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Abstract
Objective: This randomized, controlled, single-blind, four parallel group clinical study evaluated the potential for tooth colour whitening by self-directed whitening 
agents - two whitening dentifrices and a peroxide barrier-free varnish - in comparison to a 10% carbamide peroxide agent (CP) as positive control for a period up to 
90 days, in young adults.

Materials and methods: The colour of 5 anterior teeth (# 12, 21, 23, 33, 41) was measured in each of 96 Caucasian people aged between 20-30 years, studying or 
working at the Dental School of Athens, Greece. Participants were randomized into four-parallel, controlled, single-blind groups: Group A and B used two different 
whitening dentifrices, accordingly; C a peroxide barrier-free varnish and, D 10% CP in custom-made trays. Colour assessment was performed by the SpectroShade 
device (MHT Optic Research) in L*, a*, b* mode. Colour measurements were conducted before the application of whitening regimens and after 15, 30 and 90 days. 
Kruskal-Wallis, Mann-Whitney U, Friedman and Wilcoxon Signed Ranks tests for bivariate and post-hoc analysis of L*, a*, b* parameters and ΔE were used.

Results: L* values, in all groups, presented statistically significant higher values while a* and b* lower relative to the baseline measurement at 90 days. 10% CP agent 
induced statistically higher ΔE values than all self-dispensed products at all intervals.

Conclusions: Although all agents assessed resulted in colour whitening, 10% CP was the only one of the products that yielded a clinically perceptible tooth whitening 
effect (ΔE*>2.7).
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Introduction
Over the past few years an increasing number of tooth whitening 

products have been developed for vital tooth bleaching. The whitening 
of teeth is known to be viable using two different approaches. A product 
can bleach the tooth by actually changing the natural tooth colour. 
Usually, bleaching products containing peroxide(s) remove deep 
(intrinsic) and surface (extrinsic) stains thus producing a combined 
internal and external whitening effect. In contrast, non-bleaching 
whitening products contain abrasives and agents that induce surface 
stain removal mainly by mechanical or/and chemical procedures [1]. 
Vital bleaching systems currently available may be professionally 
administered (in-office or at-home systems) or self-directed (products 
directly selected by consumers) [2]. Professionally administrated use of 
10% carbamide peroxide (CP) in a custom-made tray, under various 
protocols, is a widely acceptable, safe and well-documented efficient 
at-home tooth whitening method [1,3-8]. On the other hand, the self-
directed systems are low-cost and easily accessible worldwide. These are 
provided as a modern, popular, economic alternative tooth-whitening 
approach [2,9]. Many different products including dentifrices, mouth 
rinses, dental floss, chewing gums, paint-on gels or varnishes and 
strips are on the market. Dentifrices contain abrasives and various 
other active chemical agents such as, hydrogen peroxide (HP), 
calcium peroxide, sodium citrate, sodium pyrophosphate, sodium 
tripolyphosphate, sodium hexametaphosphate and papain [10]. Mouth 
rinses, generally, contain HP in a concentration of 1.0-1.5% and sodium 
hexametaphosphate for the protection against stain accumulation. 
Chewing gums, which contain 4.0-7.5% sodium hexametaphosphate, 

can also be considered as self-directed whitening products [11]. Paint-
on gels or varnishes are barrier-free peroxide whitening products with 
either HP or CP [12]. Finally, whitening adhesive strips which bond to 
the anterior teeth and release HP in low concentrations (5-14%) [13].

Most of the studies concerning the efficacy of whitening dentifrices 
have documented their ability to remove only extrinsic stains from 
tooth surfaces [10,14-16]. Furthermore, studies for barrier-free 
peroxide varnishes target the comparison of various application 
protocols, dispensing systems and comparisons among similar 
products of different composition, as well as with other self-directed 
categories [2,17-21]. However, there is no evidence of the whitening 
effect of the dentifrices and varnishes relative to a well-documented 
whitening agent such as the 10% CP. 

