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Effectiveness of a new non-hydrogen
peroxide bleaching agent after
single use - a double-blind placebocontrolled short-term study

Abstract
Tooth whitening represents perhaps the most common aesthetic procedure
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LQGHQWLVWU\ZRUOGZLGH7KHHI¿FDF\RIEOHDFKLQJGHSHQGVRQWKUHHDVSHFWV
bleaching agent, bleaching method, and tooth color. Objective: This in vivo
study aimed to examine whitening effects on frontal teeth of the upper
and lower jaws using an over-the-counter (OTC) non-hydrogen peroxide
bleaching agent in comparison to a placebo after one single use. Material and
methods: Forty subjects (25 female; 15 male) participated in this double-blind
randomized placebo-controlled trial. The subjects were randomly allocated to
two groups (n=20). The test group received the OTC product (iWhite Instant)
and the placebo group received an identically composed product except for the
DFWLYHDJHQWV(DFKVXEMHFWZDVWUHDWHGZLWKDSUH¿OOHGWUD\FRQWDLQLQJL:KLWH
Instant or the placebo for 20 minutes. The tooth shade of the front teeth (upper
and lower jaws) was assessed before (E_0), immediately after (E_1) and 24 h
after treatment (E_2), using a shade guide (VITA classical). Statistical testing
was accomplished using the Mann-Whitney U test (p<0.001). The dropout
UDWHZDV5HVXOWV7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVDW(BEHWZHHQ
placebo and test groups regarding the tooth color. Differences in tooth color
FKDQJHVLPPHGLDWHO\DIWHU Ʃ(B DQGKDIWHUWUHDWPHQW Ʃ(B ZHUH
calculated for both groups. The mean values (standard deviations) of tooth
FRORUFKDQJHVIRUƩ(BZHUH  LQWKHWHVWJURXSDQG  
LQWKHSODFHERJURXS7KHFRORUFKDQJHVIRUƩ(BVKRZHGPHDQYDOXHVRI
  LQWKHWHVWJURXSDQG  LQWKHSODFHERJURXS)RUƩ(B
DQGƩ(BVLJQL¿FDQWGLIIHUHQFHVZHUHIRXQGEHWZHHQWKHJURXSV&RQFOXVLRQ
In this short-term study, the results showed that a non-hydrogen peroxide
EOHDFKLQJDJHQWKDVVLJQL¿FDQWZKLWHQLQJHIIHFWVLPPHGLDWHO\DQGKDIWHU
a single-use treatment.
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Introduction

peroxide) and Opalescence Xtra Boost (in-office
bleaching, 38% hydrogen peroxide). The side

According to representative data from the United
Kingdom and from a study with Chinese urban
population, the prevalence of tooth discoloration in 1365 year-olds is approximately 50%3,27. Consequently,
tooth whitening is perhaps the most frequently applied
aesthetic procedure in dentistry.
The etiology of tooth discolorations is multi-causal
and can result from individual behavior, diseases,
injury and other exposures along with various
physiological processes1. Professional cleaning of
discolored teeth is a common procedure to remove
the majority of extrinsic strains. Various bleaching
techniques and products are used to remove intrinsic
VWDLQV,QRI¿FHRUSRZHUEOHDFKLQJKRPHEOHDFKLQJ
and over-the-counter bleaching products.
Most bleaching products use hydrogen peroxide
as active agent. However, bleaching treatments
with peroxide may cause local adverse effects such
as oral mucosa irritation, pulpal sensitivity, pulpitis
or alteration of the enamel surface14. On the other
hand, bleaching is a relatively safe procedure that
predominantly causes severe adverse effects only
at high hydrogen peroxide concentrations on hard
tissue, soft tissue and restorative materials15. The
(XURSHDQ6FLHQWL¿F&RPPLWWHHRQ&RQVXPHU3URGXFWV
(SCCP)4 reported that the use of tooth whitening
products containing >0.1 to 6.0% hydrogen peroxide
or equivalent hydrogen peroxide-releasing substances
is safe after consultation with a dentist.
On 31 October 2012, the EU Council Directive
2011/84/EU (amending EU Council Directive 76/768/
((& VSHFL¿HGWKDW27&WRRWKZKLWHQLQJSURGXFWVDQG
kits may only contain up to 0.1% hydrogen peroxide.
However, this concentration is too low to have any
noticeable effect on the color of teeth.
Legally, products that contain more than 0.1%
hydrogen peroxide can only be sold to a dentist24. In
January 2008, the SCCP recommended 6% hydrogen
peroxide as a safe limit to use for home bleaching
if supervised by a dentist24. Tooth bleaching based
on non-peroxide systems are available as over-thecounter products in the form of gels, rinses, gums,

