.
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Introduction
Regardless of the rising demand for implant treat-
ments, polymethyl methacrylate remains the most 
preferred material for denture construction for many 
reasons but mainly because of its ease of fabrication 
& adequate material properties.1 However, aesthetics 
of PMMA prostheses can be impaired by the presence 
of metal clasps. Also, the presence of residual mono-
mer content2 has been of concern for dentists. In such 
circumstances, polyamide can be a feasible alternative 
to PMMA3 for the reason that PA do not require metal-
lic retentive clasps and exhibit no monomer content. 
Polyamides are adopted for patients with allergy to 
methacrylate (MMA) monomer, hard tissues like alve-
olar bone undercuts, in very thin mucosa or indiscrimi-
nate bone resorption. These are also used for the fabri-
cation of temporary dentures after implant surgeries.4

Oral & denture hygiene, if neglected can lead to den-
ture related stomatitis due to microbial growth on the 
prostheses & can cause denture related stomatitis.5 
For prophylaxis against stomatitis in denture wearers, 
denture disinfection is achieved through chemical & 
mechanical procedures combined, but these alone or 
in combination can deteriorate the physical & mechan-
ical properties of denture base resins.6 To overcome 
the complications of denture disinfection with these 
protocols, microwave energy has been approved as an 
effortless, safe & efficient disinfection routine.7 In a re-
view recently, microwave disinfection is claimed to be 
an effective therapy against denture stomamtitis.8 Dis-
infection with microwave has mostly been carried out 
in water.9 This may further polymerize the resin.10 This 
heating of base resin can be a reason for the change 
in polymer structure & this in turn may be responsible 
for the detrimental outcomes of microwave disinfec-
tion on base resins.11

Although, microwave energy has been a proven disin-
fection protocol, researchers are incongruent about 
the adverse effects of this disinfection regimen on the 
mechanical & physical properties of PMMA. In search 
for a better disinfection technique for dentures, blue 
light (LED) of wavelength 405nm has been proven to 
have bactericidal & fungicidal effects. It can proficiently 
obstruct production of candida biofilm in comparison 
with conventional disinfection methods. Hence, blue 
LED light may be a potential disinfection technique for 
dentures.12

For any dental prosthesis or restoration, color stabili-
ty is one of the primary requisites. It is defined as the 
ability of a material to retain its color in a specified en-
vironment over time.13 Any changes in the color of the 
denture bases is a sign of material aging or damage14 & 
may cause patient dissatisfaction and ultimate denture 
replacement.15 So for these reasons, its vital for a base 
resin to retain the color during use & that different dis-
infection protocols do not influence its color. Color is 

mainly affected by denture cleansers.16 The analyses of 
color change and denture cleansers have been exten-
sively done17,18 but with varied results.16,17,18,19,20 Color 
stability of base resins after disinfection with micro-
wave has been documented with mixed results. Some 
researchers illustrated notable color changes in the 
denture bases, when subjected to irradiation with mi-
crowave, while others revealed constancy in color21,22,23

However, there is very limited information available for 
LED disinfection and its effects on color of PMMA and 
PA base resins. Therefore, the present study aimed to 
investigate the effects of MW and LED disinfection on 
color of PMMA and PA denture base resins.

Methodology
This was an In-vitro, experimental study, that was 
conducted at Peshawar Dental College and Material 
Research Laboratory, University of Peshawar over a 
course of six months. The study had a total of thirty 
specimens. The specimens were divided into 2 catego-
ries, depending on the material used; PMMA and PA. 
The 15 specimen of each group were then further di-
vided into 3 groups: control (group A, no disinfection), 
MW disinfected (group B) & LED treated (group C)21, 
having 5 specimens each (n=5) (Table 1). The dimen-
sions were 25×25×5mm.