Therefore, the objective of this randomized, controlled, single-
blind, four parallel group clinical study was to evaluate the potential 
for tooth colour whitening derived from self-directed whitening agents 
- two whitening dentifrices and a peroxide barrier-free varnish - in 
comparison to the positive control 10% CP agent for a period up to 90 
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days, in young adults. The research hypothesis was that no differences 
exist between the types of self-directed whitening agents tested and the 
10% CP as well as among the self-directed products.

Materials and methods
The Ethics Committee of Athens Dental School approved this 

randomized, parallel equivalence clinical trial. One hundred and 
twenty three (123) Caucasian people aged between 20-30 years, 
studying or working at the Dental School of Athens, Athens, Greece, 
who expressed interest in tooth whitening were selected for initial 
screening. All of them had undergone a visually assessed procedure 
of their teeth before the start of the trial. Candidates were screened 
by the dental examiner in order to identify those subjects who met 
the inclusion/exclusion criteria. Inclusion criteria per subject were 
[5,19]: availability for the duration of the project, six maxillary and 
mandibular anterior intact teeth, initial minimum baseline shade of 
A3 on more than one of the upper or lower front teeth that were to 
be examined in order to allow for broad inference of study results, no 
current or previous use of bleaching products, good general health (no 
serious medical disease, no medication) and good oral hygiene (no 
inflammation or plaque accumulation). The exclusion criteria were: 
smokers, pregnant or lactating women, previous or current orthodontic 
treatment, prosthetic or conservative restorations, caries or enamel 
defects in the anterior upper and lower teeth, intrinsically stained teeth, 
heavily extrinsic staining due to drinks (tea, coffee, wine etc.), advanced 
periodontal diseases, poor oral hygiene, history of allergy, participation 
in another clinical study. Ninety-six (96) subjects were finally accepted 
for the study. All participants signed a participation and informative 
consent form that outlined all procedures and defined the alternatives 
prior to enrolment into the study. 

Women (n=70) and men (n=26) were divided into four equally 
numbered groups. The allocation process was performed by one 
person, who was not one of the researchers of the current study. 
Numbers were assigned to patients according to the recruitment 
date. Determination of the whitening approach per subject of the 
numbered list was performed by the same person based on the baseline 
tooth colour score to ensure balance below and above shade tab A3 
in the sum of the teeth tested per subject and age since these factors 
are known to impact clinical response [2]. The same person gave the 
whitening products to the participants, which were unknown to the 
two tooth colour examiners. 

Each group received a certain product/procedure (Table 1). 
Group A (Colgate Herbal White, Colgate-Palmolive Co., NY, USA) 
and B (Propoline, Apivita, Greece) were given the relevant whitening 
dentifrice; Group C the peroxide barrier-free varnish (Unident Pen, 
Intermed, Greece) and Group D the 10% CP (Opalescence 10%, 
Ultradent Products Inc., USA) in custom-made trays. All products 

were administered straight from the manufacturers, stored according 
to directions of use and given for application within a month from 
the delivery day. Products A, B and C were relatively and uniformly 
masked with a white plastic patch so that participants and subsequently, 
examiners would be unaware of the content.

All participants per group received written instructions for 
oral hygiene and application procedure. Specifically, participants of 
groups A and B were instructed to use an amount equal to a pea of 
the dentifrice given. The teeth should be brushed following the Bass 
method, for 2 min, twice per day, for 30 days. Participants in group 
C applied the varnish twice per day (morning and afternoon), for 15 
days. Prior to the use of varnish, excess moisture should have been 
removed with tissue, gauze or cotton pad. Lips should not be in contact 
with teeth for at least 30 sec following placement of the material. 15 
minutes after application participants should thoroughly rinse their 
mouth. Participants in group D used custom-made trays, formed out 
of individual alginate impressions of the upper and lower jaw. The trays 
had reservoirs spacers in the buccal surface of 0.5 mm and there was a 
0.5-1 mm extension from the free gingival margin. Participants were 
instructed to use a pea-sized amount of bleaching material for every 
tooth (# 15 to 25 and 35 to 45) both in the upper and the lower jaw 
simultaneously. Trays should remain in place for 120 minutes once per 
day, for 15 days. Participants in C and D groups were instructed to 
use their common dentifrice and also to brush their teeth for 2 min 
prior to the bleaching procedure. Application time for C and D groups 
was conducted according to the directions of use of the material. All 
participants were instructed to use only the products provided during 
the testing period. A new toothbrush was also given for exclusive 
use during the recording period (ΑIM Style Tech, medium, Unilever 
Co., USA). Avoidance of food/drink consumption for 1 hour after 
each procedure was recommended. After the test period their natural 
hygiene habits should be followed without introducing new whitening 
products into the daily routine and they should not use the remaining 
material assigned to them. In order to ensure this, participants in C 
and D groups were asked to return packages at 15- and those of A and 
B groups at 30-days examination stage.

