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5.2.4- Colour shade change before bleaching and one week after

bleaching
Mean difference P values
Mean before Mean one week between Baseline ;
Colour bl . (Wilcoxon
; eaching after and one week .
axis . . signed rank
(Baseline) Bleaching after test)
bleaching
L* 62.12 sd 3.42 63.98 sd 3.82 1.95sd 1.25 Om
a* 0.22 sd 0.66 -0.02 sd 0.66 -0.22 sd 0.24 0.002m
b* 6.62 sd 2.24 5.57 sd 2.32 -.80sd 0.84 Om

m Differences statistically significant at p < 0.05

Table 5.4 Baseline and one week after bleaching readings L* a* b* values with standard

deviation (sd) and statistical significance

Mean AE=2.24 sd 1.32

There was a statistically significant difference (p < 0.05) in all three co-

ordinates (L*, a* and b*) before bleaching and one week after bleaching.

However calculating the AE before bleaching and one week after bleaching, a

mean value of 2.24 units is obtained which according to the literature is not

clinically perceptible as a change in colour.
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5.2.5- Colour shade change before bleaching and one month after

bleaching
Mean difference P values
Mean before Mean one month between Baseline ;
Colour bl ; (Wilcoxon
; eaching after and one month .
axis : . signed rank
(Baseline) Bleaching after test)
bleaching
L* 62.12 sd 3.42 63.31sd 4.05 1.19sd 1.91 0.0071 m
a* 0.22 sd 0.66 0.02 sd 0.70 -0.20 sd 0.26 0.0032 m
b* 6.62 sd 2.24 6.00 sd 2.19 -0.47 sd 1.01 0.0854

m Differences statistically significant at p < 0.05

e Statistically significant at p < 0.1

Table 5.5 Baseline and one month after bleaching readings L* a* b* values with standard

deviation (sd) and statistical significance

Mean AE=2.18 sd 1.24

There was a statistically significant difference (p < 0.05) in (L*, a*) co-ordinates,

however (b*) co-ordinate was statistically significantly at (p < 0.1) before

bleaching and one month after bleaching.

Calculating the AE before bleaching and one month after bleaching, a mean

value of 2.18 units is obtained which according to the literature is not clinically

perceptible as a change in colour.
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5.2.6- Colour shade change before scaling and polishing and immediately

after bleaching

Mean difference
between before

. P values
Colour Mear_1 before _ Mean sc_allr_lg and (Wilcoxon
. scaling and immediately after polishing and .
axis . . . . signed rank
polishing Bleaching immediately after test)
bleaching
L* 61.76 sd 3.29 65.11 sd 3.80 3.35sd 1.45 Om
a* 0.21sd 0.61 -0.01 sd 0.72 -0.22 sd 0.33 0.006m
b* 6.88 sd 1.79 5.36sd 2.72 -1.52 sd 1.47 0.0006 =

m Differences statistically significant at p < 0.05

Table 5.6 Before scaling and polishing and immediately after bleaching readings L* a* b*

values with standard deviation (sd) and statistical significance

Mean AE=5.14 sd 2.15

There was a statistically significant difference (p < 0.05) in all three co-

ordinates (L*, a* and b*) before scaling and polishing and immediately after

bleaching.

Calculating the mean AE before scaling and polishing and immediately after

bleaching, a mean value of 5.14 units is obtained which according to the

literature is clinically perceptible as a change in colour
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5.2.7- Colour shade change before scaling and polishing and one month

after bleaching

Mean difference
between before P values
Mean before Mean one month . .
Colour ' scaling and (Wilcoxon
; scaling and after s N
axis e . polishing and one signed rank
polishing Bleaching month after test)
bleaching
L* 61.76 sd 3.29 63.31sd 4.05 1.55sd 2.15 0.0068m
a* 0.21sd 0.61 0.02 sd 0.70 -0.21 sd 0.36 0.0228w
b* 6.88 sd 1.79 6.00 sd 2.19 -0.80sd 1.17 0.0038m

m Differences statistically significant at p < 0.05

Table 5.7 Before scaling and polishing and one month after bleaching readings L* a* b* values

with standard deviation (sd) and statistical significance

Mean AE=3.24 sd 2.27

There was a statistically significant difference (p < 0.05) in all three co-

ordinates (L*, a* and b*) before and after bleaching.

However calculating the AE before scaling and polishing and one month after

bleaching, a mean value of 3.24 units is obtained which according to the

literature is not clinically perceptible as a change in colour.
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5.2.8- Colour shade change after

bleaching and one month after

bleaching
Mean difference P values
C Mean Mean one month between ;
olour . : . . (Wilcoxon
axis |mmed|ate!y after after_ immediately and signed rank
bleaching Bleaching one month after test
bleaching )
L* 65.11 sd 3.80 63.31sd 4.05 -1.80sd 1.48 0.0002m
a* -0.01 sd 0.72 0.02 sd 0.70 0.04 sd 0.30 0.5316¢
b* 5.36 sd 2.72 6.00 sd 2.19 0.81sd 0.92 0.0018 m

m Differences statistically significant at p < 0.05

¢ Statistically not significant p > 0.05

Table 5.8 Immediately and one month after bleaching readings L* a* b* values with standard

deviation (sd) and statistical significance

Mean AE=2.37 sd 1.14

There was a statistically significant difference (p < 0.05) in (L*, b*) co-ordinates,

however (a*) co-ordinate was not statistically significant (p > 0.05) immediately

after bleaching and one month after bleaching.

