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Aims: To investigate the in vitro effect of different staining solutions on the colour stability of Vivera® retainers. 
Methods: Thirty flat specimens fabricated using the Vivera® material (Align Technology Inc., CA, USA) were assigned into five 
Groups (A, B, C, D and E) and immersed at 37°C in solutions of distilled water (control), coffee, tea, red wine, and Coca-
Cola®. The CIE colour parameters (L*, a*, b*) of each specimen were measured before immersion (T0) and after 12 hours (T1), 
three days (T2) and seven days (T3) of solution exposure. Colour differences (ΔΕ) between the interval groups were calculated. 
Results: Significant differences were observed concerning (i) L* between T3 and T0, T1 and T2 for Group B; (ii) a* between T0 
and T1, T2 and T3 for Groups B, C, D and E, as well as between T1 and T2 for Group C; and (iii) b* between T0 and T1, T2 
and T3 for Group B and between T0 and T2 and T3 for Group C. The differences between ΔΕ(T1-T0), ΔΕ(T2-T0) and ΔΕ(T3-T0) were 
statistically significant for Groups B and C, as well as the difference between ΔΕ(T1-T0) and ΔΕ(T2-T0) for Group D. 
Conclusions: Coffee, tea and red wine caused visible changes in the retainers’ colour.
(Aust Orthod J 2014; 30: 192–200)
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Introduction

Several orthodontic retention protocols and devices 
have been proposed in order to minimise post-
treatment change.1,2 Although removable retainers 
are preferable compared with fixed retainers in regard 
to oral hygiene, they require patient compliance 
and prolonged use.3,4 In order to increase patient 
acceptance of removable devices, clear thermoplastic 
retainers have been introduced as an aesthetically 
acceptable, comfortable and inexpensive alternative 
to conventional removable retainers.5,6 Whereas full-
time wear of clear retainers immediately after the 
removal of fixed appliances is recommended, different 

opinions exist concerning the length of time and the 
wear regimen of these devices.7,8,9

Various materials are currently used for the fabrication 
of thermoplastic retainers. Most are polypropylene 
polymers (Essix C+, Raintree Essix, LA, USA) or 
copolyester polymers (TR, Bay Dental Direct, MI, 
USA). Align Technology Inc. (San Jose, CA, USA) 
recently introduced the Vivera® retainers using the 
same fabrication technology of 3D digital imaging as 
Invisalign® aligners. While thermoplastics have the 
potential to provide important aesthetic advantages 
and greater patient comfort during orthodontic 
retention,10 their chemical and physical properties 
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may be compromised when used in the oral cavity.11 
Several studies have demonstrated poor wear 
resistance and durability along incisal and occlusal 
surfaces after only a few months of intra-oral use.12,13 
Additionally, polyurethane, the basic constituent 
polymeric component of Invisalign® aligners, is not 
an inert material and is affected by heat, moisture, 
and prolonged contact with oral enzymes.14,15 From 
an aesthetic point of view, the stability of the colour 
and transparency of thermoplastic material during 
the full-time wear of clear retainers remains a critical 
parameter for clinicians and patients. 

The aim of the present investigation was to study 
in vitro the effect of different staining solutions on 
the colour stability of Vivera® retainers. The null 
hypothesis was that there is no statistically significant 
difference in CIE (International Commission on 
Illumination) colour parameters L*, a* and b* 
(lightness, red/green, and blue/yellow) of retainer 
material before and after solution immersion.

Materials and methods

Thirty flat specimens (23 mm x 23 mm) were fabricated 
using the Vivera® retainer material produced by 
Align Technology Inc. Each was subjected to thermal 
processing, and subsequently shaped with negative 
pressure similar to the manufacture of Vivera® 

retainers to ensure that the specimen’s material had 
exactly the same chemical and mechanical properties 
as the commercially-available retainers (Figure 1A). 