effects were reversible and the test products had no
harmful effect on the tooth surfaces. Additionally, the
treatments were effective in removing intrinsic stains4,
but given the actual legislation, such products are no
longer allowed to be sold as OTC products without
supervision of a dentist. Various studies investigated
the effectiveness, safety and possible rebound effect
of at-home and OTC agents. The most common side
effects after bleaching were dental hypersensitivity and
gingival irritation180RUHRYHUWKHHI¿FDF\RISURGXFWV
containing hydrogen peroxide is generally based
on cumulative and repeated treatments; no instant
RU RQHWUHDWPHQW HI¿FDF\ KDV EHHQ UHSRUWHG 1R
clinical studies were found for non-peroxide bleaching
products. Only one study examined a non-peroxide
at-home bleaching product based on sodium chloride
in vitro and observed deteriorating effects on dental
enamel20.
A novel OTC bleaching agent based on nonperoxide gel was investigated in this study. It contains
phthalimido peroxy caproic acid (PAP) and calcium
lactate gluconate as active ingredients and has a high
potential of oxidation with release of active oxygen.
The gel should be placed on a ready-to-use tray. The
calcium-lactate-gluconate is an implemented complex
to remineralize and conserve dental hard tissue. A
combination of bleaching and remineralization agents
ZDV HI¿FLHQW LQ UHGXFLQJ GHQWDO K\SHUVHQVLWLYLW\8,23.
Thus, the purpose of this randomized, double-blind,
and placebo-controlled short-term study was to
GHWHUPLQH WKH HI¿FDF\ DQG VLGH HIIHFWV RI D QRYHO
OTC non-peroxide bleaching agent after a single-use
application.
In this double-blind study, the primary goal was
to test the hypothesis that there are significant
differences in tooth color units (1-16 units) between
a novel OTC non-peroxide bleaching and placebo
immediately after a single-use application regarding
the effectiveness of bleaching. The secondary goal
was to determine the color change as well as the side
effects between baseline and after 24 h plus between
immediately and after 24 h bleaching.

GHQWLIULFHV ZKLWHQLQJ VWULSV RU SDLQWRQ ¿OPV10,15,24.
Auschill, et al.5   H[DPLQHG WKH HI¿FDF\ DQG
side effects of three different bleaching treatments:
Whitestrips (OTC product, 5.3% hydrogen peroxide),
Opalescence PF 10% (home bleaching, 10% carbamide
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Material and Methods

N.V., Deurle, Belgium) without bleaching agents

Ethical approval

sorbitol, potassium acesulfame, chondrus crispus

(ingredient of the placebo agent: aqua, glycerin,

Written informed consent was obtained from all
participants, and all procedures of the study were

powder, hydrated silica, aroma, methyl paraben,
anti-oxidant).

clearly explained in advance. The study was conducted

The ingredients of the products used in this study

according to the Declaration of Helsinki principles for

are listed in Figure 1. The products had the same

medical research involving human subjects. The study

packaging.

was approved by the ethical committee of Witten/

The key list that documented to which group the

Herdecke University, Germany (No. 26/2014), where

subjects belonged was kept by a third person and

the full trial protocol can be accessed. The study has

was not revealed to the clinical examiner until the

the following German Clinical Trials Register number:

study was completed. No participant indicated the

DRKS00007636, date: 7 January 2015. The sample

presence of a systemic disease in his/her medical

size was calculated using G*Power (version 3.0;

history. An intraoral examination confirmed that

http://www.psycho.uni-duesseldorf.de/abteilungen/

each participant had an age between 18-65 years, at

aap/ gpower3)12. The number of participants for the

least 22 natural teeth with no current caries activity,

primary outcome was set at 20 per group to allow for

gingivitis, periodontal disease, or other oral pathology.

