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Abstract
Objectives To investigate the whitening effects of different
bleaching agents on teeth discoloured by different antibiotic
combinations of ciprofloxacin and metronidazole with
minocycline, doxycycline, amoxicillin or cefaclor.
Materials and methods Forty extracted bovine incisors were
collected and discoloured with triple antibiotic pastes (TAP)
with minocycline, doxycycline, amoxicillin and cefaclor
throughout 30 days. The specimens were then randomly di-
vided into two subgroups and each group received different
bleaching materials: 35 % hydrogen peroxide and sodium
perborate. Spectrophotometric measurements were obtained
on the buccal surfaces of the crown, firstly in the beginning,
then on the 4th, 8th and 12th days after the placement of the
bleaching materials. The acceptability threshold was set to
3.5. The ΔE values were calculated and the data was analysed
using the repeated measures analysis of variance (P=.05).
Results All the test groups induced colour changes exceeding
the acceptability threshold 30 days after the antibiotic pastes
were placed. The 35 % hydrogen peroxide was more effective
than sodium perborate in the whitening of discoloured teeth by

antibiotic pastes (P=.001). The whitening effect after the 8th
and 12th days was significantly more than after 4 days of
treatment (P <.001). The discolouration caused by the TAPwith
minocycline and cefaclor showed greater whitening compared
to the TAP with doxycycline and amoxicillin groups (P <.05).
Conclusions The whitening treatment effect of 35 % hydro-
gen peroxide on teeth discoloured by antibiotic pastes seems
to have significantly outperformed the sodium perborate treat-
ment. Both bleaching agents were allowed to bleach the teeth
gradually each day and the effects on the 8th and 12th days
were superior to the one on the 4th day.
Clinical relevance The use of 35 % hydrogen peroxide could
be advantageous to bleach the teeth discoloured with antibi-
otic pastes compared to sodium perborate.
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Introduction

Revascularisation enables the thickening of the root walls by
mineralized tissue and the continuation of physiological root
development. It has become an alternative conservative treat-
ment option to the apexification procedure for immature per-
manent teeth [1]. One of the most important stages of the
revascularisation procedure is the disinfection of the root canal
system. In order to eliminate infection from the root canal
system effectively, several investigators have used antibiotic
pastes [1–4]. However, several studies have demonstrated that
the antibiotic pastes induced crown discolouration [5–7].

The internal bleaching technique is a minimally invasive,
simple, and cost-effective intervention and causes only slight
risks, if performed correctly [8]. Among the internal bleaching
agents, hydrogen peroxide was used at different
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concentrations ranging from 5–35 %. Because of its low
molecular weight, it can penetrate dentin and can release
oxygen. The oxygen breaks the double bonds of the organic
and inorganic compounds inside the dentinal tubules. Sodium
perborate, another internal bleaching agent, is available as
powder. It is easier to control and is safer than concentrated
hydrogen peroxide solutions [9].

There are no studies available that compare the whitening
effect of different bleaching agents on teeth discoloured by
different antibiotic combinations used for regenerative proce-
dures. Therefore, this study was conducted using different
bleaching agents (35 % hydrogen peroxide as well as sodium
perborate) to assess their whitening effects on the teeth
discoloured by different antibiotic pastes of ciprofloxacin
and metronidazole combined with minocycline, doxycycline,
amoxicillin or cefaclor. The null hypotheses of this study
were; (1) teeth would not be differentially discoloured by the
tested antibiotic pastes and (2) there would be no significant
differences between the tested bleaching agents on the teeth
discoloured with different antibiotic pastes.

Materials and methods

Power analysis

The necessary sample size was calculated as 40 to give 84 %
power, 0.48 effect size and 0.05 significance level accompa-
nied by a repeated measures design with 2 between factors,
antibiotic paste (4 levels) and bleaching material (2 levels),
and 1 within factor, time with 3 levels.

Sample selection and preparation

Forty bovine maxillary incisors were collected and disinfected
by immersion in 0.5 % Chloramine-T solution (Merck, Ger-
many) for 48 h. The specimens were stored in distilled water
until they were used. Each specimen was sectioned using a
cylindrical bur under water-cooling to obtain a standardised
root length of 10 mm apical to the facial cementoenamel
junction (CEJ).

The bucco-lingual and mesial-distal dimensions at the CEJ
and the thickness between the root canal wall and external root
surface were measured using electronic digital callipers and
were recorded for each specimen. On the basis of the sum of
these three measurements, teeth with similar measurements
were distributed equally across the eight groups. Statistical
analysis by one-way ANOVA confirmed no significant differ-
ences among the groups in terms of their bucco-lingual di-
mensions (P=.694), mesial-distal dimensions (P=.757) and
root canal wall thickness (P=.517).