The specimens were randomly assigned into five 
groups (N = 6) and were immersed in various solutions 
at 37°C over several immersion cycles (Figure 1B). 
Group A, in which specimens were stored in distilled 
water at room temperature, served as a control group 
for Groups B, C, D and E. In Group B, specimens 
were stored in coffee (Nescafe Classic®, Nestle, 
Switzerland), which was prepared by dissolving 3.6 g 
of coffee powder in 300 ml of boiling distilled water 
as per the manufacturer’s recommendations. In Group 
C, specimens were stored in tea (Yellow Label® tea, 
Lipton, Kenya). The tea solution was prepared by 
immersing for ten minutes, two prefabricated tea bags 
(2 x 1.5 g) into 300 ml of boiling distilled water. In 
Groups D and E, the specimens were stored in red 
wine (Rapsani®, Tsantali Vineyards & Wineries, 
Greece) and Coca-Cola® (Coca-Cola®, Coca-Cola 
Hellenic, Greece), respectively. After each immersion 
cycle, the specimens were removed, rinsed with tap 
water, and blot-dried before colour measurement. 
Fresh solutions were prepared after each staining cycle. 

The UV2401PC UV-VIS Recording Spectrophotom-
eter (Shimadju®, Tokyo, Japan; UVPROBE software 
version 2.21), equipped with an integrating sphere 
in the detector system, as established by ISO recom-
mendation, was used in the current study (Figure 
1C). The spectrophotometric readings of each object 
were recorded and the colour of the measured speci-
men was identified in L* a* b* colour parameters of 
CIE.16-18 The coordinate L* is a measure of lightness 
similar to ‘value’ in the Munsell system,19 and ranges 

Figure 1.  (A) The Vivera® material specimens positioned on the plate dish. (B) Immersion of Group A, B, C, D and E specimens in staining solutions. (C) The 
UV2401PC UV-VIS recording spectrophotometer.
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from 0 (black) to 100 (white); a* and b* coordinates 
represent positions on a red/green and yellow/blue 
axis, respectively. The readings a* and b* combined 
provide the same information as ‘hue’ and ‘chroma’ 
in the Munsell system. The CIE Lab system arrange-
ment is an approximately uniform three-dimensional 
colour space whose elements are equally spaced on 
the basis of visual colour perception, which is quanti-
fied based on standard observer curves and standard  
illuminants.16,17 

For each colour parameter, the unit of change is 
approximately equal as perceived by the human eye. 
The corresponding colour differences are therefore 
expressed in a unit that is related to the human eye’s 
visual perception and this may be found to have 
clinical significance.20

A standardised protocol for in vitro spectro-
photometric colour evaluation was adopted for each 
specimen. All measurements were performed in the 
same spectrophotometer. The spectrophotometric 
data of each specimen was recorded at three 
consecutive times by positioning, removing and 
repositioning the specimen in the integration sphere 
of the spectrophotometer. All measurements were 
conducted by the first author by employing a repeated-
measuring design (N = 3) at four time intervals: 

(Τ
0
): before specimen immersion into each solution 

(as received Vivera® specimen);

(Τ
1
): after 12 hours of solution exposure;

(Τ
2
): after three days of solution exposure; and

(Τ
3
): after seven days of solution exposure.

The CIE colour parameters (L*, a*, b*) were measured 
and averaged for each specimen and the resultant ΔΕ 
(colour differences) between the interval groups were 
calculated according to the following equation:

ΔΕ = [(L*i – L*ii)2 + (a*i – a*ii)2 + (b*i – b*ii)2]1/2

where i and ii represent the colour measurements 
made at two different time points.21,22

A statistical analysis was conducted using the IBM 
Statistics SPSS 19.0 software and statistical significance 
was set at p < 0.05. A two-way ANOVA with repeated 
measures model was applied for the analysis of the 
data. In case of rejection of the sphericity assumption, 
the Greenhouse-Geisser method for the epsilon 
correction was used. Pairwise comparisons were done 
with the Bonferroni method.23

Method’s error

To evaluate intra-examiner agreement (the repeat-
ability of placing the specimen on the plate dish and 
the positioning of the plate dish in the instrument’s 
integration sphere) the spectrophotometric data (L*, 
a* and b* chromatic parameters) of 20 specimens were 
recorded by the first author twice during the same 
day. The reproducibility of the measurements was 
estimated with Pearson’s r correlation coefficient24 and 
the magnitude of the method’s error was computed 
by the limits of disagreement24 and the Dahlberg’s 
formula.25