dropout and to ensure an adequate power of 80%

The front teeth should not be lighter than A2 and

and an alpha error of 0.05 to detect a difference

without defective enamel structure or restorations.

of one-shade guide units and 0.5 units of standard

Exclusion criteria were the presence of any systemic

deviation between the two groups with an effect size

disease, pregnancy or breastfeeding, the use of

of 1. Methods were applied in accordance with the

¿[HGRUUHPRYDEOHRUWKRGRQWLFDSSOLDQFHVVPRNLQJ

approved guidelines.

alcohol abuse, allergic reaction to any component of
the agents, the use of any bleaching agents within
the last year and dental hypersensitivity. Subjects

Study population
Forty volunteers (15 men and 25 women) with

were instructed to use the same non-whitening

a mean age of 35.1±14.5 years participated in this

toothpaste (Sensodyne Fluoride, GlaxoSmithKline

VWXG\7KH¿UVWVXEMHFWVIURPYROXQWHHUVIURP

Consumer Healthcare GmbH & Co. KG, Hamburg,

screening examination who were interested and

Germany) and a soft toothbrush (Sensodyne Precision;

DJUHHG WR SDUWLFLSDWH DQG IXO¿OOHG WKH LQFOXVLRQ DQG

GlaxoSmithKline Consumer Healthcare GmbH & Co.

exclusion criteria were asked to sign the consent form

KG; Hamburg, Germany) throughout the experiment.

and enrolled in the study. The subjects received dental

Whitening products and the consumption of curry,

prophylaxis, then a single average shade score was

coffee, black tea or red wine were strictly forbidden

calculated for each individual. This study was a double-

during the study.

blind randomized parallel study, and subjects were
randomly assigned to one of the two groups, balancing

Calibration of the examiner

for gender and baseline tooth color. Randomization was

All examination procedures and subject instructions

done with a sealed envelope system by a person who

were performed by the same experienced clinician (JD)

was not involved in the trial. The randomization was

to avoid interexaminer differences. Before the study,

VWUDWL¿HGDFFRUGLQJWRIRXUFRPELQDWLRQVRIFRORUVKDGH

the clinician was calibrated on 20 subjects to ensure

and gender (female & average shade color darker than

the validity of the tooth color measurements using the

A3/female & average shade color brighter than A3/

VITA shade guide (Vita Zahnfabrik, Bad Säckingen,

male & average shade color darker than A3/male &

Germany). The second tooth color measurements

average shade color brighter than A3). The participants

were performed after a two-week break. The strength

were given randomly generated treatment allocations

of agreement was assessed by calculating Kappa

within sealed opaque envelopes.

YDOXHV7KHLQWUDH[DPLQHUFRUUHODWLRQFRHI¿FLHQWZDV

Test group (n=20): iWhite Instant (Sylphar N.V.,
Deurle, Belgium) with bleaching agents;

0.83; hence, the strength of agreement can be rated
as almost perfect.

Placebo group (n=20): iWhite Instant (Sylphar
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Products

Ingredients

Function

Test gel

$TXD

Emulsion stabilizer

Hydrated Silica

Abrasive

Glycerin

Solvent

pthalimido peroxy capronacid (PAP)

Bleaching agents

Sorbitol

plasticizer

Chondrus crispus powder/Hydrated Silica

Abrasive, thickener

PEG-40 Hydrogenated Castor Oil

Emulsifying

Aroma

Flavouring agent

Acrylates/Arcylamide Copolymer and Mineral Oil and Stabilizes emulsions
Polysorbate 85

Placebo gel

Citric acid

acid

Methyl Paraben

Preservative

Calcium-lactate-gluconate

remineralization

Xylitol

Sweetener

Potasium Acesulfame

Sweetener

$TXD

Emulsion stabilizer

Glycerin

Solvent

Sorbitol

plasticizer

Potasium Acesulfame

Sweetener

Chondrus crispus powder/Hydrated Silica

Abrasive, thickener

Aroma

Flavouring agent

Methyl Paraben

Preservative

BHT

Anti-oxidant, masking agent

Figure 1- Ingredients of the test and placebo bleaching gels

Examination

Treatments were performed according to the

(I¿FDF\ WRRWK FRORU  DQG VDIHW\ VLGH HIIHFWV

manufacturers’ instructions. The test and placebo

such as tooth sensitivity and gingival irritation)

gels were placed on a ready-to-use tray for six upper

were assessed at baseline (E_0), immediately after

and six lower anterior teeth. The examiner supervised

treatment (E_1) and 24 h after treatment (E_2).

