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In vitro evaluation of extraradicular diffusion of
6 % hydrogen peroxide during intracoronal bleaching

Avaliacdo in vitro da difusGo extra-radicular do peréxido de
hidrogénio a 6 % durante clareamento corondrio interno

Abstract

Purpose: To evaluate the extraradicular diffusion of creamy 6% hydrogen peroxide (HP)
associated or not with sodium perborate (SP) at the cervical region of endodontically treated
teeth during intracoronal bleaching.

Methods: Thirty-two endodontically treated maxillary canines and central incisors were used.
The gutta-percha was removed 3mm below the cement/enamel junction, and the external
root surface was covered with cyanoacrylate except for the cervical region. The teeth were
randomly allocated to 4 groups: G1: 6% HP+SP (n=11); G2: 6% HP (n=11); G3: distilled
water (negative control, n=>5) and G4: 30% HP (positive control, n=5). The specimens were
immersed in a solution of potassium chromate (yellow), which turns blue in presence of HP
Two calibrated examiners (Kendall coefficient=0.936) attributed scores according to the
solution color (O - unaltered color, 1 - light blue, and 2 - dark blue). Data were analyzed by
Kruskal-Wallis and Mann-Whitney tests (a<0.05).

Results: Eighteen percent of the 6% HP specimens with or without SP showed color alteration.
Only G4 had score values statistically higher than the other groups (P=0.004).

Conclusion: It can be concluded that 6% HP cream did not have significant extraradicular
diffusion during intracoronal bleaching but it was not 100% safe.
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Resumo

Obijetivo: Avaliar a difuséo do peréxido de hidrogénio (PH) 6% em creme, associado ou néo
ao perborato de sédio (PS) na regido cervical de dentes endodonticamente tratados durante
clareamento corondrio inferno.

Metodologia: Foram utilizados 32 caninos e incisivos superiores tratados endodonticamente.
Removeu-se 3mm de guta-percha abaixo da juncdo cemento/esmalte e a superficie radicular
externa foi impermeabilizada com cianoacrilato, exceto a regido cervical. Os dentes foram
divididos aleatoriamente em: G1: PH 6%+PS (n=11); G2: PH 6% (n=11); G3: 4gua
destilada (controle negativo, n=>5) e G4: PH 30% (controle positivo, n=5). Os espécimes foram
imersos em solucdo de cromato de potéssio (cor amarela), que se torna azul na presenca do
PH. Dois avaliadores calibrados (coeficiente de Kendall = 0,936) atribuiram escores de acordo
com a cor da solucdo evidenciadora (O - cor inalterada; 1 - azul claro e 2 - azul escuro). Os
dados foram analisados pelos testes de Kruskal-Wallis e Mann-Whitney (a=0,05).

Resultados: Em 18% dos casos houve difusdo extra-radicular do PH 6%, estando este associado
ou néo ao perborato de sédio. Apenas o G4 apresentou valores estatisticamente maiores
que os demais (P=0,004).

Conclusao: Pode-se concluir que o PH 6 % em creme ndo apresentou difusdo extra-radicular
significativa durante o clareamento coronério interno, mas néo foi 100% seguro.
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Introduction

Pulpless teeth often show crown discoloration due to by-
products from pulp chamber hemorrhage, incomplete
removal of pulp tissue (1,2) or inadequate procedures during
endodontic therapy (3). For aesthetic treatment of discolored
and non-vital teeth, the use of bleaching agents directly in
the pulp chamber (intracoronal bleaching) is a simple and
conservative technique compared to prosthetic procedures.
For many years intracoronal bleaching was performed by
using 30-35% hydrogen peroxide associated with a heat
source — the thermocatalytic technique (4). The rationale
behind the use of peroxide for dental bleaching is that
peroxide dissociates into water and oxygen ions, which are
able to diffuse through the dentine and oxide the pigments
responsible for color alteration (5).

Despite its successful bleaching effect, the thermocatalytic
technique is not used nowadays due to its adverse
effects, particularly external root resorption (6). Several
studies demonstrated that hydrogen peroxide may diffuse
through defects in the cement/enamel junction (CEJ) to the
periodontal tissue, increasing local acidity and osteoclastic
activity (4,7,8). Thus, other techniques with different
bleaching agents were developed. Spasser (9) introduced the
use of sodium perborate associate with distilled water. When
in contact with water, sodium perborate dissociates into
sodium metaborate and hydrogen peroxide. In 1963, Nutting
and Poe (10) proposed the use of sodium perborate with
“superoxol” (30 % hydrogen peroxide) and introduced the
“walking bleaching” technique for intracoronal bleaching,
which is the main technique used at present (11).