Results

To assess intra-examiner reliability, the L*, a* and b* 
chromatic parameters of 20 specimens were measured 
twice in the same day. Pearson’s r was found to be 
greater than 0.99 for the L* parameter, 0.88 for the a* 
parameter, and 0.94 for the b* parameter. The limits 
of disagreement were found to be between -0.05 and 
0.07 for the L* parameter, between -0.09 and 0.08 
for the a* parameter and between -0.12 and 0.11 
for the b* parameter. The ΔΕ values were found to 
be between 0.01 (minimum) and 0.14 (maximum), 
which were far lower than the threshold value of 
3.7. Dahlberg’s magnitude of the method’s error 
formula produced values equal to 0.02 for the L* 
parameter, 0.03 for the a* parameter, and 0.04 for the 
b* parameter, respectively. Based on these results, the 
investigator’s reliability was judged to be acceptable 
and the method’s error insignificant.

Descriptive statistics and results are shown in Tables 
I and II. The main effect of the group and the 
interaction between time and group were found to 
be statistically significant (Tables III and IV), hence 
pairwise comparisons between the levels of the groups 
at each time level were conducted. 

Statistically significant differences were found for the 
following variables:

The measurements of the L* parameter at T
3
 were 

significantly different in mean values from T
0
, T

1
 and 

T
2
 (p = 0.001, p < 0.001, and p < 0.001, respectively) 

for Group B (Figure 2).

The T
0
 mean value of a* parameter was significantly 

different from the mean values of T
1
, T

2
 and T

3
 (p < 

0.001, p = 0.001, and p < 0.001, respectively) for Group 
B. For Group C, the T

0
 mean value was significantly 
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Group T

L* a* b*

 Mean  SD    SE Mean  SD   SE  Mean  SD   SE

A (water) T0 33.128 0.54 0.244 0.182 0.04 0.012 -2.339 0.17 0.058

T1 33.222 0.59 0.214 0.171 0.03 0.013 -2.312 0.12 0.075

T2 33.412 0.69 0.263 0.172 0.03 0.017 -2.296 0.12 0.113

T3 33.260 0.58 0.283 0.136 0.03 0.025 -2.227 0.15 0.119

B (coffee) T0 33.526 0.50 0.244 0.151 0.02 0.012 -2.361 0.18 0.058

T1 33.249 0.52 0.214 0.081 0.03 0.013 -1.966 0.16 0.075

T2 33.142 0.60 0.263 0.070 0.03 0.017 -1.447 0.24 0.113

T3 32.127 0.53 0.283 0.019 0.06 0.025   -.543 0.34 0.119

C (tea) T0 33.007 0.84 0.244 0.203 0.01 0.012 -2.243 0.13 0.058

T1 32.863 0.74 0.214 0.257 0.03 0.013 -1.901 0.24 0.075

T2 32.613 0.95 0.263 0.352 0.08 0.017 -1.352 0.48 0.113

T3 32.673 1.18 0.283 0.311 0.10 0.025   -.765 0.50 0.119

D (red wine) T0 31.844 0.62 0.244 0.181 0.04 0.012 -2.293 0.10 0.058

T1 31.834 0.37 0.214 0.279 0.04 0.013 -2.395 0.18 0.075

T2 32.038 0.47 0.263 0.270 0.03 0.017 -2.376 0.18 0.113

T3 32.165 0.55 0.283 0.254 0.03 0.025 -2.379 0.17 0.119

E (Coca-Cola) T0 32.792 0.39 0.244 0.192 0.02 0.012 -2.221 0.11 0.058

T1 32.922 0.29 0.214 0.158 0.02 0.013 -2.141 0.20 0.075

T2 32.980 0.33 0.263 0.122 0.02 0.017 -1.992 0.21 0.113

T3 33.128 0.31 0.283 0.100 0.05 0.025 -2.002 0.09 0.119

Table I.  Descriptive statistics for the L*, a* and b* parameters.