The pulp tissue was apically removed using a spoon exca-
vator and the root canal was irrigated with 10 mL of 5.25 %

sodium hypochlorite for 2 min to remove any remaining pulp
tissue, and then with 10 mL of 17 % EDTA for 2 min,
followed by 10 mL of distilled water in order to simulate
clinical irrigation. After the root canal space had been dried
using cotton, the pulp chamber was filled with a hydraulic
temporary filling material (MD-Temp; META Biomed Co
Ltd, Cheongju, Korea) 2 mm coronal to the CEJ. A cotton
pellet was loosely placed on the temporary filling material up
to the facial CEJ. The specimens were then apically filled
using syringe according to the following 4 groups:

TAP with minocycline: The specimens in this group re-
ceived equal portions of metronidazole, (Eczacıbası, Istan-
bul, Turkey), ciprofloxacin (Biofarma, Istanbul, Turkey)
andminocycline (Ratiopharm, Ulm,Germany)mixedwith
distilled water (at a powder/liquid ratio of 3:1).
TAP with doxycycline [10]: The specimens in this group
received equal portions of doxycycline (Deva, Istanbul,
Turkey), metronidazole and ciprofloxacin mixed with
distilled water as mentioned above.
TAP with amoxicillin [11]: The specimens in this group
received amoxicillin (Bilim, Istanbul, Turkey), metroni-
dazole and ciprofloxacin.
TAP with cefaclor [3]: The specimens in these groups
received cefaclor (Sanovel, Istanbul, Turkey), metronida-
zole and ciprofloxacin.

The volumes of the antibiotics used were approximately
0.5 mL. The apical openings were sealed with sticky wax, and
all the specimens were stored at 100 % humidity in an incu-
bator at 37 °C for 30 days. A coronal endodontic access cavity
(approximately 7×9 mm) was performed with a size #9 round
bur. The temporary filling material and cotton pellet were
removed, and the antibiotic pastes were removed by using
10 mL of 5.25 % NaOCl agitated using an ultrasonic file. The
root was then filled with the temporary filling material (META
Biomed Co., Ltd.) from the apical foramen to the CEJ. A 2.0-
mm thick glass-ionomer cement base (3M ESPE, Ketac Mo-
lar, Seefeld, Germany) was placed at the level of the CEJ.
Each group was divided into 2 subgroups to determine the
whitening effects of the bleaching agents as follows (n=5):

35 % hydrogen peroxide: The pulp chamber was filled
with 35 % hydrogen peroxide (Opalescence®Endo;
Ultradent Products Inc., South Jordan, UT, USA) by
using its own syringe.
Sodium perborate: The pulp chamber was filled with the
mixture of tetrahydrate sodium perborate (Sultan
Healthcare, Hackensack, NJ, USA) and distilled water
by using a plastic amalgam carrier.

After the access cavity of the tooth was sealed with
provisional adhesive restoration (Filtek Ultimate, 3M ESPE,
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Seefeld, Germany), the bleaching agents were left for 4 days
in distilled water at 37° C. Then, the composite resin was
removed, the bleaching agent was washed out with water,
and a fresh bleaching agent was placed into the access
cavity. This procedure was repeated three times (at days 4,
8 and 12) with a 4-day interval.

Tooth colour assessment

The colour measurements were recorded 30 days after the
placement of the antibiotic pastes (baseline), as well as on
the days 4, 8 and 12 after the placement of the bleach. The
colour of each specimen was assessed by the CIE-Lab
system, which was defined according to the International
Commission on Illumination in 1967 and referred to as
CIE-Lab (Commission Internationale de L’Eclairage,
1978), in L*a*b* mode by using a noncontact-type
spectrophotometre (Spectro Shade™ Micro, MHT, Milan,
Italy) on the buccal surfaces of the crown. A standardised
circular strip with a diameter of 6 mm was bonded to the
buccal surface of the crown 2 mm coronal to the CEJ to
ensure that the colour measurement was performed on the
same region in each turn with a vertical angle [12]. The
colour measurements were performed thrice on a white
background at each time point, and then the mean of the
three measurements was calculated. The acceptability
threshold was set to 3.5.

