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Background and Aim: Shade guide discoloration after disinfection can interfere with 
the appropriate color selection for dental restorations. Since one of the most important 
issues for patients is the color of the final restoration, the discoloration of shade guides 
due to disinfectants will be important. Infection control is a definite and important 
matter in dentistry. Due to the contradictory results of studies on the effect of disin-
fectants on shade guide discoloration, this study aimed to examine the discoloration 
of the Vita classical shade guide by glutaraldehyde disinfectant.  
Materials and Methods: In this experimental study, samples of A4, B4, C4, and 
D4 colors were selected from the Vitapan classical shade guide, 10 pieces each (40 
samples in total). Three samples of each color were immersed in distilled water as 
a control while the other seven were immersed in a 2% glutaraldehyde disinfectant 
solution. The shade pilot spectrophotometer was used for colorimetry, which was per-
formed at baseline and 24, 48, and 72 hours after the immersion. The color of the 
samples was evaluated based on the CIE Lab system. The data were analyzed with 
two-way analysis of variance (ANOVA) and Tukey’s test.
Result: The rate of color change (ΔE) of the samples was higher in the glutaralde-
hyde group than in distilled water (P<0.05). In addition, color change in both groups 
showed a significant difference at different times (P<0.05).
Conclusion: The Vitapan classical color samples discolor by immersion in 2% glutar-
aldehyde disinfectant after 24, 48, and 72 hours, but this color change is not clinically 
detectable (ΔE<1).
Keywords: Color, Colorimetry, Dental Disinfectants, Discoloration, Dental Resto-
rations, Spectrophotometry, Time Factors
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Introduction: 
	 The discoloration of shade guides after dis-
infection can interfere with appropriate color 
selection for dental restorations.(1) Shade guides 
are used to match the color between the veneer 
and the natural tooth; they require disinfection to 
control the infection.(2) The use of disinfectants 
can eventually cause changes in the color of the 
equipment.(2) Any difference in the color of the 
restoration compared to natural teeth will be sig-
nificant as it is noticeable to the patient.(3) 

	 Dental veneers should be made similar in 
color to natural teeth.(4) 

 Various studies have shown that disinfectants 
affect the physical and mechanical properties 
of resin teeth; these substances may affect the 
color and surface properties of cast restora-
tions.(4) Glutaraldehyde, as a sterilizing sub-
stance, destroys all pathogens and even the 
endospore; it is a strong disinfectant.(5)

The color matching process must be in ac-
cordance with shade guides.	

E KHodarahmi1, MH Salari2, A Azizi3, SH Lawaf *4

1- Dentist
2- Assistant Professor, Prosthodontics Dept, Faculty of Dentistry, Tehran Medical Sciences, Islamic Azad Uni-
versity, Tehran, Iran.
3- Professor of Oral Medicine Dept, Faculty of Dentistry, Tehran Medical Sciences, Islamic Azad University , 
Tehran, Iran.
4- Associate Professor, Prosthodontics Dept, Member Ship of Dental Material Research Center, Faculty of  
Dentistry,Tehran Medical Sciences, Islamic Azad University, Tehran, Iran

http://orcid.org/0000-0003-0859-1485


Discoloration of Vita Classical Shade Guide

http://www.jrdms.dentaliau.ac.ir  Journal of Research in dental and maxillofacial sciences        5

Several shade guides are used in restorative den-
tistry; one of the most widely used types is the 
Vitapan classical shade guide (VITA Zahnfab-
rik, Bad Säckingen, Germany) with 16 colors, 
which has been selected for use in this study.(1) 

Few studies have been performed to determine 
whether surface disinfectants affect the appear-
ance of shade guides. (1)

	 In 1999, Tsun et al conducted a study to inves-
tigate the effect of immersion of pressable ceram-
ics and ceramo-metal porcelain in various surface 
disinfectants and did not report any noticeable 
discoloration,(4) whereas Koosha et al proved that 
disinfectants have a significant effect on shade 
guide discoloration.(2)

	 Due to inconsistencies and insufficient infor-
mation in this field, this study aimed to investi-
gate the color change of the Vita classical shade 
guide after immersion in 2% glutaraldehyde dis-
infectant at the Faculty of Dentistry of Islamic 
Azad University of Medical Sciences, Tehran, 
Iran. The results of this study can be very useful 
for improving clinical conditions and raising the 
awareness of dentists.