Calculating the AE before bleaching and one month after bleaching, a mean

value of 2.37 units is obtained which according to the literature is not clinically

perceptible as a change in colour.
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Graph 5.1: The 25 percentile, median and 75 percentile differences in the L* values between
the base-line (before bleaching) and after treatment.
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Graph 5.2: The 25 percentile, median and 75 percentile differences in the a* values between
the base-line (before bleaching) and after treatment.
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Graph 5.3: The 25 percentile, median and 75 percentile differences in the b* values between
the base-line (before bleaching) and after treatment.
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Graph 5.4: The 25 percentile, median and 75 percentile differences in the AE values during one
month of the bleaching process.
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AE Before and AE Before AE Before AE Before bleach
After bleaching bleaching and
Scaling and Immediately | and One week One month after
after bleaching after bleaching bleaching
ld# | Gender and polish

1 M 3.21 3.53 1.03 0.71
2 F 1.50 5.37 4.76 4.09
3 F 2.04 2.87 1.87 0.88
4 F 4.41 1.96 0.31 1.71

5 F 0.15 3.03
6 M 1.15 3.79 2.30
7 M 0.47 1.85 1.57 1.31
8 M 2.39 3.59 2.10 2.26
9 M 1.88 412 243 1.37
10 F 1.45 4.07 1.75 1.66
11 M 0.31 5.72 4.18 4.04
12 M 3.84 4.47 5.33 4.00
13 M 2.44 4.40 3.02 1.51
14 M 1.96 1.62 0.88 2.33
15 F 3.18 4.03 1.74 1.57
16 F 0.50 2.13 2.18 3.49
17 F 0.99 3.60 0.84 1.46
18 F 0.72 3.28 1.62 1.13
19 M 1.62 1.10 1.23 1.67
20 F 1.48 2.67 3.35 3.95
21 F 1.98 4.07 211 3.96
22 M 0.57 3.49 2.54 0.27
MEAN 1.74 3.40 2.24 2.18
SD 1.16 1.17 1.32 1.24

Denote a AE equal or greater than 3.7 which can be clinically perceptible according to

the literature.

Table 5.9: AE values using (before bleaching) as a baseline reading
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AE AE AE AE AE

Befg;te and scaBLIierfgrgn d Before _scaling Bgfore sBclil(i):;

er . and polish and scaling and ;

scaling Eul Immediately polish and | [0 i
and polish bIBefor_e after bleaching One week | Qe
eaching month
Id# | Gender
1 M 3.21 1.79 8.87 4.58 4.78
2 F 1.50 1.22 9.77 6.72 8.08
3 F 2.04 1.43 2.82 1.08 0.68
4 F 4.41 2.10 5.57 3.20 1.57
5 F 0.15 0.39 3.88

6 M 1.15 1.07 3.58 0.72
7 M 0.47 0.69 3.07 1.91 2.40
8 M 2.39 1.54 7.66 4.07 5.70
9 M 1.88 1.37 5.16 2.06 1.08
10 F 1.45 1.20 6.36 2.33 3.29
11 M 0.31 0.55 7.00 3.72 4.01
12 M 3.84 1.96 7.10 6.36 6.72
13 M 2.44 1.56 7.39 4.05 2.97
14 M 1.96 1.40 2.82 1.82 2.63
15 F 3.18 1.78 5.45 1.90 1.92
16 F 0.50 0.71 4.25 3.10 6.53
17 F 0.99 1.00 5.87 1.60 3.03
18 F 0.72 0.85 3.65 0.97 0.76
19 M 1.62 1.27 1.68 1.38 1.82
20 F 1.48 1.21 3.05 2.92 5.92
21 F 1.98 1.41 4.01 0.68 3.35
22 M 0.57 0.75 4.01 2.13 0.19
MEAN 1.74 1.24 5.14 2.83 3.24
SD 1.16 0.46 2.15 1.68 2.27

Denote a AE 2 3.7 which can be clinically perceptible according to the literature.

Table 5.10: AE values using before scaling and polishing value as a baseline
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5.4- Sensitivity

Sensitivity | Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
No 12 17 18 21 21 22 22
sensitivity

Mild 6 4 4 1 1 0 0
Moderate 2 1 0 0 0 0 0
Severe 2 0 0 0 0 0 0
Total 22 22 22 22 22 22 22

Table 5.11: Sensitivity data
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Graph 5.5: Mean values of tooth sensitivity during one week after the bleaching process
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5.5- Patients’ Colour Perception

) Immediately after | One week after | One month after
Colour perception ) ] ]
bleaching bleaching bleaching
No change 1 2 4
Slight change but more
o 17 16 15
bleaching is still needed
Major change 4 4 3
Total 22 22 22
Table 5.12 Patients’ colour perception data
3.00
2.50
2.09
2.14 L ol 0N
2.00 195
g
g 1.50
L]
1.00
0.50
0.00 |
Immediate post Bleaching 1 week 1 month
Time period

Graph 5.6 Mean values of patients’ colour perception after the bleaching process
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Change measured in AE

