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Spectrophotometric analysis
of internal bleaching of
traumatized teeth with
coronal discoloration
following regenerative
endodontic procedures
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Aim: The objective of this study was to describe a case series
concerning internal bleaching of anterior traumatized teeth
that underwent regenerative endodontic procedures (REP).
Methods: Seven non-vital maxillary anterior teeth discolored
after regenerative endodontic procedures were included and
divided into two groups according to the medication protocol
usedinthe REP. (1) Triple antibiotic paste (TAP) group (n=4);(2)
Calcium hydroxide and 2% chlorhexidine gel (HC+CHX) (n=3).
The bleaching technique used was walking bleach, where
sodium perborate associated with distilled water was used.
Bleaching agent was replaced weekly until the darkened tooth
was slightly lighter than the adjacent tooth. The color was
recorded with the aid of a digital spectrophotometer in two
moments (T1: prior the first session of bleaching, T2: fourteen
days after the last session of bleaching). The change in color
after the procedure (AE) was calculated and reported in a
descriptive analysis. Results: The AE for all teeth showed color
differences exceeding the perceptibility threshold (AE > 3.7).
Both groups showed similar AE (TAP. 18.3 £ 11.5; HC+CHX:
14 £11.2) at the end of the treatment. The average number of
sessions needed to achieve satisfactory results was 1.7 £ 0.6
for HC+CHX group and 2.3 + 0.5 for TAP group. Conclusion:
Internal bleaching with sodium perborate associated with
distilled water is effective in treating discolored teeth after
regenerative endodontic procedures.
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Introduction

Traumatic injuries in young patients are the major cause of pulp necrosis in imma-
ture permanent teeth'. The regenerative endodontic procedure (REP) is a technique
based on principles of tissue engineering aimed at providing longitudinal develop-
ment and strengthening of root walls with use of the inherent capacity of cell pro-
liferation to fill gaps in the body?. Ever since the first clinical report of the regen-
erative endodontic procedure®, several protocols have been proposed to promote
bacterial decontamination’+® and cervical sealing’, thus increasing the chances of
clinical success.

However, dental crown discoloration is a recurrent after-effect in regenerated
teeth™. The main cause of this discoloration has been attributed to the use of the
triple antibiotic pastes (TAP) used as intra-canal medication®'%. A clinical trial by
Nagata et al.? (2014) observed that 83% of the teeth subjected to this medication
protocol had some degree of coronary discoloration. Although this intracanal med-
ication has a great antibacterial spectrum, it is hypothesized that the minocycline
(a component of TAP) is the responsible for this discoloration, since this substance
has the property of binding calcium ions, forming an insoluble complex, which when
incorporated into the dentin matrix, leads to darkening?.

Another factor related to coronary discoloration following REP is the use of calcium
silicate—based cervical barriers! 2191215 and their interaction with the blood clot'®,
especially those that have bismuth oxide in their composition, which when in contact
with collagen matrix result in a darkened precipitate'.

Internal bleaching is a consolidated option for the resolution of cases of coronary
discoloration in non-vital teeth, even in cases related to traumatic injuries' '8, Recent
in vitro studies have shown satisfactory results regarding the efficacy of internal
bleaching in darkened teeth after the use of triple antibiotic paste or after the use of
calcium silicate—based cervical barriers'®™®, However, few in vivo studies regarding
internal bleaching of teeth treated by regenerative endodontic procedures have been
found in the literature?®?, mostly case reports.

Thus, the aim of this study was to describe a series of cases concerning internal teeth
whitening in traumatized teeth that underwent regenerative endodontic procedures.
We tested the null hypothesis that the internal bleaching with sodium perborate will
not be effective in treating darkened teeth after regenerative endodontic procedures.

Materials and Methods

Protocol and Ethical Criteria

All national (CNS/MS Resolution No. 466/2012) and international (Helsinki Decla-
ration) precepts related to research ethics involving human beings were respected.
The project was approved by an Independent Human Research Ethics Commit-
tee (Protocol number: 092/2015). All patients and respective guardians signed a
consent form.
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Study design and participants selection

This is a case series study in which maxillary anterior teeth discolored after regen-
erative endodontic procedures were selected during the follow up of a previous
study® at the Dental Trauma Service of the School of Dentistry of Piracicaba, Brazil.
All teeth submitted to REP in the previous study® were diagnosed with pulp necro-
sis based on clinical (negative response to thermal and electric tests / presence
of sinus tract or tenderness to percussion) and radiographic aspects (presence of
periapical radiolucency).