Materials and Methods:
	 The present analytical-descriptive study in-
volIn this experimental study, A4, B4, C4, and 
D4 color samples were selected from the Vita-
pan classical shade guide (VITA Zahnfabrik, Bad 
Säckingen, Germany), 10 pieces each (40 sam-
ples in total).(1) Then, the metal handle of each 
shade tab was separated, and the porcelain of that 
shade tab was coded from 1 to 40 for performing 
the test steps. Next, all the tabs were assessed us-
ing the shade pilot spectrophotometer (Dentsply 
Sirona, Bensheim, Germany) for measuring color 
in a single-blind manner. Then, three random tabs 
of each color were immersed in distilled water as 
a control, and the other seven tabs of each color 
were immersed in 2% glutaraldehyde surface dis-
infectant (Behsa Razi Co., Tehran, Iran) for 24 
hours.(2) The samples were immersed three times 
a week for 10 minutes each time to simulate a 
one-year use.(2) After 24 hours of immersion in 
the disinfectant, all tabs were washed with dis-
tilled water for 5 minutes in an ultrasonic device, 
were kept under running water for 30 seconds, 
(2) and examined again by the shade pilot spec-
trophotometer. In addition to 24 hours (the first 

year), this process was repeated for 48 hours (the 
second year) and 72 hours (the third year; Figures 
1 to 6). (1) The color of the samples was evaluated 
based on the CIE Lab system. (4) Data were ana-
lyzed using two-way repeated-measures analysis 
of variance (ANOVA) and Tukey’s test.

 

Figure 1: Separation of the metal 
handle of shade tabs

Figure 2: Immersion of samples in 
distilled water and glutaraldehyde

 

Figure 3: Preparation of the shade
 pilot spectrophotometer to take 

photos of the samples
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Figure 4: Photo on the spectrophotometer’s 
monitor

 

Figure 5: Tooth color in incisal-
body-cervical areas

 

Figure 6: L-a-b-∆E values for each 
shade tab

Results:
	 The research project was performed 
by immersing A4, B4, C4, and D4 color 
samples in glutaraldehyde and distilled 
water at three different times (24, 48, and 
72 hours) and colorimetry at four different 
times (0, 24, 48, and 72 hours). The follow-
ing results were obtained:	 According to 
the results of Table 1, it was shown that the type 
of solution is effective in discoloration of all the 
samples, regardless of the type of the color sam-
ple (P=0.006<0.05).	 Also, color change in 
glutaraldehyde solution (P=0.0001) and dis-
tilled water (P=0.0001) showed a significant 
difference at different times (P<0.05). 

Table 1: Comparison of discoloration rate (ΔE) of the samples at different immersion times 
in the two studied solutions

  Immersion time  Solution 

P-value P-value ΔE after 72 hours 
(Mean±SD) 

ΔE after 48 hours 
(Mean±SD) 

ΔE after 24 hours 
(Mean±SD) 

 .0...0 055010 ±452.0 01.040 ±13000 01251±.12160 Glutaraldehyde 

 .0...0 010160 ±55150 025250 ±21..0 5.1400 ±15.50 Distilled water 

  044130 ±42150 014120 ±15050 045530 ±165.0 Total 

.0..3  .0...0   P-value 
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Table 2: Comparison of discoloration rate (ΔE) at different immersion times in the two types of solution studied 
for the A4 color sample

Table 3: Comparison of discoloration rate (ΔE) at different immersion times in the two types of solution stud-
ied for the B4 color sample