Change measured in AE

Spearman Correlation

p-value

Number of Valid Pairs

AE Before-
AE1 AE1
After AE After-
week- month -
Scaling Before
Before Before
and Bleach
Bleach Bleach
polishing
AE Before-After
Scaling and polishing (@ 1 0.121 -0.141 0.006
mO0 0.59046 0.55221 0.97771
22 22 20 21
AE After-Before
Bleaching 0.121 1 0.639 0.310
0.59046 0 m0.00242 0.17088
22 22 20 21
AE 1 week-Before
Bleaching -0.141 0.639 1 0.450
0.55221 m0.00242 | O m0.04670
20 20 20 20
AE 1 month -Before
Bleaching 0.006 0.310 0.450 1
0.97771 0.17088 m0.04670 | O
21 21 20 21

Positive Correlation p<0.01

Positive Correlation p<0.05

Table 5.13: Spearman correlation test between AE values
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Patients’ colour perception

Patients' colour perception

After bleaching

One week

One month

Spearman Correlation

p-value

Number of Valid Pairs

After One One
bleaching week month
ol 0.719 0.031
m0 m0.00017 0.89098
®2) 22 22
0.719 1 0.328
m0.00017 | O 0.13609
22 22 22
0.031 0.328 1
0.89098 0.13609 | O

22 22 22

Consistent relation

Table 5.14: Spearman correlation test between patients’ colour perception values
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Change measured in AE

Patients' colour perception

After One One
bleaching week month
AE After-Before
0-0.114 0.152 0.124
Bleaching
m0.61462 | 0.49995 | 0.58360
22 22 22
-0.067 0.068 -0.009
AE After-Before
0.76620 | 0.76377 | 0.96854
Bleaching
22 22 22
AE 1 week-Before
-0.085 -0.160 -0.170
Bleaching
0.72164 | 0.50005 | 0.47433
20 20 20
AE 1 month -Before
-0.298 -0.296 0.412
Bleaching
0.18920 | 0.19211 | m0.06354
21 21 21

o | Spearman Correlation

m | p-value

e | Number of Valid Pairs

Week relation

Table 5.15: Spearman correlation test between AE values and patients’ colour perception

after bleaching vs one week
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Graph 5.7: Relation between after bleaching and one week A E values
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1 2 3
Slight change
but still more Major
No change o
bleaching is change
needed

Immediately
post
Count of Id# Bleaching
1 week 1 2 Grand Total

1 1 1 2

2 0 15 16

3 0 1 4
Grand Total 1 17 22

Table 5.16: Patients’ colour

perception scoring code

Table 5.17: Patients’ colour perception immediately and one week after bleaching based on the

scores in (Table 5.16)

51




Figure 5.1: Before bleaching Figure 5.2: After bleaching

Figure 5.3: One month after bleaching
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CHAPTER SIX

DISCUSSION

6.1- Introduction

The use of the spectrophotometer made it possible to quantify the colour and
the change in the tooth shade after bleaching using a three-dimensional colour
space (Bernardon et al, 2010), represented by the three coordinates L*, a* and
b*, where L* refers to the lightness coordinate (with O being perfect black and
100 being perfect white), a* represents the red—green axis (+a red and -a
green) and b* represents the yellow-blue axis (+b yellow and -b indicates blue)
(Seghi et al, 1986, Uchida et al, 1998).

6.2- Quantitative Bleaching Effect on Tooth Colour Shade

6.2.1 Before scaling and polishing outcome and Baseline determination

18 out of the 22 L* values were larger after scaling and polishing with a mean
value of 62.82 sd 3.58 which means it moved in the white direction, 15 out of
the 22 a* values were less with a mean value of 0.09 sd 0.62 which indicates
the colour movement into the green direction and 19 out of the 22 b* values
were also less with a mean value of 6.10 sd 2.12 which indicate that the colour
shade moved in the blue direction and all the changes were statistically
significant as the p values were < 0.05 (Table 5.1). However after one week
from the scaling and polishing, there was no statistically significant difference
(P > 0.05) between the L*, a*, b* co-ordinates before scaling and polishing and
before bleaching which is regarded as baseline values (Table 5.2). This
indicates that there was no significant change in colour shade after one week of
the scaling and polishing effect implying that the change seen immediately after
the scaling and polishing was only a temporary change and the colour reverted

to its original state.
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Calculating the AE between before scaling and polishing values and those
obtained before bleaching shows that there is no difference in the colour as a
difference in colour can only be clinically perceptible with a AE equal to or
greater than 3.7 (Table 5.10).

6.2.2- L* a* b* Values
6.2.2.1- “L*” Values

When comparing the “L*” values immediately after bleaching to baseline, all 22
patients had an L* value which was larger immediately after bleaching with a
mean value of 65.11 and a sd 3.80. “L*” values obtained one week after
bleaching compared to baseline showed 20 patients out of 20 to have larger L*
values with a mean of 63.98 and a sd 3.82 and the “L*” values obtained one
month after bleaching were larger for 18 patients out of a maximum 21 with a
mean of 63.31 and a sd 4.05. This means that the L* values moved in the white
direction and the changes were statistically significant for all L* values (p <
0.05) (Table 5.3, 5.4, 5.5).