The following inclusion criteria were defined: 1) Success of the regenerative end-
odontic procedure. Success was defined as the tooth remaining present in the arch
and absence of clinical symptoms (tenderness to palpation or percussion, sinus tract
and spontaneous pain); 2) Absence of periapical lesion; 3) Absence of gingival inflam-
mation; 4) Absence of external cervical root resorption; 5) Full or minimally restored
crown; 6) Absence of orthodontic appliance.

Patients who had discolored teeth but did not return to start treatment or refused to
participate were excluded from the sample.

Division of groups

Dental elements were divided into two groups, according to the medication protocol
used in regenerative endodontic procedures:

+ TAP Group: Group with teeth discolored after regenerative endodontic procedure,
treated with triple antibiotic paste (ciprofloxacin 250 mg, metronidazole 400 mg
and minocycline 50 mg, 1:1:1) and sealed with white MTA (Angelus™, Londrina,
Brazil), coltosol (Coltene-Whaledent, Langenau, Germany) and composite resin
(2250 Filtek; 3M ESPE, Sumaré, Sao Paulo, Brazil).

+ HC+CHX group: Group with teeth discolored after regenerative endodontic pro-
cedure, treated with calcium hydroxide (Biodynamics, Ibipora, PR, Brazil) and
2% chlorhexidine gel (Endogel, Itapetininga, Sdo Paulo, Brazil), at a 1:1 ratio. Ac-
cess cavities were sealed with white MTA (Angelus™, Londrina, Brazil), coltosol
(Coltene-Whaledent, Langenau, Germany) and composite resin (Z250 Filtek; 3M
ESPE, Sumaré, Sao Paulo, Brazil).

Clinical protocol of internal tooth bleaching

The bleaching technique used was walking bleach, where sodium perborate asso-
ciated with distilled water was used. At initial consultation, a digital periapical radio-
graphic scan (Apixia PSP Scanner, CA, USA) was performed in the region of the tooth
to be bleached, followed by dental prophylaxis.

The color assessment was performed with the VITA Easyshade digital spectropho-
tometer (Vita Easyshade, Vita Zahnfabrik). Photographic records were also performed
at the beginning and end of bleaching (Nikon™ D3200, Minato, Tokyo, Japan).

Clinical crown height was recorded with a millimeter-calibrated instrument and
a rubber stop. Rubber-dam isolation and removal of all restorative material was
subsequently performed with a high-speed spherical diamond tip pulp chamber
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(KG Sorensen, Barueri, SP, Brazil) under refrigeration (Figure 1A). The MTA, used as
cervical barrier, was removed 2 mm below the gingival margin and a new coltosol
cervical sealing (Coltene AG, Altstatten, Switzerland) was performed (Figure 1B).

The bleaching agent was manipulated in a 2.1 ratio using two measurements of
the bleaching agent (sodium perborate) for a vehicle portion (distilled water) [24,25]
(Figure 1C). A polymerized cotton ball moistened with dentin adhesive was inserted
and the cavity was provisionally sealed with composite resin (Figure 1D). Occlusal
adjustment was performed every restoration change.

Figure 1. Clinical protocol of internal bleaching. (A) Rubber-dam isolation and removal of all restorative
material; (B) Removal of the MTA and insertion of 2mm of Coltosol as a cervical barrier; (C) Insertion of
the bleaching agent; (D) Temporary restoration with composite resin.

The bleaching agent changes were performed every seven days until the discolored
tooth was slightly lighter than the adjacent tooth, with a limit of five sessions of inter-
nal tooth bleaching. After the bleaching sessions, the pulp chamber was washed with
water spray and a calcium hydroxide paste (Biodynamics, Ibipora, PR, Brazil) as well
as distilled water were applied. After 14 days, sealing was removed, and permanent
restoration was performed with composite resin.

Color assessment method

The color was recorded in two moments: (T1) The baseline was assessed prior the
first session of bleaching (in the moment that the discoloration was diagnosed during
the follow up visits after the REP); (T2) the second assessment was done fourteen
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days after the last session of bleaching. The color was recorded in triplicate with the
aid of the previously calibrated Vita Easyshade Advance 4.0 digital spectrophotome-
ter (Vita Zahnfabrik, Bad Sackingen, Germany). A condensation silicone tray was fab-
ricated (Clonage, Nova DFL, RJ, Brazil) with an opening in the cervical region belong-
ing to the buccal surface of the darkened tooth in order to eliminate the influence of
external illumination and standardize readings.