Group Time  Mean   SD   SE

A (water) ΔΕ(T1-T0) 0.160 0.08 0.058

ΔΕ(T2-T0) 0.305 0.21 0.126

ΔΕ(T3-T0) 0.201 0.10 0.134

B (coffee) ΔΕ(T1-T0) 0.502 0.06 0.058

ΔΕ(T2-T0) 0.999 0.17 0.126

ΔΕ(T3-T0) 2.301 0.35 0.134

C (tea) ΔΕ(T1-T0) 0.552 0.10 0.058

ΔΕ(T2-T0) 1.164 0.45 0.126

ΔΕ(T3-T0) 1.975 0.25 0.134

D (red wine) ΔΕ(T1-T0) 0.501 0.25 0.058

ΔΕ(T2-T0) 0.749 0.45 0.126

ΔΕ(T3-T0) 0.838 0.56 0.134

E (Coca-Cola) ΔΕ(T1-T0) 0.199 0.13 0.058

ΔΕ(T2-T0) 0.349 0.09 0.126

ΔΕ(T3-T0) 0.431 0.16 0.134

Table II.  Descriptive statistics for ΔΕ parameter. different from the mean values at T
1
, T

2
 and T

3
 (p < 

0.001, p < 0.001, and p < 0.001, respectively) and the 
T

1
 mean value was significantly different from the T

2
 

mean. The T
0 

mean was significantly different from 
the mean values at T

1
, T

2
 and T

3
 (p < 0.001, p < 0.001, 

and p = 0.039, respectively) for Group D. Lastly, for 
Group E, the T

0
 mean was significantly different from 

the mean values at T
1
, T

2
 and T

3
 (p < 0.001, p < 0.001, 

and p < 0.001, respectively) (Figure 3).

Statistically significant differences were found in 
the b* parameter between T

0
 and T

1
, T

2
 and T

3
 for 

Group B (p < 0.001) and between T
0
 and T

1
, T

2
 and 

T
3
 for Group C (p = 0.001, p < 0.001, and p < 0.001, 

respectively) (Figure 4).

The mean differences between ΔΕ(T
1
-T

0
), ΔΕ(T

2
-T

0
) 

and ΔΕ(T
3
-T

0
) were statistically significant for Groups 

B and C (p < 0.001) as well as the mean difference 
between ΔΕ(T

1
-T

0
) and ΔΕ(T

2
-T

0
) for Group D 

(p = 0.031) (Figure 5, Table V). Total ΔΕ observed 
differences ranged from 0.03 to 2.86 units. 



Australian Orthodontic Journal Volume 30 No. 2 November 2014196

ZAFEIRIADIS ET AL

Discussion
The results of the present study suggest that staining 
effects were more prominent in Group B (coffee), 
followed by Group C (tea) and Group D (red wine). 
Coffee seemed to cause a significant decrease in mean 
L* and a* values and an increase in the mean b* value 
of the Vivera® material. This finding implied that the 
average retainer colour became darker and shifted 
more into the green and yellow ranges. Tea caused a 
significant increase in the mean a* and b* values of the 
Vivera® material, which indicated a colour shift more 
into the red and yellow ranges. Red wine increased, 
while Coca-Cola decreased the mean a* value of the 
retainer colour, implying that the colour shifted more 
into the red and green ranges, respectively. Storage in 
water did not seem to affect the colour of the retainers 
during the immersion period used in this study. 
Statistically significant differences were also found 
in the ΔE parameter. Mean ΔΕ changes induced by 
coffee [mean ΔΕ(T

3
-T

0
) = 2.301 units] and tea [mean 

ΔΕ(T
3
-T

0
) = 1.975 units] were found to be visible 

Figure 2.  Estimated mean L* values with 95% confidence intervals (CIs) 
produced from the ANOVA model.

Figure 3.  Estimated mean a* values with 95% CIs produced from the 
ANOVA model.

Figure 4.  Estimated mean b* values with 95% CIs produced from the 
ANOVA model.