Comparing the “L*” values immediately after bleaching to before scaling and
polishing, all 22 patients had an L* value which was larger immediately after
bleaching. This means that the L* values moved in the white direction and the
changes were statistically significant (p < 0.05) (Table 5.6). However, when
comparing the “L*” values one month after bleaching to before scaling and
polishing, 16 out of a maximum 21 patients have larger L* values. This means
that the L* values moved in the white direction and the changes were
statistically significant (p < 0.05) (Table 5.7).

Comparing the “L*” values one month after bleaching to immediately after
bleaching, 18 out of a maximum 21 patients had an L* value which was less in
value one month after bleaching. This means that the L* values moved in the
black direction and the changes were statistically significant (p < 0.05) (Table
5.8), implying colour rebound between immediately after bleaching and one

month after bleaching.
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6.2.2.2- “a*” Values

When comparing the “a*” values immediately after bleaching to baseline, 17
patients out of a maximum 22 were less in value with a mean value of -0.01
and a sd 0.72. “a*” values obtained one week after bleaching compared to
baseline showed 15 patients out of a maximum 20 were less in value with a
mean value of -0.02 and a sd 0.66 and the “a*” values obtained one month
after bleaching were also less in value for 18 patients out of a maximum 21 with
a mean value of 0.02 and a sd 0.7 when compared to baseline values which
indicates that the movement of the “a*” value is into the green direction and the

changes were statistically significant (p < 0.05) (Table 5.3, 5.4, 5.5).

*9

comparing the “a*” values immediately after bleaching to before scaling and

polishing, 17 out of a maximum 22 patients had an a* value which was less in

*9

value which indicates that the movement of the “a*” value is into the green
direction and the changes were statistically significant (p < 0.05) (Table 5.6).
However, when comparing the “a*” values one month after bleaching to before
scaling and polishing, 15 out of a maximum 21 patients had an a* value which

*9

was less which indicates that the movement of the “a*” value was also into the
green direction and the changes were statistically significant (p < 0.05) (Table

5.7).

*7

Comparing the “a*” values one month after bleaching to immediately after
bleaching, only 9 out of 21 patients had an a* value which was less one month
after bleaching. This means that the majority of a* values moved in the red
direction and the changes were not statistically significant (p > 0.05) (Table

5.8).

6.2.2.3- “b*” Values

When comparing the “b*” values immediately after bleaching to baseline, 20
patients out of a maximum 22 b* values were less with a mean value of 5.36
and a sd 2.72. “b*” values obtained one week after bleaching compared to
baseline showed 20 patients out of a maximum 20 were less with a mean value

of 5.57 and a sd 2.32 and the “b*” values obtained one month after bleaching
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were also less for 12 patients out of a maximum 21 with a mean value of 6.0
and a sd 2.19 when compared to baseline values which indicates that the
movement of the “b*” value is into the blue direction and the changes were
statistically significant (p < 0.05) (Table 5.3, 5.4) except for the mean value of
b* one month after bleaching which was not significant (p > 0.05) (Table 5.5).

Comparing the “b*” values immediately after bleaching to before scaling and
polishing, 18 out of a maximum 22 patients had a b* value which was less. That
indicates the movement of the “b*” value is into the blue direction and the
changes were statistically significant (p < 0.05) (Table 5.6). However, when

*0

comparing the “b*” values one month after bleaching to before scaling and
polishing, 16 out of a maximum 21 patients had a b* value which was less. This
indicates the movement of the “b* value into the blue direction and the

changes were statistically significant (p < 0.05) (Table 5.7).

Comparing the “b*” values one month after bleaching to immediately after
bleaching, 19 out of a maximum 21 patients had a b* value which was larger
one month after bleaching This means that the majority of b* values moved in
the yellow direction and the changes were statistically significant (p < 0.05)
(Table 5.8). Implying a colour rebound between immediately after bleaching

and one month after bleaching.

6.2.2.4- Median difference in “L*” Values

The difference in median L* values between immediately after bleaching and
baseline values increased to 3.12 units, but after one week this change
decreased to become 1.66 units and after one month it reached 1.24 units
which suggests a regression in colour after bleaching and is represented by the
area between the 75" percentile and 25" percentile which represents 50% of
the values (Graph 5.1).
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6.2.2.5- Median difference in “a*” Values

The difference in median a* values between immediately after bleaching and
baseline values decreased to “-0.26” units, however after one week this change
increased to become “-0.22” units and after one month it reached “-0.21” units.
Although there is this slight increase in a* values, the difference in a* values
after one month of the bleaching process is considered relatively stable and

reflected as a flat graph (Graph 5.2).

6.2.2.6- Median difference in “b*” Values

The difference in median b* values between immediately after bleaching and
baseline values decreased to “-1.41” units but after one week this change
increased to become “-0.46” units and after one month it reached “-0.38” which

suggests that there is a regression in colour after bleaching (Graph 5.3).
6.2.3- Bleaching efficacy

The bleaching efficacy of (Yotuel® Special, Biocosmetics Laboratories, Spain)
has not been investigated by independent scientific research. The quantitative
effect of the bleaching material on tooth colour showed an increase in L* values
and a decrease in a* and b* values, when comparing the results to other in-
office bleaching materials that contain high concentrations of hydrogen
peroxide gel, similar findings are noted (Zekonis et al, 2003, Gurgan et al,
2009).

In this study the difference in the L* value was more than that in the b* value
(Graph 5.1, 5.3), However Ishikawa-Nagal et al 2004 and Goodson et al 2005
stated that the b* value is more important in determining the bleaching effect.