It was also shown that time chante (regardless of 
the type of solution) is effective in ΔE of all sam-
ples (P=0.0001<0.05).
	 According to the results of Table 2, it was 
shown that the type of solution is effective 
in the color change of the A4 color sample 
(P=0.024<0.05). Also, color change in glutaral-
dehyde solution (P=0.041<0.05) showed a sig-
nificant difference at different times, while the 
color change in distilled water (P=0.119>0.05) 
did not show any significant difference at differ-
ent times. Time change (regardless of the type 
of solution) was also effective in ΔE changes 
(P=0.007<0.05).
	 The result of the color change statistical test 
according to each of the times studied in the A4 
color sample is as follows:

At 24 and 72 hours, the difference in discolora-
tion was not significant between the two solutions 
(P=0.357,0.201). However, at 48 hours, the dif-
ference in discoloration was significant between 
the two solutions (P=0.026).
	 According to the results of Table 3, it was 
shown that the type of solution was not effec-
tive in the discoloration of the B4 color sample 
(P=0.775>0.05). 
	 Also, color change in glutaraldehyde solution 
(P=0.006) showed a significant difference at dif-
ferent times, while the color change in distilled 
water (P=0.296) did not show any significant dif-
ference at different times. Time change (regard-
less of the type of solution) was also effective in 
changes of ΔE (P=0.0001<0.05). 

  Immersion time  Solution 
                

 P-value P-value ΔE after 72 hours 
(Mean±SD) 

ΔE after 48 hours 
(Mean±SD) 

ΔE after 24 hours 
(Mean±SD) 

 692.0 250529 ±22529 605259 ±952.9 226229 ±42299 Glutaraldehyde 

69225 69660 252229 ±0.449 224229 ±42449 226269 ±49029 Distilled water 

  222.29 ±22069 609209 ±92.69 222249 ±42269 Total 

  69092 69200 692 P-value 

   696662  p-value 

 

  

 

 

 

 

Solution                 Immersion time     

  ΔE after 72 hours 
(Mean±SD)  

ΔE after 48 hours 
(Mean±SD)  

ΔE after 24 hours 
(Mean±SD)  

P-
value 

P-
value 

Glutaraldehyde  0.3343±0.18247 0.4257±0.13402 0.7243±0.18447 0.119  
Distilled water  0.4867±0.28024 0.6500±0.5568 08867±0.11015 0.041 0.024 

Total  
0.3870±0.21066 

 
0.4930±0.15621 

 0.7730±0.17758   

P-value 0.357 0.026 0.201   
p-value      
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showed a significant difference at different times, 
while the color change in distilled water (P=0.096) 
did not show any significant difference at different 
times. Time change (regardless of the type of solu-
tion) was effective in ΔE changes (P=0.002).
	 The result of the statistical test of the color 
change of the C4 color sample according to each 
of the times studied is as follows:
At 24 hours, the difference in color change 
was significant between the two solutions 
(P=0.001). But at 48 and 72 hours, the difference 
in color change was not significant between the 
two solutions (P=0.37,0.251).

The result of the statistical test of the color 
change for the B4 color sample according to 
each of the times studied is as follows:At 24, 
48, and 72 hours, the difference in the color 
change was not significant between the two 
solutions (P>0.05).
	 According to the results of Table 4, it was 
shown that the type of solution was effec-
tive in discoloration of the C4 color sample 
(P=0.008<0.05). Also, the color change in glu-
taraldehyde solution (P=0.013)

	

Table 4: Comparison of discoloration rate (ΔE) at different immersion times in the two types of 
solution studied for the C4 color sample

Table 5: Comparison of discoloration rate (ΔE) at different immersion times in the two types 
of solution studied for the D4 color sample

 

 

 

Solution  Immersion time   

  ΔE after 72 hours 
(Mean±SD)  

ΔE after 48 hours 
(Mean±SD)  

ΔE after 24 hours 
(Mean±SD)  

P-value P-value 

Glutaraldehyde  0.4814±0.10761 
 

0.6014±0.12615 
 

0.7871±0.13829 
 

0.347 
 

0.368 

Distilled water  0.4667±0.24028 
 

0.6600±0.14526 
. 

