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The Chromophoresis:
Arrival of the first active method of tooth whitening in dental practice.
François Duret and Bruno Pélissier

The tooth whitening methods are an essential alternative for any practitioner wishing to reduce the discoloration of
the teeth of his patient while maintaining the best possible conditions for the conservation of dental tissues. They help
in many cases, even if the results are not comparable to obtain an aesthetic that can satisfy our patients before we
resort to more aggressive methods as preparations ceramics.
They therefore have an undeniable place in our therapeutic arsenal.
However, we can be surprised that these operative techniques have not evolved since the works of Mcintoch (1799),
Bogue (1872) or Chapple (1877). This is all the more surprising since it was in 1884 that Harlan, about 130 years ago,
introduced hydrogen peroxide treatment for the first time. In the twentieth century, the packaging of this miracle
oxidant became very efficient and agents of chemical or physical activation of the oxidation, such as light (Rosenthal
1911) or heat (Abbott 1918) effectively came support the results that we get in our dental offices. It was not until the
work of Paul Miara and his famous compressive method, so we ask ourselves serious questions about the progress of
this oxidizing ion and that a first solution was proposed relating to the movement of the peroxide ion through the dental
organ.
The fact that we have never tried to influence the H²O² transport kinetics, led us to permanently increase the
concentrations, application time or activation methods, hoping that at least a portion will eventually penetrate into the
tooth to act on the incriminated sites.
Even though they are disputed, in our opinion this has led to certain degradations, which have led us to study these
methods and to propose the first active method dealing with the dynamics of transport, with the aim of reducing
concentrations, times and especially the often traumatic activation methods for our patients and ... their tooth.
The purpose of this article is to introduce this new tooth whitening method, the first known active technique, invented,
developed and tested in France for a decade.

ELEMENTS IN QUESTION:
It is possible to whiten the teeth if we oxidize the chromophores, responsible for most of the colorations of our teeth.
The oxidation is obtained by the action of an oxidizing ion, which may be oxygen 0- or more effectively the OH- ion,
obtained from the degradation of hydrogen peroxide, carbamide or perborate. These ions are negatively charged,
which means that they will migrate in an electrophoretic electric field to the positive pole of an electrode.
Oxidation causes opening or changing the molecular structure of the chromophore resulting in a change in its behaviour
regarding the light passing through it. This structural modification often results in a decrease or a disappearance of its
"shade". This also results in temporary emergence of negative and positive charges on its surface, at some radicals’
level, making it also mobile in an electrophoretic field. This oxidation finally reduces its steric hindrance, its molecular
volume, making it more mobile in the tooth structure. So, it will be easier to get out that it had to go into.
It is therefore logical to think that four elements are important in a lightening reaction:
The first is the oxidizing agent, in this case the peroxide, the second is the chromophore, its structure and location, the
third are the conditions of the chemical reaction involving all activation methods, and the fourth are the means
developed for the oxidizing agent to be able to reach the chromophore responsible for colouring.
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If the peroxide is not able to reach the chromophore, the chemical reaction will not take place, regardless of the means
used. The study of this migration, this rapprochement, is therefore particularly important especially in a compact body
as dental tissue.
Unfortunately, all methods have focused on developing chemical agents and potentiating the reaction using more or
less violent activators. Except, the compressive method, none sought to understand and activate the displacement of
the oxidizing molecule towards the chromophores. Yet the challenge was important because if the chromophore is in
a deep layer, it seems unlikely that simply by depositing the peroxide on the surface of the tooth, it penetrates naturally
and passively into it.
It is therefore logical that previous developments, to compensate for this oversight, have been directed towards
peroxide super concentrations or super activation methods of oxidation reactions!
The chromophoresis method, which we present here for the first time, is only concerned with the kinetics of the
transport of the oxidizing ion towards the chromophore. It can use the same agents and activators, modulating them
to make their progression towards the chromophores more effective.
This kinetics being under the control of the practitioner, it is classified in the active methods as is the initiation of
polymerization by a light-curing lamp.
By creating an electric field through the tooth, it allows the active and under-control movement of the oxidizing
molecule, but also that of chromophores. It does not reinvent a new oxidizer or a new activator, but focuses only on
bringing them closer, through an ionic field through the tooth, the molecules involved in this therapeutic treatment.
As we will see below, the therapeutic effects are particularly important.

EQUIPMENT:
In the Ineo system, commercial version of Chromophoresis, we find the conventional components, the gel and the
generator, but here this one is not only a reaction activator but the creator of the Electrophoretic field.
a) The generator:
We have a generator (Fig. 1 & 2) creating a potential difference carried by an electrophoretic field, which can be positive
or negative from the outside to the inside of the tooth.
This generator, which contains a metallic part in contact with the patient's hand (Fig. 3), is both the power source and
one of the poles creating the electrophoretic field.
The second pole is the impression tray connected to the generator with a flexible and sterilisable cable. This impression
tray (Fig. 4), containing the gel, may also have one or the other polarity. It contains a metal part in contact with this gel
through pores designed for this purpose.
It was at the launch of the treatment that the circuit will be closed through the tooth.
The generator contains the following basic functions:
-The intensity to be applied
-The application time
-The change of polarity, automatic, during the treatment.
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It also performs certain ancillary functions such as:
a) The photonic activation of the oxidation by a blue LED light (Fig. 5) which is particularly energetic,
b) The gel quality control by electronic chips or incidentally
c) Thermal activation, although the simple Joule effect provides sufficient energy to activate the ion dissociation of the
peroxide.
To suspend the current processing, the patient needs only to release the generator. It will return to normal where it
was interrupted. Similarly, he can, if he wishes, decrease or increase the intensity by pressing the keys (-) or (+) (up to
a maximum ultimate value).
b) An oxidation gel containing hydrogen peroxide, carbamide or any other chemical component providing the O- or OHions responsible for the oxidation of the chromophores.
One of the characteristics of this gel is to promote electricity transmission but also to have a basic pH, not very
aggressive for the teeth, and directing this dissociation towards the OH- ion, 5 times more effective for tooth whitening
than free oxygen.