the subjects to ensure correct application. They were

Tooth color was measured using the VITA Lumin shade

not allowed to remove the trays during the treatment

guide (Vita Zahnfabrik, Bad Säckingen, Germany),

session but they were allowed to talk. After 20 min,

which consists of the 16 most common tooth colors

the trays were removed and discarded. Teeth were

(1-16). The examiner assessed patients’ conditions by

cleaned from remnants of the gel. Thereafter, the

deploying a blast of air to teeth isolated with cotton

tooth color, tooth hypersensitivity and the condition of

rolls, from a distance of 1 cm, for 1 s. The scale was

WKHVRIWWLVVXHZHUHUHFRUGHG7KHÀXRULGHJHO (OPH[

used as follow: 0 = absence of pain and 1 = presence

Gelée, CP GABA, Hamburg, Germany) was applied

of pain (slight, moderate and severe sensitivity).

VXEVHTXHQWO\IRU¿YHPLQXWHV7KH¿QDOH[DPLQDWLRQ

*LQJLYDOLUULWDWLRQLHDQ\DEQRUPDO¿QGLQJVVXFKDV

was performed after 24 h.

redness, edema or epithelial irritation of soft tissues

The individual color determinations were evaluated

was recorded by the examiner. The next parameters

by one examiner under identical conditions using

were self-reports for tooth sensitivity and gingival

the VITA Lumin shade guide (Vita Zahnfabrik, Bad

LUULWDWLRQ DW WKH ¿QDO H[DPLQDWLRQ 7RRWK VHQVLWLYLW\

Säckingen, Germany). The VITA shade guide served

included pain after the consumption of cold and

as reference to the clinical situation and consists of

hot beverage and/or food respectively and gingival

the 16 most common tooth colors sorted according to

irritation involved any discomfort or gingival irritation.

shade5,18. The middle one-third of the facial surface

The scale recorded as 0 = absence of pain and 1 =

of the upper and lower anterior teeth was measured

presence of pain.

to select the shade. A single average shade score of
J Appl Oral Sci.
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upper and lower anterior teeth was calculated for

Mann-Whitney U test was used for analysis. The

each individual.

VLJQL¿FDQFHOHYHOZDVVHWDWp<0.05. The analysis of

A clinical examination of the oral and perioral region

the secondary data was carried out in a descriptive

was conducted to reveal any signs of adverse changes

manner.

to teeth or soft tissue after treatment, in addition to
WKH TXHVWLRQQDLUHV DW WKH ¿QDO H[DPLQDWLRQ 7RRWK
hypersensitivity and oral irritation were the most

Results

important issues. These represent the most common
adverse events associated with vital bleaching9. The

Forty subjects between 18 and 64 years participated

severity and duration of adverse events were recorded.

in this study. Baseline demographic and clinical
characteristics for each group are shown in Table 1.

Statistical analysis

7KHGURSRXWTXRWHZDV1RVLJQL¿FDQWGLIIHUHQFH

Statistical analyses were performed by statistical

in color was found between groups at baseline

software (SPSS for Windows version 20, Superior

examination. After a single-use bleaching, the tooth

Performing Software Systems, Chicago, USA). For each

FRORUVKDGHIRUEDVHOLQHVKRZHGDVLJQL¿FDQWGLIIHUHQFH

group, mean teeth color shade at different times of

between iWhite and the placebo immediately and 24

examination was calculated with standard deviation

h after treatment (Figure 2).

and 95% confidence intervals. The Kolmogorov-

The mean (±standard deviation, and 95%

Smirnov test showed an inhomogeneous distribution

FRQ¿GHQFHOHYHO&, tooth color shade E_0 was

of the data. We applied non-parametric tests due to

9.84 (±1.93, 95% CI=8.94-10.74) unit for the test

the asymmetric data distribution. The non-parametric

group and 9.21 (±1.11, 95% CI=8.69-9.73) unit for

Table 1- Distribution of subjects by gender, age, and VITA color scale at baseline examination
Female