According to the manufacturer’s recommendation, the
spectrophotometer was calibrated on the calibration tile for
each group at each time point. L* represents lightness, from
0=black to 100=white; a* represents the measurement
along the green-red coordinate and b* represents the mea-
surement along the blue-yellow coordinate. The total colour
differences or the distances between the two colours (ΔE)
were calculated using the following formula:

ΔE� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ΔL�2 þΔa�2 þΔb�2
p

Statistical analysis

All the statistical analyses were carried out at a significance
level of 0.05 and confidence interval of 95 %. A one-way
analysis of variance (ANOVA) was used to determine if
there were statistically significant differences in regards to
the baseline colours. The repeated measures ANOVA with 2
between factors and 1 within factor were used for the
evaluation of the results. The within factor was “time” with
three levels. All the statistical analyses were performed using
the IBM SPSS Statistics software version 20 (SPSS; IBM,
Chicago, IL, USA).

Results

All of the test groups induced colour changes exceeding the
acceptability threshold 30 days after the antibiotic pastes had
been placed (Fig. 1). The samples discoloured by various
antibiotic pastes had a significantly different baseline
ΔEs (P <.001). The TAPwith minocycline induced the most
discolouration among the groups, and the TAP with amoxi-
cillin did the least. The differences between the TAP with
minocycline and the other antibiotic pastes were statistically
significant (P <.05). However, there were no statistically
significant differences between the TAP with doxycycline,
the TAP with amoxicillin and the TAP with cefaclor (P >.05).

The repeated measures analysis of variance indicated that
the whitening effect of the 35 % hydrogen peroxide was
superior to that of the sodium perborate (P=.001) (Fig. 2).
The whitening in the discoloured teeth with the antibiotic
pastes on the 8th and 12th days after the placement of bleach
material was also superior to the one on the 4th day (P <.001).
However, there was no statistically significant difference be-
tween the 8th and 12th-daymeasurements (P=.175) (Table 1).
The discolouration caused by the TAP with minocycline and
cefaclor was more whitening compared to the TAP with
doxycycline and amoxicillin groups (P <.05) (Fig. 3).

Discussion

Various antibiotic pastes are currently used in endodontics to
disinfect the root canal system [1–3, 5, 11]. According to the
results of this study, all the tested antibiotics induced crown
discolouration. However, the TAP with minocycline induced
significantly more discolouration than the other tested antibi-
otic pastes. The first null hypothesis which states that the teeth
would not be differentially discoloured by the tested antibiotic
pastes was rejected. Previous studies have found that the TAP
with minocycline resulted in discolouration [5, 13, 14]. The
results of these studies partly confirm our findings. The mech-
anisms by which the TAP with minocycline impacts on coro-
nal tooth discolouration may be related to the binding of
minocycline to the calcium ions via chelation [15]. However,
the mechanisms of the others should be studied in the future.
Another interesting finding in the present study was that, the
discolouration caused by the TAP with minocycline and
cefaclor has also shown more whitening effect compared to
the TAP with doxycycline and amoxicillin groups.

The main aim of this study was to assess the whitening
effects of 35 % hydrogen peroxide and sodium perborate on
the teeth discoloured by different antibiotic combinations. The
highest level of whitening effect of the bleaching agents
occurred on the 12th day. The whitening effect also increased
day by day and exceeded the acceptability threshold from the
4th day of the evaluation in all the antibiotic paste subgroups
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except for the doxycycline and amoxicillin with sodium per-
borate groups. Within the limitations of this experimental
study, the whitening effect of the 35 % hydrogen peroxide
was superior to that of the sodium perborate. Therefore, the
second null hypothesis could also be partly rejected. However,

there are no previous studies to use as a reference to compare
the results of bleaching agents on teeth discoloured with
different antibiotic pastes. Lim et al. [16] artificially stained
the teeth using whole blood, and whitened them using differ-
ent bleaching agents. They found that 35 % hydrogen

Fig. 1 Colour changes of the
groups at 30 days after the
placement of the antibiotic pastes.
The different letters show the
statistically significant differences
between the groups (P <.05).
Note: the discolouration exceeded
the acceptability threshold

Fig. 2 Whitening effects of the
bleaching materials according to
various antibiotic pastes at
different time periods. The
whitening on the 8th and 12th
days after the placement of the
bleach material was superior to
the one on the 4th day (P <.001).
There was no statistically
significant difference between the
8th and 12th day measurements
(P=.175). The discolouration
caused by the TAP with
minocycline and cefaclor were
more whitening, compared to the
TAP with doxycycline and
amoxicillin groups (P <.05)
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peroxide was more effective than sodium perborate for
intracoronal bleaching. This result is in agreement with the
results obtained in the present study.