Anterior teeth 12, 21, 23, 33 and 41 of each patient - a total of 
480 teeth-were subjected to colour determination in the middle-
third of their facial surface with a digital spectrophotometer device 
(SpectroShade™, MHT Optic Research AG, Switzerland) operated in 
L*, a*, b* CIELab, by free-hand and according to the manufacturer’s 
directions of clinical use. Colour recording was performed just before 
starting procedures (t0) and after 15 (t1), 30 (t2) and 90 (t3) days. 
Every measurement was taken in the setting of a dental office, by two 
specialists in operative dentistry and calibrated examiners (calibration 
score 92%), three times per examiner at each appointment. The two 
examiners were unaware of the whitening group of each patient. All 

Product Manufacturer Form Composition#

A. Colgate Herbal White Colgate-Palmolive Co., 
NY, USA Super market’s Toothpaste Sodium monofluorophosphate,  Sodium bicarbonate, Sodium lauryl sulfate, 

Calcium carbonate, SilicaEucalyptus

B. Propoline Apivita, Greece Pharmaceutical Toothpaste
Mastic, Aloe Vera, Bio-active Propolis, Pro-vitamin B5, 
Allantoin, Lemon oil, Sodium bicarbonate, 
Pentasodium triphosphate, Calcium Glycerophosphate

C. Unident Pen Intermed, Greece Pharmaceutical            
Barrier-free Varnish 3,6% Hydrogen Peroxide

D. Opalescence 10% Ultradent Products Inc., 
USA

Dentist prescribed            Gel 
in Splints

10% Carbamide Peroxide
2,7% Sodium hydroxide 

#Manufacturers’ data sheet on the packages

Table 1. The tooth whitening products used in the study.
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(group B) and Unident Pen (group C) treatments at any time interval. 
ΔΕ values were statistically increased at 30 and 90 days compared to 
15 days in all groups and between 30 to 90 days only between the two 
whitening dentifrices (A, B). 

Discussion
Most of the clinical studies evaluate the efficacy of tooth-whitening 

agents using dental shade guides. This method is a highly subjective one 
[12] and variables such as observer’s experience, eye fatigue, ambient 
light conditions, and the background against which a tooth is compared 
may lead to inconsistencies [22]. To overcome these problems, 
spectrophotometric assessment of tooth shade was recommended 
[14,23,24] and so it was selected as a colour measurement approach in 
the current study.

Furthermore, it was suggested that the determination of ΔΕ* 
[9,25] is of little clinical value unless an acceptability (AT) (the colour 
difference that is clinically acceptable) and a perceptibility (PT) (the 
difference that is perceivable to an observer) threshold are identified 
[26]. So far, there is a consensus that the determination of ΔΕ* is 
appropriate to define AT and PT, however, there is no consensus 
regarding the values that should be used. It was recently reported [25] 
that ΔΕ* value of 1 is visually detectable 50% of the time (PT) with the 
majority of studies referring to Kuehni and Marcus [27], Seghi et al. 
[28] and Ruyter et al. [29]. As for the acceptability threshold its value 
ranges between 2.0 and 4.0 where as much as one third of the literature 
refers to its value as being 3.7 based on suggestions made by Johnston 
and Kao, in 1989 [30]. However, according to the results obtained from 
a recent clinical study investigating natural tooth colour, 2.7 units can 
be determined as the PT threshold [31].