6.2.4- AE values

Colour change represented by AE was calculated using the following formula:
AE = [(AL*) 2 + (Aa*) 2 + (Ab*) ?]’2 (Commission Internationale de
L’Eclairage1978).

Where AL*, Aa* and Ab* represent the differences between the coordinates for

the variables L*, a* and b* at different times during the study.
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Researchers have attempted to use AE values in dentistry to find an accurate
perceptibility and acceptability threshold in which the perceptibility threshold
refers to the minimal colour difference that can be visually detected between
two samples and the acceptability threshold refers to unacceptable colour
differences between two samples that can affect aesthetics (Douglas et al,
2007, Ishikawa-Nagai et al, 2009), where the sample can be the natural tooth
colour (Yuan et al, 2007), the bleaching effect on natural teeth, composite
restorations (Jarad et al, 2008) and dental porcelain (Wee et al, 2002). There is
no exact clinically perceptible threshold; however AE values for perceptibility
can range from 0.4 units (Douglas and Brewer, 1998) to 3.7 units (Yuan et al,
2007), while for acceptability thresholds the magnitude ranges from 1.7 units
(Douglas and Brewer, 1998) to 6.8 units (Johnston and Kao, 1989).

The acceptability thresholds are higher in magnitude than the perceptibility
thresholds (Douglas et al, 2007)

Tooth colour change can be detected when AE values are less than 1 unit but
this change is considered difficult to detect by most of the observers, only 50%
of the observers could detect the colour difference (Kuehni and Marcus, 1979).
When AE values are less than 2 units, tooth colour change is a noticeable
change; however not all the observers can detect this change. Values greater
than 2 units can be detected by all observers as a colour difference (Seghi et
al, 1989, O’Brien et al, 1990).

A AE value equal to or greater than 3.7 units is considered as clinically visible

colour change (Johnston and Kao, 1989).

In 2007, Douglas et al reported a 2.6 AE unit difference as a colour
perceptibility threshold for 50% of observers. However the spectrophotometer
that was used in this study was not designed for intraoral use (Ishikawa-Nagai
et al, 2009).

In 2009, Ishikawa-Nagai et al concluded that at a value of 1.6 AE units all-
ceramic crowns cannot be distinguished from natural teeth while colour

differences between contralateral natural teeth was possible at 0.9 AE units.
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For the mean values of colour change a AE between baseline and after
bleaching was found to be 3.4 units which did not exceed the visible clinical
colour change of 3.7 units, however nine patients out of a maximum 22
exceeded the visible clinical colour change immediately after bleaching (Table
5.9).

When comparing the mean colour change expressed as AE between before
scaling and polishing and after bleaching, it is noticeable that it was 5.14 units
which is more than the clinical visible colour change value of 3.7 units. 15
patients out of a maximum 22 exceeded the visible clinical colour change
(Table 5.10).

In 2009, Gurgan et al examined four different in-office bleaching materials with
different light sources One of the groups was (Opalescence Xtra Boost,
Ultradent) which is chemically activated that contains 38% hydrogen peroxide,
after two applications where each application lasted 15 minutes and found that
the mean AE after bleaching for this group which consisted of ten patients was

5.54 units change.

In this study the median AE value was 3.56 units immediately after bleaching,
1.98 units after one week of the bleaching procedure and 1.67 units after one
month of the bleaching procedure (Graph 5.4). This indicates that there was a
rapid rebound after the bleaching procedure. Similar findings were reported in
2007 by Matis et al when they evaluated eight in-office bleaching systems and
concluded that the AE value was reduced by 51% which indicated a rapid
colour rebound after one week and a 65% reduction after six weeks of the
bleaching procedure. In 2003, Al Shethri et al reported that colour regression
started after finishing the bleaching procedure until the fifth week after the

bleaching procedure.

6.3- Gender Difference

The Conformation approach in sorting AE values during the bleaching process
was used to determine the gender difference. Data were sorted according to

AE values before and after scaling and polishing (Appendix VIII), AE values

59



before and after bleaching (Appendix IX), AE values before bleaching and one
week after bleaching (Appendix X) and AE values before bleaching and one
month after bleaching (Appendix Xl). This sorting resulted in a good mixture
and fair distribution of the data as regards the AE values, implying that none of
the values were consistently larger for the one gender compared to the other.

6.4- Tooth Sensitivity

Tooth sensitivity is considered a side effect of bleaching and in this study
sensitivity was reported until the fifth day after bleaching. The mean value of
the patients’ tooth sensitivity was found to be 1.73 in the first day on a 4 point
visual analog scale where 1 represented no sensitivity, 2 mild sensitivity, 3

moderate sensitivity and 4 represented severe sensitivity (Graph 5.5).

Ten out of the twenty two patients (45.5%) experienced tooth sensitivity on the
first day after bleaching. On the second day after bleaching only five patients
(22.7%) reported some sensitivity and only four patients (18.2%) experienced
sensitivity on the third day. Only one patient (4.5%) experienced mild sensitivity
on the fourth and the fifth day after bleaching.

Six out of the ten patients experienced mild sensitivity on the first day after
bleaching, two patients had moderate sensitivity and another two patients had

severe sensitivity.