(ΔE > 1 unit) while changes induced from red wine 
were considered as invisible (ΔE < 1).21,22 The total 
observed differences ranged from 0.03 to 2.86 units 
and were considered clinically acceptable (1 < ΔE  
< 3.7),26 although prolonged immersion in the staining 
solutions could possibly cause clinically significant 
changes in the specimen’s colour. 

Coffee, tea, red wine and Coca-Cola, among other 
drinks, are identified as staining solutions27-34 and for 
this reason they were used in the present study for 
staining effect evaluation. Coffee was found to be the 
most chromogenic agent among the solutions used. 
This finding was consistent with previous studies 
investigating the colour stability of different dental 
materials, such as denture teeth.32,35 Several studies 
have also concluded that coffee caused more staining 
than tea.27,29,31,35-37 Additionally, rinsing experiments 
have shown that tannic acid, included in tea, promoted 
the formation of a brown stained pellicle on teeth,38 
whereas black tea and red wine components have been 
shown to induce in vitro pellicle maturation.39

Figure 5.  Estimated mean ΔΕ (colour difference) values with 95% CIs 
produced from the ANOVA model.
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Source Type III sum of 
squares

Degrees of 
freedom Mean square F statistic Significance 

(p-value)

L* Time           0.657 1.525 0.431 1.799 0.185

Time * Group           7.719 6.101 1.265 5.281 <0.001

Error (Time)           9.134 38.134 0.240

Intercept    129070.844 1 129070.844 110939.301 0.000

Group         23.151 4 5.788 4.975 0.004

Error         29.086 25 1.163

a* Time           0.018 2.085 0.009 4.071 0.021

Time * Group           0.183 8.341 0.022 10.435 <0.001

Error (Time)           0.110 52.130 0.002

Intercept           4.020 1 4.020    1404.623 <0.001

Group           0.623 4 0.156 54.389 <0.001

Error           0.072 25 0.003

b* Time           8.656 1.532 5.648      119.324 <0.001

Time * Group         10.306  6.130 1.681 35.518 <0.001

Error (Time)           1.814 38.312 0.047

Intercept       469.300 1      469.300    3277.621 <0.001

Group         14.102 4 3.525 24.622 <0.001

Error           3.580 25 0.143

Table III.  Results of 2-way ANOVA for L*, a* and b* parameters.

Source Type III sum of 
squares

Degrees of 
freedom Mean square F statistic Significance

(p-value)

Time            8.866 2 4.433 116.502 <0.001

Time * Group            8.197 8 1.025   26.925 <0.001

Error (Time)            1.903 50 0.038

Intercept          50.417 1       50.417 344.273 <0.001

Group          17.271 4 4.318   29.484 <0.001

Error            3.661 25 0.146

Table IV.  Results of 2-way ANOVA for ΔE parameter.

The discolouration of polymeric materials may be 
caused by a wide array of sources including: 

•	 extrinsic discolouration arising from the 
superficial absorption or adsorption of colour 
pigmentation of food dyes, coloured mouth 
rinses, plaque or the coloured components 
produced in plaque by chromogenic bacteria 
or from the chemical transformation of pellicle 
components;40-42

•	 discolouration of the surface from absorption or 
superficial penetration of staining agents passing 
through the oral cavity after chemical degradation 

of the material surface or discolouration of the 
outer layers caused by superficial diffusion of 
hydrophilic colourings;43

•	 internal discolouration derived from incomplete 
polymerisation; 43 and 

•	 endogenous irreversible discolourations attributed 
to changes in the material’s chemical structure.43 

In this in vitro investigation, the sample discolouration 
could be attributed to the extrinsic staining from 
absorption or the superficial penetration of the 
staining agents.
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Limited information is available regarding 
thermoplastic retainer colour change associated 
with staining agents and/or patient oral application. 
Substantial changes in retainer morphology have been 
reported, caused by speech, swallowing and bruxism, 
which alters the surface and structural characteristics 
of polyurethane material.11,15 External discolouration 
could be a function of time, temperature and pH while 
retainers are kept in mouth during the drinking of 

acidic soft drinks, wine, coffee, tea, fruit juices or other 
liquids. Also adsorption of proteinaceous material 
and regional calcification of stagnation points, which 
have been shown to occur in the retainer’s surface, 
could be factors influencing retainer colour.11,15 The 
stability of optical properties such as absorption, 
reflection, refraction and the scattering of light may be 
influenced by a number of factors existing in the oral 
cavity, including the continuous exposure to saliva, 