Male

Age

VITA color scale

n

%

n

%

mean

SD

mean

SD

iWhite
Instant

12

60

13

65

34.76

13.54

9.837

1.928

Placebo

8

40

7

35

38.02

13.90

9.208

1.114

Figure 2-&216257ÀRZGLDJUDP
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Figure 3- Values of the tooth color of the bleaching product and the placebo for baseline examination, immediately and 24 h after
EOHDFKLQJQV QRWVLJQL¿FDQW   S

Figure 4- Distribution of shade improvement for the iWhite Instant between baseline and immediately after bleaching (a) per teeth (b) per
subjects
J Appl Oral Sci.
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Table 2-'HYHORSPHQWRIWRRWKK\SHUVHQVLWLYLW\DQGJLQJLYDOLUULWDWLRQDIWHULPPHGLDWH (B DQG¿QDOH[DPLQDWLRQDIWHUK (B
Examiner

iWhite Instant (E_1)

iWhite Instant (E_2)

Placebo (E_1)

Placebo (E_2)

n

%

n

%

n

%

n

%

No hypersensitivity

20

100

20

100

17

85

20

100

hypersensitivity

0

0

0

0

3

15

0

0

No gingival irritation

18

90

17

85

17

85

18

90

Gingival irritation

2

10

3

15

3

15

2

10

Self-report

iWhite Instant (E_2)

Placebo (E_2)

n

(%)

n

(%)

No hypersensitivity

19

95

20

100

Hypersensitivity

1

5

0

0

No comment

0

0

0

0

No gingiva irritation

17

85

17

85

Gingiva irritation

3

15

0

0

No comment

0

0

3

15

the placebo group. The mean tooth color shade E_1

irritation, one subject gingival edema immediately

was 7.58 (±1.66, 95% CI=6.80-8.36) unit for the test

after treatment and one subject reported tooth

group and 9.22 (±1.16, 95% CI=8.68-9.76) unit for

hypersensitivity immediately after treatment. These

the placebo group. The mean of tooth color shade E_2

adverse events had disappeared after 24 h (Table

was 7.79 (±1.73, 95% CI=6.78-8.60) unit for the test

2). In the placebo group, three subjects reported

group and 9.31 (±1.01, 95% CI=8.84-9.79) unit for

“no comment” instead of “no gingival irritation” or

the placebo group.

“gingival irritation”.

The tooth color shade change for the placebo group
VKRZHG QR VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ EDVHOLQH
DQG LPPHGLDWHO\ DIWHU EOHDFKLQJ Ʃ(B  EHWZHHQ
LPPHGLDWHO\DQGKDIWHUEOHDFKLQJ Ʃ(B DQG
EHWZHHQEDVHOLQHDQGKDIWHUEOHDFKLQJ Ʃ(B 
(Figure 3). The test group showed significant
GLIIHUHQFHVIRUƩ(BDQGƩ(BEXWQRWIRUƩ(B
In the test group, 39% of the examined teeth had a
shade improvement of four shade values immediately
after treatment, 17% had an improvement of three
shades, and 3% had an improvement of seven shades.
Among the examined teeth, 41% showed no shade
value improvement (Figure 4a). When assessed per
individual, 5% of the test group showed an average
LPSURYHPHQW RI ¿YH VKDGHV  KDG DQ DYHUDJH
improvement of three shades, 50% an average of two
shades, and 15% an average of one shade (Figure 4b).
The examiner observed two subjects (immediately
after treatment) and three (24 h after treatment)
with gingival irritation on soft tissue during the study
in the test group. None of the subjects had dental
hypersensitivity. Three subjects in the placebo group
were diagnosed with hypersensitivity and three with
gingival irritation (immediately after treatment) (Table
2).
Two subjects in the test group reported gingival
J Appl Oral Sci.