In 2005, Auschill et al reported slight tooth sensitivity with a mean value of 2.85
when evaluated on a visual analog scale from 0 — 10 where 0 represented no
discomfort and 10 represented severe discomfort, Gurgan et al, 2009 also
reported tooth sensitivity with a mean value of 3.37 on the same scale. Similar
findings were reported by Marson et al (2008), when they stated that 92% of
the patients that suffered from sensitivity in their study reported that only mild
and moderate sensitivity was experienced that lasted for only 24 hours despite

the use of a light source in three groups out of the four.

In 2010, Bernardon et al examined the in-office vital bleaching in a split design

study compared to home bleaching and found that tooth sensitivity could be
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related to the higher hydrogen peroxide concentration in the in-office vital
bleaching system.

Charakorn et al, 2009 compared the effect of using analgesics (Ibuprofen 600
mg) in a single dose 30 minutes before the in- office bleaching treatment to a
placebo group and found that the use of the analgesics prior to the bleaching
treatment significantly lowered the sensitivity scores immediately after
bleaching but not after one hour or twenty four hours after the bleaching

treatment.

6.5- Patients’ colour perception

The mean value of the patients’ colour perception was found to be 2.14
immediately after bleaching on a 3 point visual analog scale (Graph 5.6), where
1 represented no change, 2 a slight change but more bleaching was still
needed and 3 represented a major change.

Immediately after bleaching; 77.3% of the patients felt a slight change but they
still thought that more bleaching was needed, 18.2% of the patients were
satisfied and they noticed a major change in their teeth due to the bleaching
effect. However 4.5% reported no change in their tooth colour due to the
bleaching process.

After one week of the bleaching process 72.7% of the patients felt a slight
change but they still thought that more bleaching was needed, 18.2% of the
patients were satisfied and reported a major change in the colour of their teeth
due to the bleaching effect. However 9.1% reported no change in the colour of
their teeth.

After one month of the in-office vital bleaching 68.2% of the patients felt a slight
change but they still thought that more bleaching was needed, 13.6% of the
patients were satisfied and they reported a major change in the colour of their
teeth due to the bleaching effect. However 18.2% of the patients reported no
change in the colour of their teeth.

A Spearman correlation test was conducted to correlate the values of colour

change AE (Table 5.13), the patients’ own colour perception (Table 5.14) and
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between AE colour change values and the patients’ colour perception (Table
5.15).

The test showed a positive relationship between AE values immediately and
one week after bleaching. Values were more after bleaching than that after one
week and most of the values lie below the quality line (Graph 5.7). Moreover,
there was a weak relation one week and one month after bleaching (Table
5.13).

There was significant consistency in the patients’ colour perception data
immediately and one week after the bleaching (Table 5.14). There were 15
patients that reported a slight change but more bleaching was still needed
(score 2) (Table 5.16) immediately after bleaching; however the same patients

reported the same colour perception one week after bleaching (Table 5.17).

When AE values are compared to the patients’ colour perception data, a weak
relationship between AE values and the patients’ colour perception one month

after the bleaching is evident (Table 5.15).

In 2005, Auschill et al reported patients’ acceptance with a mean value of 3.31
when evaluated by a visual analog scale from 0 — 10 where O represented best

acceptance and 10 represented no acceptance.

In 2003, Al Shethri et al suggested a second in-office treatment for a more
whitening effect, while a single treatment did not give the required bleaching
effect. Similar findings were reported by Marson et al (2008) when they
conducted two sessions of in-office vital bleaching in a one-week period and
used a four point analog scale (None- Slight- Moderate- A lot) and found that
92.5% of patients reported “moderate” and “a lot” one week after the bleaching
procedure using a 35% hydrogen peroxide concentration and 94% of the

patients recommended in-office vital bleaching to others
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CHAPTER SEVEN

LIMITATIONS OF THE STUDY

This clinical study attempted to control most of the variables that could interfere

with the study results, however there were certain limitations which include:

The small sample size.

The sample was not randomly selected, patients asked for their teeth to
be bleached.

The follow up period was four weeks after bleaching which was relatively

short.
The negative behavior by the patients in the pool which could affect the

colour stability after the bleaching procedure such as smoking, tannin

rich food (red wine) could not be monitored.
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CHAPTER EIGHT

CONCLUSIONS AND RECOMMENDATIONS

8.1- Conclusions

This clinical study evaluated Yotuel® Special, Biocosmetics Laboratories,
(Spain) an in-office bleaching material containing 35% hydrogen peroxide. This
material was able to bleach patients’ teeth with perceptive colour change
noticeable by the patients. However the chalky white teeth were not obtained

for all the patients in the study.

The first null hypothesis was rejected because the results showed statistically
significant differences in the L*, a* b* values before and after bleaching.
The change in colour shade was significant for the whole study period, however

colour regression was evident quantitatively from the first week.

The second null hypothesis was also rejected since tooth sensitivity although in
only a limited number of patients and of a temporary nature was present as a

side effect and could be traced until the fifth day after bleaching.

8.2- Recommendation

A second in-office treatment after one week might give the patients the chalky
whitening effect they desire. However it will be important to monitor the

rebound effect after repeated bleaching procedures.
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APPENDIX-II

S=ESREE=SY

TEETH WHITENING CONSENT FORM

Oral & Dental Research Institute
Faculty of Dentistry & WHO Oral Health Collaborating Centre

University of the Western Cape

Teeth whitening techniques are designed to lighten stained, darkened or discoloured teeth.