0.9167±0.7234 
 

0.004 
 

Total  0.4770±0.14353 
 

0.6190±0.12688 
. 

0.8260±0.13352 
. 

 

P-value 0.892 
 

0.536 
 

0.172 
 

 

p-value 
0.001 

 
 

 

 

 

 

 

Solution  Immersion time   

  ΔE after 72 hours 
(Mean±SD)  

ΔE after 48 hours 
(Mean±SD)  

ΔE after 24 hours 
(Mean±SD)  

P-value P-value 

Glutaraldehyde  0.2786±0.10040 
 

0.3643±0.12177 
 

0.6629±0.17689 
 

0.096 
 

0.008 
 

Distilled water  0.6233±0.7234 
 

0.4367±0.06506 
. 

0.8000±0.09644 
 

0.013 
 

Total  0.3820±0.18873 
 

3860±0.10977 
 

0.7040±0.16527 
 

 

P-value 0.001 
 

0.37 
 

0.251 
 

 

p-value 
0.001 

 
 

 

	  According to the results of Table 5, it 
was shown that the type of solution was 
not effective in the color change of the D4 
color sample (P=0.368>0.05). Also, color 
change in glutaraldehyde solution (P=0.004) 
showed a significant difference at differ-
ent times, while the color change in distilled  

water (P=0.347) did not show any significant 
difference at different times. Time change (re-
gardless of the type of solution) was effective in 
the changes of ΔE (P=0.001<0.05).		
The result of the statistical test of the color 
change of the D4 color sample according to each 
of the times studied is as follows:
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environment, the information was convert-
ed to the National Bureau Standards (NBS) 
units using the following equation:
NBS unit = ΔE × 0.92. 
	 According to the NBS units, the color 
changes are as follows:
0.0-0.5: Very slight changes 
0.5-1.5: Slight changes 
1.5-3.0: Noticeable changes
3.0-6.0: Appreciable changes 
6.0-12.0: Very appreciable changes 
12 or more: Conversion to another color.
In this study, color changes in the color groups 
were in the range of 0.5-1.5 i.e. slight changes.  
Component “a”(which indicates redness and 

Table 6: Comparison of discoloration rate (ΔE) at different immersion times in the color groups studied

showed a significant difference (P=0.006).The 
result of the statistical test of the color change of 
different color samples according to each of the 
studied times is as follows:
	 At 48 hours, the difference in color change was 
significant among the color samples (P=0.001), 
but at the other two times, the difference in 
color change was not significant among the 
color samples (P=0.254,0.402).

 Immersion time in solution 

Color sample P-value ΔE after 72 hours 

(Mean±SD) 

ΔE after 48 hours 

(Mean±SD) 

ΔE after 24 hours 

(Mean±SD) 

 8>><?. ±>>:7. 8<=98. ±;@:7. 987==±.:?>7.  A4 

 998@9. ±>8=7. 7?;>?. ±;9@7. 898>:. ±:997. B4 

7.77> 8=<9>. ±>7;7. 87@>>. ±:?=7. 8??>:. ±:?97. C4 

 8::<9. ±?9=7. 89=??. ±=8@7. 8;:<:. ±;>>7. D4  

 8>>;?. ±><;?. 8;>:<. ±;?8?. 8>9<=. ±:@97. Total 

 7.;79 7.778 7.9<; P-value 

  7.77=  P-value 

 

Table 7: Tukey’s statistical test
 results in the color groups studied 

(A4, B4, C4, and D4) 
  
Mean ΔE 

  
Color groups  

.666  A4 

.466  B4  

.616  C4  

.666  D4  
~1 P-value  

	 At 24, 48, and 72 hours, the difference in dis-
coloration was not significant between the two 
solutions (P=0.892,0.536,0.172).
	 According to the results of Table 6, discolora-
tion rates in the studied color samples (regardless 
of the type of solution and immersion time) were 
significantly different from each other (P=0.007).
Also, color 
change at different times of immersion (regard-
less of the type of solution and color samples 
studied) 