In this randomized, single–blind positive-controlled clinical trial 
the research hypothesis that two types of self-directed products have 
the same potential for tooth whitening as 10% CP up to 90 days post-
treatment time, was rejected since all self-directed products generated 
a milder tooth whitening result compared to 10% CP. In addition, 
differences among the self-directed products were assessed. More 
specifically, dentifrice Colgate Herbal White (Colgate-Palmolive Co., 
NY USA), 90 days after starting the procedure, manifested a stronger 
whitening effect than the other dentifrice (Propoline, Apivita, Greece) 
and the peroxide barrier-free varnish (Unident Pen, Intermed, Greece), 
whereas Propoline and Unident Pen exhibited a similar performance.

10% CP was the only product of the present study contributing 
to perceptible outcomes (ΔΕ*>2.7). The colour change obtained by 
10% CP is documented in clinical studies although diversities can be 

measurements were during the early afternoon (12.00-15.00), under 
the same light conditions representing a laboratory situation (daylight 
lamp at 5500o K). For the tooth colour changes the most extensively 
used formula is derived from the CIE L*,a*,b* system, where ΔL*, 
Δa* and Δb* are the differences in lightness-darkness, green-red and 
blue-yellow coordinates respectively. Colour changes per tooth tested 
in each individual were calculated as ΔE*=[(ΔL*)2+(Δα*)2+(Δb*)2]1/2 
(9) relative to the baseline measurement at t1, t2 and t3 time points to 
determine the colour change effect of the agents assessed.

The values of all variables of the study were not normally 
distributed. Consequently, the Kruskal-Wallis test was used to 
investigate the impact of each whitening treatment on L*, a*, b* and 
ΔΕ values versus time assessment. Additionally, post-hoc analysis with 
the use of Mann-Whitney U test was applied for the evaluation of the 
differences in mean values of the above parameters in the different 
groups of the study. The Friedman test was also used for comparison 
between the repeated ΔΕ measures. In addition, post-hoc analysis with 
the use of Wilcoxon Signed Ranks test was performed for assessing the 
mean differences between time points. All reported probability values 
(p-values) were compared to a significant level of 5%. The analyses of 
coded data were carried out using IBM SPSS software version 21.0.

Results 
Τhe overall drop-out of the participants was 0 at t1, 3.1% at t2 

(n=3) and 46.8% at t3 (n=45) recalls. At t2, drop-out percentages 
were distributed as 0%, 8.3% (n=2), 4.1% (n=1) and 0% for A, B, C, 
D groups, accordingly. The corresponding drop-out values at t3 were 
45.8% (n=11), 50.0% (n=12), 50.0% (n=12) and 41.7% (n=10) for A, B, 
C, D groups, respectively. Further, the sample size was considered as 
adequate because achieved or post hoc statistical power was computed 
at least 0.83 for all colour parameters (minimum effect size was found 
0.77, using Cohen’s d as measure of effect size, at 5% alpha level).

Mean values and statistical differences per group for the L*, a*, b* 
colour parameters at all time-intervals are shown in Table 2. L* values, 
in all groups, at the 90-days recall were significantly higher while a* and 
b* were lower relative to the baseline (t0) measurements. 

Mean values for ΔΕ parameter for the whitening groups at all 
time-intervals are presented in Table 3. The 10% CP agent (group D) 
induced statistically higher ΔΕ values than the self-directed products 
during all follow-up times. Colgate Herbal White (group A) caused 
statistically higher ΔΕ values than Propoline (group B) and Unident 
Pen (group C) at 30 and 90-days recalls. No statistically significant 
differences in terms of ΔΕ values were detected between Propoline 

L* a* b*

Whitening methods t0 t1 t2 t3 t0 t1 t2 t3 t0 t1 t2 t3

Group A 57.651 62.412 62.613 62.234 4.431 4.361 4.282 4.273 10.031 9.861 9.672 9.483

(±2.19) (±4.58) (±4.70) (±4.67) (±1.05) (±0.95) (±0.94) (±0.94) (±2.60) (±2.53) (±2.39) (±2.36)
Group B 56.331 56.592 56.913 56.802 4.571 4.472 4.423 4.354 10.421 10.152 10.142,3 10.072,4