After fabrication following the manufacturer’s instruc-
tions, the specimens were analyzed immediately for 
initial color measurement via a spectrophotometer. 
Afterwards, specimens underwent their allotted dis-
infection protocol: the control group (A) was placed in 
distilled water at room temperature, with water being 
changed equating the water change for interventional 
groups. Individual samples of group B were disinfected 
in a microwave oven at 1000W for 3 minutes, placed in 
200ml distil water, three times a week for 4 weeks22. 
Group C samples were irradiated in LED device for 30 
minutes in distil water, thrice a week for 4 weeks. Wa-
ter for the interventional groups were changed after 
2 disinfection regimens and every 4th day for group 
A. Following the completion of 12 disinfection cycles, 
(at the end of the 4 weeks)23, the final color measure-
ments were calculated from the data obtained by a UV 
VIS NIR spectrophotometer in University of Peshawar 
(Perkin Elmer Lambda 1050 Serial# L6020055)

Using CIELab, primary color parameters (Lightness-L*, 
red/green-a1* and yellow/blue-b1*) for all specimens 
were calculated. L*, a* and b* were derived from tri-
stimulus values (X,Y,Z), which were computed from 
reflectance data acquired from spectrophotometer 
with 5nm intervals within the visible light range of 400-
700nm, against a white background, according to the 
given set of calculations24:

1st step: The reflectance values of the specimen were 
multiplied with reflectance values of the illuminant 
of the spectrophotometer (illuminant used was D65, 
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(R×D65), where R is the reflectance value of the sam-
ple, D65 is the reflectance of the illuminant)

2nd step: The computed quantity was then multiplied 
by the CIE color matching functions (x̄, ȳ, z̄) at every 
5th wavelength interval between 400 and 700nm 
(R×D65×ẋ, R×D65×ẏ, R×D65×ż) and added for all the 
wavelength intervals (ΣR×D65×ẋ, ΣR×D65×ẏ, ΣR×D65×ż)

3rd step: In the third stage, the obtained values were 
normalized by multiplying the summations of the sec-
ond stage with K

(X= K×ΣR×D65×x̄), (Y= K×ΣR×D65×ȳ), (Z= K×ΣR×D65×z̄), 
where K is the luminosity function of a perfect diffuser 
and is used as a normalizing constant and K=1/ΣD65×ȳ

4th step: The tristimulus values thus derived were 
further calibrated through CIE L*a*b* numbers of the 
samples through the given formulas:

L* = 116 f (Y/Yn) -16

a* = 500[f(X/Xn) – f(Y/Yn)]

b* = 200[f(Y/Yn) – f(Z/Zn)]

here, X,Y,Z are tristimulus values of samples, those 
with indexes n refers to tristimulus values of a perfect 
diffuser for the illuminant, D65  and f(X/Xn) = (X/Xn)1/3 
for values greater than 0.008856 and f(X/Xn) = 7.787(X/
Xn) + 16/116 for values equal to or less than 0.008856 
and the same with Y and Z replacing X in turn

5th step: After calculating the initial L1, a1, b1, the 
specimens underwent their allotted disinfection proto-
cols & then again examined via the spectrophotometer 
(the same used earlier for the initial color measure-
ments) for the final color measurements; L2, a2, b2, by 
the same set of steps mentioned above

6th step: The secondary parameters (∆L*, ∆a*,∆b*) 
then were used to further subtract initial values from 
final values:

∆L* = L*2 – L*1

∆a* = a*2 – a*1

∆b* = b*2 – b*1

7th step: Color changes were determined via the 
equation:

∆E* = [(∆L*)2+(∆a*)2+(∆b*)2]1/2

8th step: ∆E was correlated to clinical environment 
and therefore the values were converted to National 

Bureau of Standards, NBS units via

NBS units = ∆E* × 0.9225 

L is the lightness axis from black (0) to white (100)

a is the red-green axis from -150 (red) to 100 (green)

b is the yellow-blue axis from -100 (yellow) to 150 
(blue)26

Mean values of color changes with standard deviations 
were recorded. Data collected was statistically ana-
lyzed via ANOVA (one-way SPSS version 26) & post hoc 
Tukey’s test, significant set at p < 0.05.

Results
The highest total color change (∆E) in PMMA was noted 
for MW disinfected group (B1 as 3.48), while the lowest 
values were exhibited by the control group (A1, 2.47) 
Table 2. The change in color was found to be in the per-
ceivable color change range for A1 & in the marked col-
or change range for B1 & C1, according to NBS (Table3). 

ANOVA for the PMMA groups presented no significant 
results, the total change in color was recorded more 
for MW (B1), followed by LED (C1) and the least change 
was displayed by the control group (A1). Post hoc also 
gave non-significant results for group comparisons Ta-
ble 4.