Scientific literature has shown that the materials used in the whitening process are safe and
effective. However, there are some presently known side effects. Tooth sensitivity is the most
common side effect. Soft tissue (gums, lips, cheek, and tongue) irritation can also occur. If you
experience these or another adverse effect, call Dr Salem for instructions.

I understand that the amount of whitening achieved and the duration of its effect will vary.
Significant whitening can be achieved in most cases but there is no absolute way to predict
how light your teeth will become. Teeth with multiple colourations, spots, bands due to
tetracycline staining or fluorosis do not whiten as well and may appear more spotted after

treatment. However, these effects are generally shorter in duration.

| also understand that whitening treatments are not intended to lighten artificial teeth, crowns,

veneers or porcelain, composite or other restorative materials.

All personal information | disclose to Dr Salem will be considered strictly confidential. Only

information relevant to the results of the study will be published.

My participation in the project is voluntary and | have been informed that | can withdraw from
the study at any moment, without any explanation. My withdrawal from this project will have no

negative impact on any current or future treatment at this or any other institution.

I have read and understand the above description of possible consequences of whitening
techniques. | read and understand English. | have asked Dr Salem any questions | have
concerning this procedure and the consent form and they have been answered to my

satisfaction.

Consent is also hereby given for photographs to be taken. | understand that they may be used

for documentation, illustration or for educational purposes.

Date: Participant’'s Name:

Signature of Participant:

Witness: Dr Y Salem:
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APPENDIX-III

Tooth sensitivity form:

Sensitivity

No sensitivity Mild | Moderate | Severe

Day

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Please put (x) mark next to what you experience after bleaching

Mild sensitivity: slight no interference with function, well-tolerated.
Moderate sensitivity: some interference with function, necessity of avoiding
certain foods.

Severe sensitivity: major interference with function, cannot be tolerated.
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APPENDIX-IV

Patients’ perception to colour change

No change | Slight change but major

still more bleaching | colour

is needed change

Immediately after

bleaching

One week

One month
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APPENDIX-V

L*, a*, b* average data before and after scaling and polishing

Id# Gender

1 M 60.68 0.13 4.23 61.47 -0.39 1.16
2 F 65.63 0.01 4.92 66.68 -0.24 3.88
3 F 61.39 0.52 5.92 63.34 0.68 5.33
4 F 60.37 -0.11 8.04 64.36 -0.23 6.15
5 F 62.37 -0.11 8.59 62.44 0.00 8.49
6 M 64.61 0.60 8.51 64.84 0.09 7.50
7 M 58.78 -0.24 7.33 58.77 -0.40 6.89
8 M 58.54 0.41 6.95 60.89 0.61 6.61
9 M 64.45 -0.52 7.57 65.82 -0.59 6.29
10 F 65.13 -0.02 6.47 65.69 -0.43 5.20
11 M 63.54 -0.20 6.04 63.47 -0.17 5.75
12 M 59.59 0.15 7.24 63.17 0.19 5.83
13 M 63.75 -0.08 6.30 64.50 -0.32 3.99
14 M 65.74 0.26 7.77 66.81 -0.03 6.15
15 F 67.69 -0.79 3.02 70.75 -0.85 2.19
16 F 58.07 0.22 8.08 58.54 0.21 8.24
17 F 60.46 1.22 8.91 61.42 1.08 8.69
18 F 65.00 -0.43 5.81 65.67 -0.40 5.54
19 M 57.43 0.86 6.80 56.02 0.89 7.60
20 F 58.96 0.73 6.76 59.94 0.60 7.85
21 F 54.91 1.95 11.36 56.47 1.72 10.15
22 M 61.59 0.04 4.85 61.05 -0.05 4.72
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APPENDIX-VI

L*, a*, b* average data before bleaching and immediately after bleaching

Id# Gender

1 M 63.08 -0.35 1.64 66.22 -0.70 0.07
2 F 67.00 -0.28 3.14 72.11 -0.68 1.56
3 F 60.68 1.09 6.20 63.30 0.64 5.11
4 F 63.24 0.06 7.34 63.90 -0.41 5.55
5 F 62.16 0.18 9.64 65.11 0.17 8.91
6 M 63.81 0.70 8.49 65.97 -0.18 5.50
7 M 59.10 -0.34 7.26 60.93 -0.29 7.00
8 M 60.54 0.70 6.86 63.86 0.46 5.49
9 M 63.92 -0.34 6.90 67.78 -0.52 5.48
10 F 65.87 -0.19 6.35 69.34 -0.39 4.24
11 M 63.02 -0.06 6.09 68.19 -0.34 3.66
12 M 60.24 0.37 6.37 64.13 0.03 4.18
13 M 64.22 -0.26 4.32 68.34 -0.31 2.78
14 M 65.90 -0.16 6.82 67.15 -0.08 5.78
15 F 68.44 -0.73 4.35 71.42 -0.87 1.64
16 F 58.99 0.27 7.88 61.06 -0.24 7.85
17 F 61.18 0.85 8.71 64.43 0.57 7.20
18 F 64.36 -0.36 5.94 67.53 -0.63 5.12
19 M 57.56 0.77 6.77 58.60 0.79 7.13
20 F 58.53 0.69 6.62 61.05 0.52 7.49
21 F 53.56 2.17 12.58 57.62 2.42 12.54
22 M 61.22 0.09 5.30 64.31 -0.19 3.70
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APPENDIX-VII