(±4.93) (±4.91) (±4.76) (±4.53) (±0.94) (±0.92) (±0.84) (±0.83) (±2.43) ±2.38 (±2.24) (±2.26)
Group C 56.281 56.822 57.283 57.093 4.791 4.582 4.583 4.514 10.681 10.252 10.213 10.104

(±3.57) (±3.59) (±2.89) (±3.40) (±1.03) (±1.02) (±1.00) (±1.00) (±2.39) ±2.39 (±2.24) (±2.21)
Group D 55.871 58.062 58.453 57.932 4.831 4.062 4.082 4.003 10.661 8.712 8.802,3 8.582,4

(±4.07) (±2.28) (±2.19) (±2.00) (±1.08) (±0.81) (±0.77) (±0.73) (±2.27) (±2.08) (±1.94) (±1.85)

Different numbers within the rows for each parameter (L*, a*, b*) indicate statistically significant differences between time points for each group, Friedman test and post-hoc Wilcoxon 
Signed Ranks test, p<0.05.

Table 2. Mean values (first line) and ±standard deviations (second line) of the L*, a*, b* parameters for the whitening methods tested (Groups A and B: whitening dentifrices, Group C: 
varnish, Group D: 10% Carbamide Peroxide) at all time intervals (t0: baseline, t1: 15 days, t2: 30 days, t1: 90 days).*
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verified among studies concerning the ΔΕ* values recorded [5,32-35]. 

After application of 10% CP, 2 hours/day for 3 weeks, on teeth shaded 
as C1 or darker, ΔΕ* values of 4.1, 3.8 and 4.3 were measured at one 
week, six months and one year assessments, accordingly [5,32,33]. 
Even higher whitening effects were provided by Opalescence 10% that 
was applied to teeth darker than A2 for 14 days, at least for 4 hours 
daily [34]. In the present study, the mean ΔΕ* value reached 3.73 at 
90-day recall. Although several approaches in procedures followed can 
cause differences in ΔΕ* values, it is notable that, in most of the clinical 
studies, CP generates ΔΕ* values above the threshold of 2.7. [22,25,35]. 
In addition, the findings of the current study support the maintenance 
and improvement of the 10% CP bleaching effect within the 90-day 
post-treatment time. Meireles et al. [5] reported a maintenance period 
of six months, suggesting that part of the bleaching process with 
peroxides continues after the end of the active bleaching phase. The 
latter may imply that the oxidation-reduction reaction takes place even 
after cessation of the application of bleaching products [33].

Concerning the efficacy of self-directed products, controversial 
results have been reported so far. Visually observable colour change 
was not achieved after application of a dentifrice 1% HP and a paint-on 
gel 18% CP for 14 days [20]. These findings are, however, opposed to 
data stated by Neiderman et al. [36]. Whiteness of up to two shade guide 
units, even with placebo products, has been documented in almost 
20% of the subjects. Furthermore, a ΔΕ* value of 4.1 was achieved after 
self-directed use of products for 15 days [37]. The variety of products 
assigned, along with the different application procedures followed and 
the colour measurement methods used, do not allow accurate and 
reliable comparison among these relevant studies. 

It has been documented that the whitening dentifrices remove 
and/or prevent extrinsic tooth stains more effectively than the non-
whitening analogues possibly due to the incorporated abrasive 
components [10]. Both dentifrices evaluated in the present study 
are formulated only by abrasives. Therefore, it is expected that they 
succeed in the removal of extrinsic stains rather than intrinsic colour 
alterations of the natural tooth shade. In this respect, both dentifrices 
exhibited a whitening effect which was, however, below the perception 
of the human eye threshold (ΔΕ*<2.7). Furthermore, it is known that 
ccontributing factors for the whitening potential of the dentifrices are 
the type, particle size, shape, combination and concentration of the 
abrasives [9-11]. Since considerable differences in the composition of 
abrasives exist between the two dentifrices used in the study (Table 
1), their significant different whitening performance is reported as 
reasonable.