For the “walking bleaching” procedures, different vehicles and
concentrations of hydrogen peroxide have been used such
as solution at 30% w/w (original technique) (12), solution
at 3% w/w (13), or cream at 20 % v/v (14), corresponding to
6% w/w. These concentrations of hydrogen peroxide have
different caustic effect and may induce external root resorption.
In addition to caustic effect, the diffusion capacity of these
solutions through the dentine tubules in the cervical area to the
periodontal tissue may also lead to tissue alterations (15,16).
Thus, the aim of this study was to evaluate the diffusion
of creamy hydrogen peroxide (6 % w/w), associated or not
with sodium perborate, through the cervical area of extracted
human teeth during intracoronal bleaching. The a priori
hypothesis was that 6 % creamy hydrogen peroxide does not
have high extraradicular diffusion.

Methods

This study was approved by the Committee of Ethics in
Research of the State University of Montes Claros —
Unimontes (Protocol 069/2003). The sample comprised
thirty-two extracted human maxillary incisors and canines,
with completely formed root and intact crown, stored in
thymol solution at 9°C.

The coronary access was initially accomplished with a
#1557 tapered carbide bur (S.S. White Dental Products, Rio
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de Janeiro, RJ, Brazil) at high speed, followed by #2 and
#4 Batt burs (Dentsply/Maillefer Instruments, Ballaigues,
Switzerland) at low speed. The finishing of the cavity walls
was performed with a Endo-Z bur (Dentsply/Maillefer). The
root canals were prepared by using a crown-down manual
technique with K files and # 2 to # 6 Gates Glidden drills
(Dentsply/Maillefer). During instrumentation, the irrigation
was accomplished with 2.5 % sodium hypochlorite solution
(Biodinamica Produtos Quimicos Ltda, Ibipord, PR, Brazil).
Sequentially, the root canals were filled with gutta-percha
cones (Konne, Belo Horizonte, MG, Brazil) and endodontic
sealer Endofill (Dentsply, Petropolis, RJ, Brazil) using the
lateral condensation technique.

After the conclusion of the endodontic procedures, the
cervical portion of the filling was removed 3 mm below
the CEJ. For this, it was measured 3 mm in the external
surface of the root with a millimeter periodontal probe. The
guta-percha was removed with a heated Paiva condenser
accomplishing the vertical condensation simultaneously
in the cervical portion of the filling until that there was
correspondence with the external radicular reference.
The external cervical region was marked in the buccal,
palatal, mesial, and distal surfaces. Afterwards, the entire
external radicular surface was covered with three layers of
cyanoacrylate (SuperBonder®, Loctite, Itapeva, SP, Brazil)
except for 3 mm of the root corresponding to the desobtured
root canal. Holes in the incisal portion of each tooth were
made with a #1 round drill (S.S. White Dental Products) at
high speed for posterior tooth fixation in the assay tube.
The teeth were randomly divided into four groups according
to the material put into the intracoronal cavity: G1 — 6%
creamy hydrogen peroxide associated with sodium perborate
(n=11); G2 — 6% creamy hydrogen peroxide (n=11);
G3 — distilled water (negative control, n=5); and G4 —30%
peroxide hydrogen solution (positive control, n=5). The
aqueous solution of 30% hydrogen peroxide and the sodium
perborate were obtained from a manipulation pharmacy
(Nature Farm, Montes Claros, MG, Brazil). The creamy 6 %
(20 volumes) hydrogen peroxide is commercially available
(Biocolor®, Niasi, Tabodo da Serra, SP, Brazil). Wax was
used as a provisory sealer and was covered with three layers
of cyanoacrylate (SuperBonder®, Loctite).

To assess the extraradicular diffusion in the cervical region
a chemical method modified from a previous study (17)
was used. Each tooth was perpendicularly fixed in an assay
tube using a metallic wire inserted through the holes made
in the incisal portion. The assay tube contained a solution
of potassium chromate of yellow color (Fig. 1), which turns
blue in presence of HP. The solution composition was 50 mL
of deionized distilled water, 10 drops of sulfuric acid 10N,
2mL of 10% potassium chromate, and 2mL of sulfuric
ether.