Discussion
Bleaching is an oxidative process that alters the
OLJKW DEVRUSWLRQ RU UHÀHFWLRQ RQ WKH WRRWK VXUIDFH
The bleaching treatment is intended to be part of a
complete dental procedure. The dentist’s examination
is necessary to ensure the correct indications for
bleaching, and he/she monitors the treatment to
DYRLGVLJQL¿FDQWVLGHHIIHFWV19. A double-blind placebocontrolled clinical study was conducted to evaluate
initial color improvement after a single-use application
of the newly marketed non-peroxide bleaching system.
The results of our study demonstrated that the nonperoxide bleaching system is effective.
Gerlach and Zhou13 (2001) showed that the more
yellow the teeth at the baseline the better the outcome
of the tooth bleaching13. Therefore, the bleaching
groups were balanced for baseline tooth color and
age. The test bleaching products may potentially cause
irreversible damage if used on a long-term basis; so
we decided to perform a single-use application under
the supervision of a dentist.
The tooth color alterations were assessed using

581 2017;25(5):575-84
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Figure 5- Values of the color change for bleaching and placebo groups between baseline and immediately after bleaching, between
LPPHGLDWHO\DQGKDIWHUEOHDFKLQJDQGEHWZHHQEDVHOLQHDQGKDIWHUEOHDFKLQJQV QRWVLJQL¿FDQW   S

a shade guide and the visual evaluation from one

tray and the gingiva9. Therefore, a mucosal irritation

examiner, which is in accordance with other clinical

or dental hypersensitivity may also occur after the

studies6,22. Visual inspection is a clinical subjective

use of non-peroxide bleaching agents. No dental

method  WKHUHIRUH WKH .DSSD FRHI¿FLHQW YDOXH IRU

hypersensitivities and mucosal irritations were

intraexaminer reliability was assessed before the start

observed by the examiner immediately and 24 h after

RIWKHVWXG\  ±HQVXULQJDKLJKUHOLDELOLW\RIWKH

the single use of the new bleaching agent. Fluoride

17

evaluated tooth colors . Interference by surrounding

was applied after the treatment which may also have a

light is a disadvantage for the color determination by

remineralizing effect on the enamel7. But self-reported

means of a shade guide. The color impression of a

dental hypersensitivity and mucosal irritation indicate

WRRWKGHSHQGVRQWKHWUDQVOXFHQF\WKHUHÀHFWLRQDQG

that these side effects have to be examined in long-

the adsorption of the light on the tooth surface. The

term studies.

25

tooth color was examined under standardized light and
VXUURXQGLQJLQÀXHQFHVWRHOLPLQDWHDUWHIDFWV

7KHUH ZDV D VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH
active bleaching agent and the placebo. Tooth

The investigated novel bleaching agent (iWhite

whitening using at-home OTC bleaching agents has

Instant) consists of phthalimido peroxy caproic acid

already been examined in several studies6,16,26 and was

(PAP), an organic peracid containing a high potential

shown to be effective for weak tooth discolorations16.

of oxidation. Oxidation is necessary for the bleaching

In this study, 59% of all examined teeth between

procedure as it neutralizes organic double bonds that

baseline and immediately after bleaching showed

cause dental discolorations. But the activity of PAP is

an improved color shade in the test group (Figure

not based on the release of hydrogen peroxide . Risks

5). Nevertheless, not all teeth were homogenously

LQYROYHGLQDWKRPHDQGLQRI¿FHEOHDFKLQJSURFHGXUHV

bleached depending on the position and individual

are tooth hypersensitivity and gingival irritations.

characteristics like discoloration pattern or anatomic

These side effects depend on the concentration of

structure. The ready-to-use tray may also be a reason

the bleaching agent and the contact between the

for irregular bleaching results and gingival irritation.

11
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The color stability after bleaching has been largely
FRQ¿QHGWRZHHNVRUPRQWKV2,6,28.
The bleaching effect is well known and depends not
only on the bleaching method but also on subjects’
food and lifestyle habits21. We investigated the shortterm effect of the novel OTC non-peroxide bleaching
DJHQWKDIWHUEOHDFKLQJ1RVLJQL¿FDQWFRORUFKDQJH
was observed within 24 h after bleaching. Further
studies about the effectiveness after 14 days of the
application and a long-term color stability after months
are needed for the non-hydrogen peroxide bleaching
agent.
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