The chemical agent 3.6% HP as a component of the peroxide 

varnish (Unident Pen) induced less whitening effect than the 10% CP 
(Opalescence 10%) and was also not perceptible (ΔΕ*<2.7). This may 
be attributed to its barrier-free application form which may increase 
the possibility of premature peroxide removal by lip or tongue and 
consequently lead to reduction of the contact time with the enamel 
surface [40]. Furthermore, less application time per day of the varnish 
relative to the 10% CP may contribute to the milder whitening results 
achieved.  Concerning varnishes and gels, it has been generally 
suggested that factors such as frequency, time and mode of application 
may contribute to their whitening ability [20]. It is notable though 
that the peroxide varnish did not manifest a stronger whitening effect 
compared to the two dentifrices, which are peroxide-free. This can 
possibly be attributed to the less time that the varnish actually stays 
on the tooth surfaces than what is suggested by the manufacturer. A 
matter for further research should be the possibility that abrasives may 
be more efficient than peroxides when incorporated into the synthesis 
of whitening materials that generally perform below the perceivable 
ΔΕ* threshold.

ΔΕ* values observed at all time points for all self-directed products 
of the current study indicate a continuous whitening effect. It remains 
as a cause of concern as to whether the tooth whitening progress 
was continued up to the last follow-up visit although the whitening 
processes were completed within the first 15 or 30 days. The adherence 
of the participants returned to the recall oral examination to better oral 
hygiene habits may account for this fact [41]. The relevant literature 
further stresses the better oral hygiene habits achieved after whitening 
procedures [2].

Generally, the use of whitening intensives leads to measurable 
differences in all three colour parameters, specifically increased 
lightness (+ΔL*), decreased redness (-Δa*) and decreased yellowness 
(-Δb*)[2,5,32]. Ιn cases of sufficient improvement (-b and +L) the 
colour change is considered as “whitening” [2,20]. This trend is also 
obvious in the current study for all groups, when the baseline values for 
colour parameters are compared with the corresponding ones recorded 
after 90 days. The latter phenomenon further suggests that no relapse 
phenomenon has taken place, as was the case reported elsewhere [3].

This study specifically targeted a university-aged population 
(20-30 years old) as this age group is supposed to be aware of tooth 
discolouration and interested in aesthetic smile interventions [42,43]. 
Despite this fact the overall drop-out percentage at 90 days is considered 
critical (46,8%). It should be noted that certain precautions should be 
taken in future research in order to guarantee recall appointments. Also 
additional research would be needed to compare other instrumental 
or digital image analysis methods in order to avoid bias provided by 
lighting or limitations of the instrument the assessment of slight colour 
changes. 

Conclusions
•	 10% carbamide peroxide achieved a stronger whitening effect 

than the self-directed dentifrices and the peroxide varnish evaluated.

•	 A statistically significant difference in terms of whitening 
efficacy was detected between the two dentifrices. 

•	 The peroxide varnish resulted in a lower degree of whitening 
in comparison to one of the dentifrices.

•	 10% carbamide peroxide was the only one of the products 
tested that yielded a clinically perceptible tooth whitening effect 
(ΔΕ*>2.7). 

ΔΕ
Whitening methods t1 t2 t3

Group A 1.83 (±2.02)a,1 2.17 (±1.77)a,2 2.39 (±1.99)a,3

Group B 1.36 (±1.74)a,1 1.58 (±1.56)b,2 1.92 (±1.97)b,3

Group C 1.39 (±2.38)a,1 1.69 (±2.32)b,2 1.77 (±2.29)b,2

Group D 3.19 (±2.28)b,1 3.45 (±2.32)c,2 3.73 (±2.17)c,2

*Different letters within the columns indicate statistically significant differences among the 
Groups (A, B, C, D) for each time point/ (t1, t2, t3), Mann-Whitney U test, p<0.05. 
Different numbers within the rows indicate statistically significant differences between time 
points for each group, Friedman test and post-hoc Wilcoxon Signed Ranks test, p<0.05. 

Table 3. Mean values and ±standard deviations of the ΔΕ parameter (calculated relative to 
baseline) for the whitening methods tested (Groups A and B: whitening dentifrices, Group 
C: varnish, Group D: 10% Carbamide Peroxide) at all time intervals (t0: baseline, t1: 15 
days, t2: 30 days, t1: 90 days).*
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