For PA, group B2 (MW) ∆E was recorded as 10.85, dis-
playing the maximum change, followed by A2, ∆E of 
7.31 & then C2 with ∆e of 3.4, the minimum change 
in color (Table 5). When these values are correlated 
with the NBS system for expressing color differences, 
it was observed that both groups, A2 & B2 were in the 
marked color change range, whereas, the LED disin-
fected group (C2) displayed changes in the appreciable 
color change range.

ANOVA gave a highly significant result of 0.008 for color 
change in PA groups after disinfection. When further 
analysed (Table 6), it was seen that there were non-sig-
nificant differences for control & interventional groups, 
but significance was recorded for the two intervention-
al groups (B2 & C2).

Discussion
The study assessed the effects of two disinfection tech-
niques: MW and LED on color of two base resins; PMMA 
& PA. Color observation is an observable paradox, 

Table 1. Description of the assigned specimens

Specimens Group A
Control

Group B
Microwave Irradiated

Group C
LED Treated

PMMA A1 B1 C1

PA A2 B2 C2

(n=5)
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Table 2. Mean values of changes in color (∆E) with standard deviations for PMMA through ANOVA (n=5)

Specimens ∆L
Mean

∆a
Mean

∆b
Mean

∆E
Mean

∆E×0.92
(NBS) F p

Color 
PMMA

Control
(A1)

-2.61 0.12 -0.02 2.68 2.47±1.60

0.26 0.774MW
(B1)

-3.76 0.21 0.29 3.78 3.48±3.65

LED
(C1)

-3.67 0.11 0.09 3.68 3.39±1.38

Table 3. National Bureau of Standards (NBS) System for Expressing Color Differences

Critical Marks for Color Difference NBS* Units

Trace 0.0-0.5

Slight Change 0.5-1.5

Perceivable Change 1.5-3.0

Appreciable Change 3.0-6.0

Marked Change 6.0-12.0

Change to Another Color 12.0 & more

*Nimeroff I. Colorimetry National Bureau of Standards Monograph 104;1968:47

Table 4. Multiple Comparison for the Total Change in Color (∆E) of PMMA using Post Hoc Tukey HSD

Multiple Comparison

Tukey HSD

Dependent Variable (I) Groups (J) Groups Mean Difference Sig

Color PMMA

Control
(A1)

MW -1.01 0.793

LED -0.91 0.826

MW
(B1)

Control 1.01 0.793

LED 0.09 0.998

LED
(C1)

Control 0.91 0.826

MW -0.09 0.998

*. The mean difference is significant at the 0.05 level.
*. Most significant 0.00

which varies between different individuals & lighting 
conditions. Any changes in color can be judged through 
eye survey or via instrumental estimation. Optical color 
evaluation can be inaccurate because it is built on the 
observer’s psychological reaction to electromagnetic 
radiation and many other factors, such as illumination, 
metamerism, & object position etc.27 Recent color mea-
suring devices have the ability to estimate or evaluate 
color reliably.28 These tools measure color and present 
it in three coordinates, called tristimulus values (L*, a*, 
b*). These coordinates detect an object’s color within 
CIELab color space. L* equate the brightness, a* locates 
the red-green chroma and b* shows yellow-blue chro-

ma. Color differences between different subjects can 
be measured by collating the changes in correspond-
ing coordinate numbers for each and every object or 
for the same specimen by deriving the coordinates be-
fore, after an intervention and then deducing the initial 
readings from the final measurements.24 The steps for 
evaluation of color difference is given in 6th step of the 
color methodology section. Quantitative value of col-
ors allows accurate magnitude of color differences.28 
As tristimulus values provide precise color determina-
tion and thus any changes in color, hence color quanti-
fication in the present study was done through reflec-
tance data obtained from spectrophotometer.
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For the color results, it can be summarized from Ta-
ble 2 that there were changes in the specimens of 
PMMA, but statistically, non-significant (p>0.05) color 
differences were reported. Therefore, the study’s null 
hypothesis of no change in color of PMMA before and 
after disinfection with MW and LED, is accepted.

Unlike PMMA, for PA (Table 5) significant color dif-

ferences were recorded for all groups (p<0.05). The 
comparison of both interventional groups, MW and 
LED with control gave non-significant differences, but 
highly significant results were documented when MW 
group was compared with LED disinfected group of PA 
(Tables 6). Therefore, the null hypotheses regarding 
color changes in PA after exposure to MW and LED dis-
infection is partially rejected. 