The color of each dental element was assessed using the CIELAB system (Commis-
sion Internationale de L'Eclairage, Vienna, Austria). L* a* and b* values were recorded:
L* refers to lightness, from 0 (black) to 100 (white); a* values determine the amount
of red (positive values) or green (negative values); b* values refer to the measurement
of yellow (positive values) or blue (negative values). Comparison between the values
obtained from L*, a*x and b* are expressed as AE, which describes the color difference
between the initial and final values of tooth bleaching'®. The value of AE was obtained
by the following formula:

AE=[(L L) + (a8, + (b -b)7"

Perceptible differences in the human eye were considered, and clinically relevant, AE
values above 3.7%4,

Data analysis

Descriptive analysis of groups with data on age, darkening time, and number of ses-
sions. AE were calculated and reported as mean, standard deviation and median.

Results

Of the 23 upper incisors subjected to regenerative endodontic procedures in the
study by Nagata et al.8 thirteen presented coronal discoloration during follow-up,
of which only seven teeth were included in the sample (Figure 2). The average age
of participants was 12.7 (+4.1) years. The time from REP to internal bleaching proce-
dure varied from 1 to 4 years (Table 1).

All teeth included in the study were maxillary incisors, with the central incisors rep-
resenting 73% of the sample, whereas lateral incisors represented 27%. The fre-
quency and distribution of teeth according to the type of medication are presented
in TableT.
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23 teeth undergoing REP

13 teeth with
crown discoloration

Not included teeth (n=6)

« Patients did not return for internal
bleaching (n=5).
+ Tooth with extensive restoration (n=1).

7 teeth were included

Location

TAP group (n=4): HC + CHX group (n=3):
+ Regenerative endodontic - Regenerative endodontic
procedure with TAP procedure with HC + CHX

Follow-up

Lost follow-up (n=0): Lost follow-up (n=0):

+ Discontinued intervention + Discontinued intervention
(n=0) (n=0)

Analysis

Patients analyzed (n=4) Patients analyzed (n=3):

+ Excluded from analysis + Excluded from analysis
(n=0) (GEY)

Figure 2. Flowchart of the distribution of the teeth included in the study.

Table 1. Main characteristics of the cases.

Pacient# Tooth c;l;y'IPSI Age (years) tiDmaer'kgl nei:?s) AE 'ilg:sbig;:f
Group HC + CHX

1 11 Lateral luxation 14 4 12.2 2

2 12 Lateral luxation 8 1 3.8 1

3 11 Extrusion 20 1 26.0 2
Mean + SD 14+6.0 2+1.7 14+11.2 1.7+0.6
Median 14.0 1.0 12.2 2.0
Group TAP

4 22 Lateral luxation 13 4 335 2

1 21 Lateral luxation 14 4 141 2

5 21 Extrusion 12 2 19.4 3

2 11 Lateral luxation 8 1 6.2 2
Mean + SD 11.8+2.6 28+1.5 18.3+11.5 23+0.5
Median 12.5 3 16.8 2.0

TDI — Traumatic dental injuries; * Darkening time since the regenerative endodontic procedure.



Lazzari et al

Change in color analysis

In both groups, the color difference between the initial and final values of tooth
bleaching were greater than the minimum value (AE> 3.7) in all teeth, with values
ranging from 3.8 to 33.5. Figure 3 shows before and after internal bleaching of all
cases included in the study.

The number of sessions required to achieve satisfactory results was similar between
groups, ranging from one to three sessions (Table 1).

Figure 3. Clinical appearance of the cases included in the study. (A,C,E,G,I) Clinical appearance before
internal bleaching, where it is possible to observe the crown discoloration of the incisors submitted to
the regenerative endodontic procedure; (B,D,FH,J) Clinical appearance 14 days after the last internal
bleaching session.
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Discussion

This study described a series of cases in which non-vital traumatized permanent
teeth treated by different medication protocols during the regenerative endodontic
procedure underwent internal tooth bleaching procedure. Internal dental bleaching
with sodium perborate showed to be an effective treatment modality for discolored
teeth following pulp regenerative endodontic procedures. Thus, the null hypothesis
was rejected.