Two calibrated evaluators attributed scores according to
the color of the indicator solution (0 — unaltered color,
1 — light blue with presence of bubbles and 2 — dark blue)
after 2h (Fig. 2). The Kendall coefficient showed a high inter-
examiner agreement (0.0936). Score data were analyzed by
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non-parametric tests (Kruskal-Wallis and Mann-Whitney
tests) at the 0.05 level of significance using the statistical
package SPSS 11.0.

Fig. 1. (A) Fixation of the tooth into the assay tube containing
the chemical indicator solution. (B) Completion with the solution
until the external cervical limit.

Fig. 2. Score system used for examiner’s calibration according to
the indicator solution color: (A) Score O, (B) Score 1, (C) Score 2.
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Results

As expected, G3 (negative control group) did not show any
color change of the indicator solution. In G4 (30 % hydrogen
peroxide), the color alteration occurred immediately for 2
teeth and faster than 2 minutes for 3 teeth. For G1 and G2,
which used 6 % hydrogen peroxide associated or not with
sodium perborate, the color alteration occurred between
10 min and 1 hour. Only G4 had higher scores than the other
groups (P=0.004) (Table 1).

Table 1. Absolute and relative frequency of the scores given to
specimen group according to color alteration of the indicator
solution.

Score Group 1 Group 2 Group 3 Group 4
n % n % n % n %
0 9 82 9 82 5 100 0 0
1 2 18 2 18 0 O 0 O
2 0 0 0 0 0 O 5 100
* A A A B

* Different letters indicate statistically significant difference at the 5% level
of significance.

Discussion

This study showed that extraradicular diffusion of 6%
creamy hydrogen peroxide occurred in only 18% of the
cases, either associated or not with sodium perborate. In the
presence of 6% creamy hydrogen peroxide, the indicator
color was closer to the distilled water than the liquid 30 %
hydrogen peroxide.

Previous laboratory studies have been conducted to assess
the behavior of bleaching agents, mainly hydrogen peroxide,
during intracoronal bleaching of human extracted teeth,
particularly maxillary central incisors (18,19). In the current
study maxillary canines were included due to the difficulty
to obtain incisors to complete the sample. Maxillary canines
present large pulp chamber, which facilitates the experimental
procedures in studies on intracoronal bleaching (17,20).

In the present investigation, although the teeth were not
totally immersed in the indicator solution, the coronary
openings were protected in order to prevent the leakage of
bleaching agents through this area. Thus, the diffusion of
the bleaching material occurred only through the cervical
dentin tubules, exposed by CJE defects (21). It is important
to emphasize the difficulty to obtain teeth with similar CJE
characteristics, which lead some researchers to create artificial
defects along the external cervical area to standardize the
diffusion of bleaching agents (13,19). In the methodology of
the current experiment, this procedure was not performed,
and the anatomic gap/CJE variability could be a limitation
of this study. However, the teeth were randomly divided
into all the experimental and control groups to reduce any
anatomic bias.

The literature does not always present a positive association
between intracoronal bleaching and presence of root



resorption (22,23). These contradictory results are mainly
related to the causes of dental discoloration; for example,
previous trauma can lead to external root resorption and
color alteration, which could induce erroneous conclusions
about the bleaching effect in this pathology. Regarding the
bleaching agent, its presentation form and concentration of
hydrogen peroxide may also explain some different results
for intracoronal bleaching and external root resorption.
The high concentration of hydrogen peroxide in bleaching
agents has been related to the external root resorption in
animal models (16). However, the exact mechanism of root
resorption caused by intracoronal bleaching is not completely
understood. It is believed that the bleaching agent reaches
the periodontal tissues and begins an inflammatory reaction
by increasing the local acidity (7,8,24), which may cause
dentin denaturation and start a immunological reaction (25).
Thus, two factors seem to be important to promote external
root resorption: peroxide concentration and quantity that
reaches the periodontal tissue.

The hypothesis tested in this study was that the 6 % creamy
hydrogen peroxide does not present high diffusion through
CJE. The indicator solution was used and validated
previously (17) and has its color altered from yellow to blue
in presence of hydrogen peroxide. Thus, the color alteration
is directly proportional to the amount of peroxide. The use of
6% creamy hydrogen peroxide, associate or not with sodium
perborate, did not significantly alter the color of the indicator
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Conclusion

According to the methodology used it can be concluded
that creamy 6 % hydrogen peroxide did not have significant
extraradicular diffusion during intracoronal bleaching but it
was not 100 % safe.