THREE STEPS of an active whitening treatment (Table 6).
There are 2 basic steps and one ancillary step in a chromophoresis treatment.
1) Step 1: The part of the active molecule of the peroxide (O- and OH-) responsible for the oxidation of the
chromophores, thus of the tooth whitening, is negatively charged.
The generator will create and orient the electrophoretic field so that a positive charge appears at the pulp and a
negative charge polarizes the impression tray (Fig.7).
This will initially attract the "negative" peroxide inside the tooth to the "positive" pulp, and the ions will use the "organic
channels" of the tooth structure.
During this active transmission, they will inevitably meet some of the chromophores which are also organic molecules,
and will oxidize them. After this oxidation, a fraction of these will present positively charged radicals. They will be
attracted to the outside of the tooth in the gel of the impression tray, which, reminder, is negatively charged. This part
of chromophore will emerge from the tooth, or will move away sufficiently from its complementary part to avoid
reassembly, probably explaining part of the recurrences.
2) Step 2: The generator, after a certain processing time, reverses the polarities. In this extremely original and specific
step of the bleaching treatments, we will have a negative charge at the level of the pulp, stopping the movement
of the peroxide and then reversing it.
Unreacted molecules, rightly considered as aggressive, will not stagnate anymore and will emerge from the tooth
avoiding painful deteriorations and recurrences that we know well after treatments.
This inversion of polarity will have two other very interesting effects:
a) The emerging peroxide, still active, will be able to continue its action on the molecules it will encounter.
During its return path, it will continue its action of oxidation of the chromophores amplifying the bleaching
effect.
b) The second effect will be to evacuate the part of chromophores already oxidized and having negatively
charged radicals.
So we will have a real cleaning of the tooth well beyond the simple oxidation of molecules.
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We thus have two conjugated effects, an active penetration then the evacuation of the oxidative molecules which did
not act on the chromophores, limiting the postoperative pains, but also an evacuation of the oxidized molecules
towards the outside, significantly reducing the recurrences.
These two effects were widely observed during the clinical pre-tests carried out at UFR in Montpellier by Dr. B. Pélissier
(Fig. 8).
3) Step 3: It is not mandatory but highly recommended. This step is performed with the same polarity as step 1, ie
with a positive charge at the pulp and a negative charge in the impression tray. This allows, by replacing the
whitening gel with a desensitizing and reinforcing gel, to protect the mineral and organic structure of the tooth at
the end of the treatment.
For example, Fluoride, having the same charge as the peroxide and the same steric hindrance, will penetrate effortlessly
mainly in the areas already visited (according to the path of least resistance). This third step will have another
advantage: if certain molecules resulting from chromophore degradation have tended to re-enter the tooth during
phase 2, they will be irremediably subtracted from the tooth.

WHAT ABOUT DEVITALIZED TEETH?
The treatment is the same but the different polarization steps are reversed and the electrodes can individually be
applied to each tooth to be treated.
In step 1, gel placed in the impression tray (possibly unitary one) is negatively charged while a second gel, which may
be based on perborate, is placed in the coronary-pulp area. The latter will release the oxidizing ions that will be attracted
to the outside of the tooth. Polarity reversal, during phase 2, will have the same effect as in the treatment of vital teeth.
The action will be local and protective of the dental organ. It will reduce some gingival trauma, avoiding stagnation of
oxidants after treatment.

WHAT ARE THE BENEFITS OF CHROMOPHORESIS?
They derive from the principles of this new method and have been widely discussed in this article. They are multiple
but the most important deserve, it seems to me, to be reiterated:
a) The fact of "actively pushing" the oxidizing ions inside the tooth, particularly difficult to penetrate organ,
reduces the application time.
b) This active transmission method increases the percentage of ions crossing the areas to be treated and their
dispersion. We obtain, ipso facto, a significant reduction in the percentages applied. This is especially true
as the oxidizing molecules act during their round trips.

c) This new approach allows, for the first time, the removal of active molecules (O- and OH-) responsible for
deteriorations often observed in the dental organ and causing postoperative pain, well known to our
patients.

d) Finally, the movement, see the removal of all or part of the chromophore molecules, allows to consider a
real cleaning limiting recurrences observed in the months following conventional treatments.
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Conclusions:
While the nineteenth century was, for bleaching treatments, that of the development of chemical reactions, the
twentieth century, that of hyper concentrations and the activation of these oxidation reactions f by heat and light, we
hope that the twenty-first century will be that one of moderation and protection of the dental organ.
We have done our best to open this era of whitening treatments by proposing a new, active and original method, the
chromophoresis, meeting these objectives legitimately requested by our patients and ... our fundamentalists.
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Pictures legends:
Fig. 1: the equipment and the prototype generator. (2006-2009).
Fig. 2: the material and the definitive generator. (2009-2010).
Fig. 3: the metal back of the generator. (Pole 1).
Fig. 4: the openings in the impression trays showing the second pole.
Fig. 5: the impression tray in the mouth (LED light).
Table 6: The three stages of treatment.
Fig. 7: Schematic representation of the process and polarizations.
Fig. 8: Example of results obtained at the UFR Montpellier (Blind experience: 2009-2010).

Note:
5 pages (ref. 5-6 pages)
8 fig (ref. maxi 20)
8 bibliography references (ref. 5 to 10).
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