Group (I) ΔΕa (J) ΔΕa Mean difference (I-J) Standard error Significance

A (water)
1

2 -0.145 0.098  0.452

3 -0.041 0.122 1.000

2
1 0.145 0.098 0.452

3 0.104 0.117 1.000

3
1 0.041 0.122 1.000

2 -0.104 0.117 1.000

B (coffee)
1

2 -0.497* 0.098 0.000

3 -1.799* 0.122 0.000

2
1  0.497* 0.098 0.000

3 -1.302* 0.117 0.000

3
1  1.799* 0.122 0.000

2  1.302* 0.117 0.000

C (tea)
1

2 -0.613* 0.098 0.000

3 -1.423* 0.122 0.000

2
1  0.613* 0.098 0.000

3 -0.810* 0.117 0.000

3
1  1.423* 0.122 0.000

2  0.810* 0.117 0.000

D (red wine)
1

2 -0.248 0.098 0.053

3 -0.337* 0.122 0.031

2
1  0.248 0.098 0.053

3 -0.089 0.117 1.000

3
1  0.337* 0.122 0.031

2  0.089 0.117 1.000

E (Coca-Cola)
1

2 -0.150 0.098 0.412

3 -0.232 0.122 0.205

2
1  0.150 0.098 0.412

3 -0.082 0.117 1.000

3
1  0.232 0.122 0.205

2  0.082 0.117 1.000

Table V.  Pairwise comparisons between ΔΕ levels.

a1, ΔΕ(T1 – T0) ;  2, ΔΕ(T2 – T0) ;  3, ΔΕ(T3 – T0) 
*Statistically significant
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crevicular fluid and the other organic and inorganic 
oral fluids,44 while transparency loss of the retainer 
material has been shown to occur in vivo within a 
two-week wearing time.11 It is also likely that internal 
discolouration could be caused by thermal energy 
and/or UV irradiation, which may induce physico-
chemical reactions in the retainer polymer. However, 
there are no supportive studies available.

Care should therefore be taken in interpreting the 
results of in vitro studies concerning the effects 
induced by the oral cavity. The effects of staining 
agents on Vivera® retainers could be more prominent 
in vivo and could also be attributed to the type of 
thermoplastic material and its susceptibility to certain 
staining agents, while the magnitude of the effects 
could also increase over time with prolonged oral wear 
of the retainer. The results of the present investigation 
indicate the relative in vivo discolouration potential 
of coffee, tea and, to a lesser extent, red wine, on the 
specific material. 

The influence of systematic and random errors on 
the quantitative evaluation of retainer colour and the 
precision of the spectrophotometric measurements 
constituted limitations of this in vitro trial. Systematic 
errors, which are inherent in all instruments,45 
are difficult to manage and can adversely affect 
instrument accuracy regardless of the control of 
the environment or the degree of precision.46 The 
uncertainty of the measuring process is associated with 
random errors, which were minimised in this study by 
averaging repeated measurements and control of the 
methodological factors.47

Knowledge of the effects of the staining potential 
on the retainer’s surface could guide clinicians 
regarding the instructions provided to patients upon 
retainer insertion, so that better long-term retainer 
maintenance and colour stability are preserved. 
The present findings suggest that it is important for 
patients to avoid drinking staining beverages, such 
as coffee and tea, while keeping the retainers in the 
mouth. Further studies would be necessary to enhance 
the physical and optical properties of thermoplastic 
material when retainers are subjected to the hostile 
conditions of the oral cavity.

Conclusion 

This study indicates that the colour of Vivera® 
retainers exhibited changes induced by several staining 

solutions, especially coffee, tea and, to a lesser extent, 
red wine. In the rejection of the null hypothesis, the 
CIE colour parameters L*, a*, and b* of retainers 
showed statistically significant differences.
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