Table 6. Multiple Comparison for the Total Change in Color (∆E) of PA using Post Hoc Tukey HSD

Multiple Comparison

Tukey HSD

Dependent Variable (I) Groups (J) Groups Mean Difference
(I-J) Sig

Color PMMA

Control
(A2)

MW -3.54 0.198

LED 3.90 0.146

MW
(B2)

Control 3.54 0.198

LED 7.44* 0.006

LED
(C2)

Control -3.90 0.146

MW -7.44* 0.006

*. The mean difference is significant at the 0.05 level. 
*. Most significant 0.00

Table 4. Multiple Comparison for the Total Change in Color (∆E) of PMMA using Post Hoc Tukey HSD

Multiple Comparison

Tukey HSD

Dependent Variable (I) Groups (J) Groups Mean Difference Sig

Color PMMA

Control
(A1)

MW -1.01 0.793

LED -0.91 0.826

MW
(B1)

Control 1.01 0.793

LED 0.09 0.998

LED
(C1)

Control 0.91 0.826

MW -0.09 0.998

*. The mean difference is significant at the 0.05 level.
*. Most significant 0.00

Table 5. Mean values of changes in color (∆E) with standard deviations for PA through ANOVA (n=5)

Specimens ∆L
Mean

∆a
Mean

∆b
Mean

∆E
Mean

∆E×0.92
(NBS) F p

Color
PA

Control
(A2)

-7.89 0.27 -0.20 7.95 7.31±3.80

7.526 0.008MW
(B2)

-11.71 -0.40 -1.28 11.79 10.85±2.79

LED
(C2)

-1.96 0.04 -0.15 3.70 3.4±2.31
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The changing trends for all groups of both PMMA and 
PA is attributed to the fact that control & interventional 
specimens were all placed in water during the whole 
experimental time including the disinfection times in 
MW and LED. It is documented that if polymer is placed 
or stored in water, there is diffusion of water mole-
cules in the polymer matrix.29 This is according to the 
results noted by Hong et al., and stated that immer-
sion of polymers in water causes changes in color & the 
longer the immersion time, the more pronounced the 
color change.27 Such observation was also endorsed by 
Jabeen et al., but presented no details regarding the 
values of color change after storage in water.21 Simi-
lar reports were also documented by al-Qarni etal., for 
compression and injection molded PMMA as 1.6 and 
1.9 respectively.13 Although the values seem different 
from those of the present study results, but it can be 
attributed to the difference in brand of PMMA used, 
and also to the fact that the samples of al-Qarni et al 
study were immersed in water for 7 days only, whereas 
in this study, the samples were kept in distilled water 
for 4 weeks.

Durkan et al., documented ∆E of 5.89 for PMMA control 
group, after a period of 20 days in distilled water, and 
1.06 for PA after the same time period.30 The difference 
of this research work can be attributed to the different 
brands of PMMA and PA used in the studies. Durkan 
et al., used PMMA by the brand name of Rodex, which 
is Butadien-Styrengreft PMMA copolymer, whereas 
PMMA used was heat cured type in the present anal-
ysis. The use of a portable colorimeter in 2013 can be 
accounted as another reason for the difference in color 
values from this study, where color was evaluated with 
a spectrophotometer.

Likewise, Sagsoz, et al., filed ∆E for PA as 3.85 after 7 
days’ immersion in water and 6.21 after 30 days.31 The 
outcomes are befitting with the present work, where 
PA control group exhibited 7.31 (Table 5) after 4 weeks 
of water immersion. ∆E for PMMA after 7 days of water 
immersion was noted down as 2.52, and 2.40 after 30 
days of immersion. This result of Sagsoz, et al., thus 
endorses the results of the present investigation.