1. Hattab FN, Qudeimat MA, al-Rimawi HS. Dental discoloration: an
overview. J Esthet Dent 1999;11:291-310.

2. Watts A, Addy M. Tooth discoloration and staining: a review of the
literature. Br Dent J 2001;190:309-16.

3. van der Burgt TP, Plasschaert Al. Bleaching of tooth discoloration
caused by endodontic sealers. J Endod 1986;12:231-4.

4. Lee GP Lee MY, Lum SO, Poh RS, Lim KC. Extraradicular diffusion
of hydrogen peroxide and pH changes associated with intracoronal
bleaching of discoloured teeth using different bleaching agents. Int
Endod J 2004;37:500-6.

5. Bartlett D. Bleaching discoloured teeth. Dent Update 2001; 28:14-8.

6. Harrington GW, Natkin E. External resorption associated with
bleaching of pulpless teeth. J Endod 1979;5:344-8.

7. Madison S, Walton R. Cervical resorption following bleaching of
endodontically treated teeth. J Endod 1990;16:570-4.
8. Heller D, Skriber J, Lin LM. Effect of intracoronal bleaching on
external cervical root resorption. J Endod 1992;18:145-8.
9. Spasser HFE. A simple bleaching technique using sodium perborate.
NY State Dent J 1961; 27:332-4.
10. Nutting EB, Poe GS. A new combination for bleaching teeth. J Soc
Calif Dent Assoc 1963,;31:289-91.
11. Cardoso RJ, Goncalves EA. Estética. Sdo Paulo: Artes Médicas; 2002.
12. Grossman LI. Endodontia prética. 10.ed. Rio de Janeiro: Guanabara
Koogan; 1983.

13. Rotstein I, Torek Y, Misgav R. Effect of cementum defects on radicular
penetration of 30% H,O, during intracoronal bleaching. J Endod
1991;17:230-3.

14. Assis BR, Albuguerque RC. Clareamento de dentes despolpados
pela técnica Walking Bleach. Rev. do CROMG 1999;5:31-7.

15. Friedman S. Internal bleaching: long-term outcomes and
complications. J Am Dent Assoc 1997;128:51S-5S.

16. Rotstein |, Friedman S, Mor C, Katznelson J, Sommer M, Bab I.
Histological characterization of bleaching induced external root
resorption in dogs. J Endod 1991;17:436-41.

17. Pécora JD, Sousa-Neto MD, Costa WF. Apresentacdo de um
método quimico que revela in vitro a passagem do peréxido de
hidrogénio a 30% através da dentina radicular. Rev Paul Odontol
1991;13:34-7.

18. Bernadineli N, Bramante CM, Bordanezi A, Garcia RB, Moraes |IG.
Efeito da renovacéo intracorondria de peréxido de hidrogénio no
pH extra-radicular. Rev Bras Odontol 2007;64:239-42.

19. Weiger R, Kuhn A, Lést C. Radicular penetration of hydrogen
peroxide during intra-coronal bleaching with various forms of
sodium perborate. Int Endod J 1994,27:313-7.

20. Vieira PA, Dinelli W, Loffredo LC, Robazza CR. Avaliacdo da
capacidade de vedamento na regido cervical de materiais
usados na confecgdo do tampéo cervical durante o clareamento
intracorondrio. Rev Bras Odontol 1998;55:293-6.

21. Koulaouzidou E, Lambrianidis T, Beltes P, Lyroudia K, Papadopoulos
C. Role of cementoenamel junction on the radicular penetration
of 30% hydrogen peroxide during intracoronal bleaching in vitro.

Endod Dent Traumatol 1996;12:146-50.

22. Friedman S, Rotstein |, Libfelt H, Stabhlz A, Heling I. Incidence of
external root resorption and esthetic results in 58 bleached pulpless
teeth. Endod Dent Traumatol 1988;4:23-6.

23. Gimlin DR, Schindles WG. The management of postbleaching
cervical resorption. J Endod 1990;16:292-7.

24. Cvek M, Lindvall AM. External root resorption following bleaching
of pulpless teeth with oxygen peroxide. Endo Dent Traumatol

1985;1:56-60.

25. Lado EA, Stanley HR, Weisman MI. Cervical resorption in bleached
teeth. Oral Surg Oral Med Oral Pathol 1983;55:78-80.

Rev. odonto ciénc. 2009;24(1):36-39 39