According to Table 7, the mean E∆ in the 
color groups studied was not significantly 
different.
	 To investigate the relationship between 
the amount of color change recorded by the 
spectrophotometer and that in the clinical 
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Table 8: Mean (L a b) of the A4 color sample at baseline, 24, 48, and 72 hours
Distilled water (Control) 

Glutaraldehyde (Case) Assessment 
time 

b 
(Mean±SD) 

a 
(Mean±SD) 

L 
(Mean±SD) 

b 
(Mean±SD) 

a 
(Mean±SD) 

L 
(Mean±SD) 

 

25.467±0.6351 5.300000±0.4
358899 

65.366667±0.
5033223 

25.414±0.598
4 5.24±0.428 66.01±0.358 Baseline 

25.300±0.5292 5.033333±0.1
154701 

65.533333±0.
3214550 

25.200±0.516
4 

5.228571±0.3
352327 

66.042857±0.3
952094 24 hours 

25.600±0.6083 4.866667±0.4
725816 

65.8333333±0
.5131601 

25.314±0.614
9 

4.957143±0.3
174739 

66.157143±0.3
309438 48 hours 

25.633±0.4933 4.666667±0.3
587939 

65.933333±0.
3055050 

25.414±0.614
9 

4.714286±0.4
259443 

66.442857±0.4
429339 72 hours 

0.066 0.073 0.065 0.003 0.001 0.001     P-value 

 

 
Table 9: Pairwise comparison of the mean (L a b) at different times for the A4 color sample (P<0.05)

 

Group Shade tab Paired Differences T Sig.  
(2-tailed) Mean Std. eviation 

Glutaraldehyde 
A4 

Pair 1 L( base) - L( 48h) -.1428571 .1133893 -3.333 .016
Pair 2 L( base) - L( 72h) -.4285714 .2627691 -4.315 .005
Pair 3 L( 24h) - L( 48h) -.1142857 .1214986 -2.489 .047
Pair4 L( 24h) - L( 72h) -.4000000 .2309401 -4.583 .004
Pair 5 L( 48h) - L( 72h) -.2857143 .2115701 -3.573 .012
Pair6 a( base) - a( 48h) .2857143 .2734262 2.765 .033
Pair7 a( base) - a( 72h) .5285714 .1976047 7. 077 .000
Pair 8 a( 24h) - a( 48h) .2714286 .0487950 14.717 .000
Pair 9 a( 24h) - a( 72h) .5142857 .2035401 6.685 .001
Pair 10 a( 48h) - a( 72h) .2428571 .2070197 3.104 .021
Pair 11 b( base) - b( 24h) .2143 .1345 4.215 .006
Pair 12 b( 24h) - b( 48h) -.1143 .1215 -2.489 .047
Pair 13 b( 24h) - b( 72h) -.2143 .1864 -3.041 .023

greenness with positive changes towards red-
ness and negative changes towards green)
was negative for the A4 color sample, indi-
cating greening of the samples.
	 Also, there was a significant difference in 
component “a” in years 2 and 3 compared to 
baseline and in years 2 and 

3 compared to the first year (P<0.05).	
	 Component “b”, the positive of which in-
dicates yellowing, and the negative of which 
indicates bluing of the sample, was positive 
for the A4 color sample, indicating the yel-
lowing of the samples. Also, a significant 
difference was observed in component “b” 
in year 1 compared to baseline and in years 
2 and 3 compared to the first year (P<0.05; 
Table 10).
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	 (P<0.05).Component “b”, the positive of 
which indicates yellowing, and the negative 
of which indicates bluing of the sample, was 
positive for the A4 color sample, indicating 
the yellowing of the samples. Also, a sig-
nificant difference was observed in compo-
nent “b” in year 1 compared to baseline and 
in years 2 and 3 compared to the first year 
(P<0.05; Table 10).