Sodium perborate occurs in the form of mono-, tri- or
tetrahydrate. Although tetrahydrate sodium perborate presents
small amount of active oxygen (10.4 %) compared with the
other forms, it remains active until the changing time [17]. The
high concentration of the bleaching agents promotes faster
and effective tooth bleaching [16]. However, considering the
biological aspects, it is recommended to use the low concen-
tration agent to avoid the damage of dental and periodontal
tissues. But, possible damage can be prevented by using a
correct cervical sealing [18]. When the severe discolouration
caused by TAPs is considered, the use of high concentration of
bleaching agents is more predictable. Previous studies have
conceded that, hydrogen peroxide, especially in combination
with sodium perborate, is very effective for bleaching
discoloured teeth [17, 19]. However, high concentration hy-
drogen peroxide liquid can be very caustic when used as a
bleaching agent [9]. This caustic effect can be more dramatic
in immature teeth, having more widened dentinal tubules in
comparison to mature teeth.

In this study, bovine incisors were used to assess the
discolouration by various antibiotic pastes. Schilke et al.

[20] reported that, the number of dentinal tubules in
bovine coronal dentine did not significantly differ from
the dentine of human teeth. In the present study, we
assessed the coronal discolouration in bovine incisors;
therefore, the results of the aforementioned study suggest
that, bovine coronal dentine may be suitable for the as-
sessment of discolouration [14]. Another reason for the
use of bovine teeth was that the pulp was removed from
the apical aspect; therefore, that was more predictable in
the bovine model.

Previous studies on root canal treatment and
revascularisation treatment have looked into the effects of
antibiotic pastes left in the root canal over various periods
of time [3, 21]. In the previous studies, the pastes were left
in the canal for up to 6 weeks [5, 6, 22, 23]. In this study,
the antibiotic pastes were left in the root canals up to
30 days. After this period, all of the tested antibiotics
induced crown discolouration exceeding the acceptability
threshold.

In a clinical setting, the combination of blood with residual
antibiotic pastes remaining in the canal may have contributed
to staining. In the present study, only the staining after place-
ment of the antibiotic pastes was evaluated. This was the
limitation for this study.

Table 1 Mean whitening values and standard deviation of the bleaching materials according to various antibiotic pastes at 4th, 8th and 12th days

Antibiotic Type Bleaching material 4th day 8th day 12th day

TAP with minocycline Sodium perborate 5.39±1.82 8.63±1.62 9.77±1.67

35 % Hydrogen peroxide 7.80±3.15 14.23±8.74 16.23±11.77

TAP with doxycycline Sodium perborate 3.31±1.18 4.72±2.07 4.66±2.89

35 % Hydrogen peroxide 5.18±1.85 7.97±3.54 8.36±1.70

TAP with amoxicillin Sodium perborate 2.22±0.72 3.58±1.92 4.75±2.74

35 % Hydrogen peroxide 5.36±1.60 7.01±1.48 7.02±1.87

TAP with cefaclor Sodium perborate 3.64±1.61 7.26±2.35 8.45±3.12

35 % Hydrogen peroxide 10.04±2.09 12.11±2.91 12.28±3.42

The acceptability threshold was set to 3.5. The whitening effect of the 35 % hydrogen peroxide was superior to that of the sodium perborate (P=.001).
The whitening on the 8th and 12th days after the placement of the bleach material was superior to the one on the 4th day (P <.001). There was no
statistically significant difference between the 8th day and 12th day measurements (P=.175). The discolouration caused by the TAP with minocycline
and cefaclor were more whitening compared to the TAP with doxycycline and amoxicillin groups (P <.05)

Fig. 3 Representative images of the specimens before (30 days after the
placement of antibiotic pastes) and after the bleaching procedures (on the
12th day) by group. The whitening effect of 35 % hydrogen peroxide on
teeth discoloured by TAPwith minocycline (A-I and A-II). The whitening
effect of sodium perborate on teeth discoloured by TAPwith doxycycline

(B-I and B-II). The whitening effect of 35 % hydrogen peroxide on teeth
discoloured by TAP with amoxicillin (C-I andC-II). The whitening effect
of sodium perborate on teeth discoloured by TAP with cefaclor (D-I and
D-II)
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Conclusion

For the intracoronal bleaching in the teeth discoloured with
antibiotic pastes, 35 % hydrogen peroxide was more effective
than sodium perborate. The whitening effects of both
bleaching agents gradually increased day after day, and the
effects on the 8th and 12th days were superior to the one on
the 4th day. However, there was no statistically significant
difference between the 8th and 12th day measurements.

Conflict of interest The authors declare that there are no conflicts of
interests in writing this article.
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