L*, a*, b* average data one week and one month after bleaching

Id# Gender

1 M 63.76 -0.69 0.95 63.56 -0.71 1.25
2 F 71.57 -0.74 1.86 71.08 -0.49 3.35
3 F 62.40 0.70 5.57 61.25 0.91 5.55
4 F 63.41 0.09 7.08 61.58 0.14 7.77
5 F

6 M 64.24 0.02 6.34
7 M 60.66 -0.39 7.06 60.40 -0.39 7.43
8 M 62.57 0.46 6.38 62.51 0.29 5.81
9 M 66.31 -0.69 6.71 65.27 -0.38 7.03
10 F 66.77 -0.49 4.88 67.12 -0.58 5.32
11 M 66.50 -0.38 3.80 66.33 -0.29 3.77
12 M 64.45 -0.32 3.16 64.19 -0.14 5.94
13 M 67.24 -0.40 4.27 65.64 -0.44 4.81
14 M 66.45 -0.06 6.13 67.15 -0.44 4.87
15 F 69.59 -0.78 3.04 69.07 -0.75 2.91
16 F 61.08 -0.30 7.60 62.45 -0.21 8.06
17 F 61.93 0.94 8.35 62.42 0.89 7.95
18 F 65.97 -0.41 5.71 65.48 -0.53 5.90
19 M 58.77 0.56 6.68 55.97 0.38 7.06
20 F 61.87 0.71 6.57 55.06 1.26 8.41
21 F 54.62 1.61 10.85 57.26 1.91 11.20
22 M 63.72 0.15 4.85 61.47 0.06 5.40
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APPENDIX-VIII

Conformation approach, data were sorted according to AE (before scaling and

polishing and after scaling and polishing)

AE AE AE AE
Before
Before Before
Before -After bleaching-
bleaching - bleaching-One
Id# Gender Scaling and one week
After month after
polishing after
Bleaching bleaching
Bleaching
5 F 0.15 3.03
11 M 0.31 5.72 4.18 4.04
7 M 0.47 1.85 1.57 1.31
16 F 0.50 2.13 2.18 3.49
22 M 0.57 3.49 2.54 0.27
18 F 0.72 3.28 1.62 1.13
17 F 0.99 3.60 0.84 1.46
6 M 1.15 3.79 2.30
Female
10 F 1.45 4.07 1.75 1.66
Male

20 F 1.48 2.67 3.35 3.95
2 F 1.50 5.37 4.76 4.09
19 M 1.62 1.10 1.23 1.67
9 M 1.88 4.12 2.43 1.37
14 M 1.96 1.62 0.88 2.33
21 F 1.98 4.07 2.11 3.96
3 F 2.04 2.87 1.87 0.88
8 M 2.39 3.59 2.10 2.26
13 M 2.44 4.40 3.02 1.51
15 F 3.18 4.03 1.74 1.57
1 M 3.21 3.53 1.03 0.71
12 M 3.84 4.47 5.33 4.00
4 F 4.41 1.96 0.31 1.71
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APPENDIX-IX

Conformation approach, data were sorted according to AE (before bleaching and

immediately after bleaching)

AE AE AE AE
Before
Before Before
Before -After bleaching-
bleaching bleaching-One
Id# Gender Scaling and one week
-After month after
polishing after
Bleaching bleaching
Bleaching
19 M 1.62 1.10 1.23 1.67
14 M 1.96 1.62 0.88 2.33
7 M 0.47 1.85 1.57 1.31
4 F 4.41 1.96 0.31 1.71
16 F 0.50 2.13 2.18 3.49
20 F 1.48 2.67 3.35 3.95
3 F 2.04 2.87 1.87 0.88
5 F 0.15 3.03
18 F 0.72 3.28 1.62 1.13
22 M 0.57 3.49 2.54 0.27
1 M 3.21 3.53 1.03 0.71
8 M 2.39 3.59 2.10 2.26
17 F 0.99 3.60 0.84 1.46
6 M 1.15 3.79 2.30 Female
15 F 3.18 4.03 1.74 1.57 Male
21 F 1.98 4.07 2.11 3.96
10 F 1.45 4.07 1.75 1.66
9 M 1.88 4.12 243 1.37
13 M 2.44 4.40 3.02 1.51
12 M 3.84 4.47 5.33 4.00
2 F 1.50 5.37 4.76 4.09
11 M 0.31 5.72 4.18 4.04

85



APPENDIX-X

Conformation approach, data were sorted according to AE (before bleaching and one

week after bleaching)

‘\\\\\”’,f'

AE AE AE AE
Before
Before Before
Before -After bleaching-
bleaching bleaching-One
Id# Gender Scaling and one week
-After month after
polishing after
Bleaching bleaching
Bleaching

Female
Male
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APPENDIX-XI

Conformation approach, data were sorted according to AE (before bleaching and one

month after bleaching)

\/

AE AE AE AE
Before
Before Before
Before -After bleaching-
bleaching bleaching-One
Id# Gender Scaling and one week
-After month after
polishing after
Bleaching bleaching
Bleaching

Female

Male
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