Table 10: Mean (L a b) of the B4 color sample at baseline, 24, 48, and 72 hours

Discussion:
	 Shade guides are mainly used to achieve a 
suitable color matching. To prevent the transmis-
sion of diseases and infectious agents, it is neces-
sary to disinfect shade guides after each use.(2)

	 The 2005 OSHA guidelines for disinfection 
of shade guides have categorized them as sem-
icritical items, which can be disinfected with an 
intermediate-level disinfectant approved by the 
Environmental Protection Agency (EPA). (1)

Some offices and clinics use autoclaves to dis-
infect shade guides, but the plastic tab holder 
cannot withstand the flow of autoclave vapors 
and will degrade over time. Also, the use of auto-
claves in many offices is too time-consuming. (1)

Centers such as dental schools use sterilization 
(gas) to disinfect shade guides due to the volume 
of items and the availability of this sterilization 
method. Whereas in most offices, surface dis-
infectants are used between patients.(1)

	 The present study was performed to investi-
gate the effect of glutaraldehyde disinfectant on 
the rate of the color change of the Vita classical 
shade guide when it is immersed in the solution 
at least 3 times a week for 10 minutes each time.
(6) 

	 of the color sample. This device is a digital 
color analyzer spectrophotometer that is more ac-
curate and reproducible compared to the human 
eye.
	 The results of this study showed that color 
change occurs in both glutaraldehyde and dis-
tilled water groups over time, but color changes 
are more significant in the glutaraldehyde group 
(P<0.006).
In similar studies, Hombesh et al, Brandt et al, 
Huang et al, and Öngül et al have also shown that 
color changes increase over time. (7-10)

	 In this study, it was found that the colors of the 
samples become brighter and the “L” component 
increases over time.
	 These changes can be attributed to the solubil-
ity or abrasion of surface properties by glutar-
aldehyde and distilled water. (1) With glutaralde-
hyde, this color change and brightening occur 
more probably due to its unique chemical com-
pounds. The results of the present study showed 
that the mean ΔE of the color groups studied (A4, 
B4, C4, and D4) was less than one. The results of 
the amount of ΔE have been reported differently 
in different studies.

Distilled water (Control)Glutaraldehyde (Case)Assessment 
time b

)Mean±SD(
a

)Mean±SD(
L

)Mean±SD(
b

)Mean±SD(
a

)Mean±SD(
L

)Mean±SD(

28.967±0.28874.133333±0.0
577350

70.166667±0.1
52752528.798±0.18644.085714±0.3

77964
70.257143±0.21

49197 Baseline

28.900±0.26464.133333±0.5
77350

70.266667±0.4
50925028.586±0.17734.171429±0.7

555929
70.157143±0.13
9727624 hours

29.067±0.20823.866667±0.0
577350

70.40000±0.17
3205128.229±0.92453.771429±0.4

87950
70.500000±0.21
6024748 hours

29.133±0.23093.566667±0.1
154701

70.533333±0.2
08166629.043±0.27603.557143±0.9

75900
70.628571±0.25
6348072 hours

0.207   0.039   0.199 0.001   0.001   0.001  P-value
 

	 In this study, the simulation of use for one year 
was with 24 hours of immersion in the disinfect-
ant while the simulation of use for 2 and 3 years 
was with 48 and 72 hours of immersion in the 
disinfectant. (6) 	 The A4, B4, C4, and D4 colors 
were selected to cover all the different pigments 
(A: brown, B: yellow, C: gray, D: red-brown).
	 The shade pilot spectrophotometer was used 
to record the before and after values of (L a b) of 
the Vita classical shade guide in the middle third
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	 In studies by Hombesh et al, Brandt et al, 
and Öngül et al, disinfectants produced signifi-
cant color changes (ΔE>1). (7,8,10). In the study by 
Huang et al, disinfectants produced minimal and 
minor changes (ΔE<1). (9)

	 According to the results, it is clear that the 
type of substance and its chemical composition 
has a significant effect on the rate of change of 
ΔE, L, a, and b. Disinfectants can change the par-
ameters (L, a, b) through two mechanisms: abra-
sion of surface properties and residue deposition. 