When considering the results of Matar & El-Sharkawy, 
control group of heat cure PMMA had ∆E of 3.3, which 
lies in the appreciable change range of NBS.22 This can 
be regarded in agreement with the present study re-
sults, as the authors have not specified the immersion 
time for the control group in their work. Also, their MW 
irradiated specimens showed change in color, ∆E as 3.3 
and 3.2 after 5 and 15 minutes of disinfection. This also 
concedes with the results of the MW disinfected group 
of this paper, as ∆E of group B1 (MW disinfected PMMA) 
is 3.48 (Table 2) after a total of 36 minutes of disinfec-
tion (for 3 weeks, the specimens were disinfected for 3 
minutes, 3 times a week). The NBS standardized values 
for the total change in color for both of the mentioned 
studies belong to the appreciable change range. Statis-
tically, the results were non-significant, thus endorsing 

the present investigation results.

Matar & El-Sharkawy also observed PA under the same 
conditions that were used for PMMA assessment.22 The 
results for the control group of PA displayed ∆E as 3.1 
and that of MW disinfected group as 3.1 and 3.2 after 
5 and 15 minutes of disinfection respectively. The re-
sult is in congruence with present study as all the spec-
imens of PA exhibited change in color. Statistically, the 
results were non-significant for the control & interven-
tional groups of both studies. The differences in val-
ues of color for PA groups between the two studies is 
due to the fact that different brands of PA resin were 
used & in the present quest, the specimens underwent 
intervention for a longer duration than the previous 
study by Matar & El-Sharkawy. 

Polychronakis et al., 2015 analyzed the combined ram-
ifications of MW & chemical disinfectants on PMMA & 
PA base resins.23 The specimens were irradiated in a 
450W MW device with a commercial cleanser, dissolved 
in water. The samples were disinfected for a total of 
10 cycles. This chemical disinfection had significant re-
sults. This differing result from the present study can 
be due to differences in number of specimens & expo-
sure time to MW irradiation. These can be contribut-
ing factors, alongside the different brands of polymers 
used in the two studies, for the different results. Also 
Polychronakis et al., used a portable colorimeter for 
color measurement, contrasting to a more sophisticat-
ed spectrophotometer used in this observation.

Polychronakis et al., 2018 investigated the effect of re-
peated MW irradiation for disinfection on PMMA and 
PA.29 The results were statistically significant for both 
materials after simulated daily disinfection with a MW 
device of 450W for seven and a half (7.5) months. Poly-
chronakis et al contradicts the present study results, as 
they had significant differences between the control & 
irradiated samples. Apart from the different brands of 
PMMA and PA being used, Polychronakis et al., 2018 
used colorimeter for color measurements unlike the 
present paper, where spectrophotometer is used. 
Most importantly, MW device used in the current in-
vestigation is of higher power (1KW) than the previous 
study device (450 W).

It is noted that color changes recorded in PA so far were 
more pronounced than that in PMMA. The reason for 
this considerable change for PA can be the presence 
of auxochromes in addition to chromophores and free 
radicals32,33 that cause more change in PA than PMMA. 
Chromophores are responsible for the color of a mole-
cule, and auxochromes are functional groups of atoms 
that are adherent with the chromophores. These auxo-
chromes alter a chromophores’ potential for light ab-
sorption or can modify the wavelength or intensity of 
absorption. These auxochromes along the free radicals 
& chromophores may elicit staining33,34. Literature 
search could not provide research studies related to 
LED disinfection and its effects on color of base resins 
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to make analogy with the present investigation.

Literature on properties of denture base resins after 
LED disinfection could not be found to shed light on the 
results of the present investigation as no direct com-
parison of the results could be done. Although, MW 
and LED have proven to be effective for disinfection 
of denture bases, but the different disinfection strate-
gies are reported to have deleterious effects on some 
properties of denture base resins. Further studies for 
establishing more standardized disinfection regimens 
& evaluating other properties of denture base resins 
are required to establish proper disinfection protocols, 
especially regarding LED disinfection. Also, the inter-
ventional period needs to be extended to examine the 
consequences of repeated disinfection protocols on 
denture base resins. In-vivo or clinical trials will also 
help in establishing proper disinfection protocols to be 
followed by the patients.

Conclusion
MW and LED disinfection regimens did not significant-
ly change PMMA color.  Total color change in PMMA 
according to NBS remained in the lower range of ap-
preciable color change, therefore not one disinfection 
protocol can be preferred over the other. MW caused 
the highest undesirable color change in PA. LED disin-
fection had lower color change in PA, comparable to 
that caused by LED in PMMA. For PA, MW disinfection 
is not feasible as it caused unacceptable color change 
of the PA base resin.
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