The REP is an effective therapy for the treatment of necrotic immature teeth, which
combines decontamination techniques to eliminate microorganisms from the interior
of the root canal and tissue stimulation techniques that will promote the continuation
of root development?. Despite its clinical success', the bond strength of restorative
materials is influenced by the biomaterials used as a cervical barrier?®?’, which can
compromise the post-treatment sealing; in addition, some teeth show crown discol-
oration during the follow-up, often caused by intracanal medications and materials
used in the procedure™'21°,

The most used substances in the internal tooth bleaching technique are hydrogen
peroxide and sodium perborate?. The use of sodium perborate associated with dis-
tilled water is indicated to reduce the risk of external root resorption, as this combi-
nation is less toxic to periodontal ligament cells®. In addition, there are no reports of
external root resorption related to its use'®. For this reason, we chose to use sodium
perborate associated with distilled water, considering the biological aspects and the
risk of damage to periodontal tissues, especially in immature teeth with large dentinal
tubules and a history of trauma.

The efficacy of internal bleaching already been proven in several in vitro and in vivo
studies that included factors related to REP as etiologies of tooth discoloration, such
as the use of MTA as a cervical barrier®®?®!, the use of triple antibiotic pastes'®'®, or the
presence of the blood clot'®.

The most described MTA-related darkening mechanisms are heavy metal ion release
and interaction of bismuth oxide with the collagen matrix, which will result in a dark-
ened precipitate®; interaction with the stimulated blood clot during the regenera-
tive endodontic procedure®'. However, studies have shown that internal bleaching is
effective in reversing darkening caused by MTA'%3! as was observed in our study,
where all cases showed clinically relevant change in color noticeable to the human
eye (AE>3.7). Previous study observed that most of the discoloration in these cases
are within the MTA and not in the dentin, so the removal of part of the MTA could
improve the crown color in association with the internal bleaching®.

Another cause related to dental discoloration after REP is the use of triple antibiotic
pastes®'!. In our study, of the thirteen discolored teeth present in the initial sam-
ple, nine had been treated with triple antibiotic paste (TAP), whereas only four teeth
treated with calcium hydroxide and chlorhexidine had darkened. The main reason
for this finding is attributed to the presence of minocycline in the constitution of TAP.
The most accepted hypotheses that explain these findings are the possible interac-
tion of minocycline with collagen, resulting in pigmented bioproducts, and the binding
of minocycline to the calcium ion of dentin by chelation®. Thus, the use of calcium
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hydroxide associated with chlorhexidine 2% gel reduces the chances of coronary
darkening after regenerative endodontic procedures' and may be an alternative to the
use of TAP paste*s.

As for the results of internal bleaching, regardless of the intracanal medication uti-
lized, all teeth showed significant AE changes, validating the results of in vitro and
in vivo studies and other case reports that showed satisfactory results for internal
bleaching of darkened teeth after TAP usage'®'®?>?3, |t is important to notice that a
recent evidence showed that although the internal bleaching of discolored tooth by
TAP cause higher color changes in the dentin, the enamel plays an important role in
the final color perception'. In this context, during the REP we need to pay attention in
the materials used and its impact on both enamel and dentin and establish protocols
to avoid tooth discoloration®.

The use of blood clots as scaffold during regenerative endodontic therapy has also
been associated to coronary darkening®'. In all teeth used in this study, blood clots
were used as scaffold during REP. There is no consensus in the literature able to
explain the darkening mechanism of the tooth discoloration caused by blood clot;
however, the most accepted hypotheses are the accumulation of hemoglobin and
hematin molecules®'®® or their interaction with materials based on calcium silicate,
which would result in the darkening of the material'®. We believe that in the cases of
this study, a combination of both factors may influence coronary darkening, since
MTA barriers are positioned close to the cervical third of the teeth and in direct con-
tact with the blood clot. However, further studies should be conducted to verify the
relationship of coronary discoloration with the presence of blood clots, as well as the
efficacy of bleaching agents in such situations.

This study has certain limitations. The first concerns the small number of patients
involved in each group. In addition, study design represents an important limitation
since case series studies have low scientific evidence. Randomized clinical trials are
encouraged to reinforce the findings. However, this is an original study, being the larg-
est case series of traumatized teeth undergoing regenerative endodontic procedures
and internal bleaching.

In conclusion, internal teeth bleaching with sodium perborate is effective in treating
coronal discoloration after regenerative endodontic procedures.
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