(1)

	 Tsun et al examined the effect of 2% alkaline 
glutaraldehyde on porcelain samples and showed 
that this material could be used for a long time 
without significant discoloration of the samples. 
(4) However, in the present study, after 24 hours of 
immersion in glutaraldehyde solution, ΔE more 
than one was reported. The reason for this dis-
crepancy can be attributed to the metal handle of 
the color sample and the effect of metal corrosion 
and deposition of corrosive materials on porcel-
ain.
	 However, in the study conducted by Tsun et 
al on color changes of porcelain, glutaraldehyde 
was the only substance that could be used for 
long-term immersion (7 days) without significant 
color changes. (4)

	 According to the results of the current study, 
glutaraldehyde can be used to disinfect the Vita 
classical shade guide without worrying about 
significant color changes.
	 According to the results of this study, all 
the studied color samples (A4, B4, C4, and 
D4) showed increased “L” (brightening), 
decreased “a” (greening), and increased “b” 
(yellowing) during the time of immersion in 
glutaraldehyde. Changes of L, a, b in the con-
trol group of the A4, B4, C4, and D4 color 
samples were very insignificant and had a greater 
effect on decreasing component “a” and then on 
increasing component “L”.
	 In general, in both the case and control groups, 
the color changes were towards an increase in 
“L”, decrease in “a”, and increase in “b”, which 
in the case group (glutaraldehyde), these changes 
were more significant compared to the control 
group (distilled water; P<0.05).
	 The solution type (glutaraldehyde and dis-

tilled water) was effective in color change (ΔE) 
of the A4 and C4 color samples but not for the B4 
and D4 samples (Tables 3 to 6).
	 These findings indicate that the behavior of 
color samples can defer with various disinfect-
ants, which can be due to the type of pigment, 
their solubility, and the chemical properties of the 
compounds that produce these pigments.
	 However, despite the difference in the dis-
coloration behavior of the samples, ΔE of all A4, 
B4, C4, and D4 color samples was less than one 
with glutaraldehyde disinfectant, indicating that 
these changes are small and imperceptible and 
cannot be seen with the naked eye.
	 One of the positive points of this research was 
that we removed the metal handle of the shade 
tabs to prevent surface or subsurface adsorption 
of corrosive products on porcelain (11) to check 
only the color change of the porcelain itself with-
out the intervention of an interfering agent. How-
ever, these changes may become more clinically 
evident in the clinical setting and over time; this 
can be due to the abrasion of surface properties 
and deposition of surface residues. (1)

	 In this study, the shade pilot spectrophotom-
eter was used, and only the color of the middle 
one-third area of the facial surface of the tooth 
was examined. This area is the best for choosing 
tooth color. (1)

	 How the manufacturer makes the shade guide 
can also affect its discoloration after disinfection. 
Shade guides may be made of several layers of 
compacted porcelain, or they may be porcelain 
samples whose surface is stained and glazed. 
Samples made of several layers of porcelain, 
such as Vitapan classical shade guide, are more 
resistant to discoloration. (1)

Conclusion:
Based on the results of the present study, it 
can be concluded that:
1. If we follow the instructions provided by the 
manufacturers of shade guides, as well as the 
time and manner of use of disinfectants recom-
mended by their manufacturer, there would be 
no noticeable (clinically visible) changes in ΔE 
(ΔE<1).
2. Color changes following immersion of A4, B4, 
C4, and D4 color samples in glutaraldehyde solu-
tion for 24, 48, and 72 hours show a significant 
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difference at different times, i.e. time change is ef-
fective in changes of ΔE (P<0.05 and P=0.0001). 
Nevertheless, this color change is insignificant, 
meaning it causes small changes in ΔE that are 
not visually obvious to observers (ΔE<1).
3. The process of color change after 72 hours of 
immersion in glutaraldehyde is towards lighten-
ing, greening, and yellowing of color samples.
4. Color change (ΔE) of shade guides should be 
evaluated occasionally (a standard color sample 
should be set aside for comparison with the types 
used in the clinic).
5. The type of disinfectant and its interaction with 
the surface of color samples has a direct effect on 
the color change process.
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