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ABSTRACT Objective: The goal of this research was to examine the
color changes that occurred after using various versions of triple an-
tibiotic pastes (TAP) and the teeth-whitening effects of sodium perbo-
rate on these colored teeth. Material and Methods: The endodontic
access cavities of thirty extracted bovine incisors were prepared and
then the root canals were enlarged to mimic the immature teeth. The
samples were separated into three groups based on the intracanal an-
tibiotic paste placement, TAP-D: mix of metronidazole, ciprofloxacin,
and doxycycline, TAP-C: mix of cefaclor, metronidazole, and
ciprofloxacin, and TAP-A: mix of amoxicillin+clavulonic acid, metron-
idazole, and ciprofloxacin. The pastes were inserted into the root canals.
After 3 weeks, the pastes were removed. Sodium perborate was placed
into the access cavities for bleaching and replaced every week for 3
weeks. Spectrophotometric measurements were obtained at baseline
and every week for six weeks. The AE value was calculated and ana-
lyzed using a two-way analysis of variance and post-hoc Tukey’s test
(p=0.05). Results: Color changes in the TAP-A were statistically sig-
nificantly higher than the values obtained with TAP-C (p<0.001), and
TAP-D (p<0.001). There was no statistically significant difference be-
tween TAP-C and TAP-D (p>0.05). For every group, the agent’s
bleaching impact was statistically similar (p>0.05). Conclusion: Mix
of amoxicillint+clavulonic acid, metronidazole, and ciprofloxacin
caused more discoloration than the other pastes. Sodium perborate pro-
vided same bleaching effect on all types of paste groups.
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OZET Amag: Bu calismanin amact, gesitli kombinasyonlardaki ticlii
antibiyotikli patlarin (UAP) kullanimi sonrasinda olusan renk degisik-
liklerini ve sodyum perboratin renklenmis disler tizerindeki beyazlatma
etkinliklerini incelemektir. Gere¢ ve Yontemler: Otuz adet ¢ekilmis
s1gir keser disin endodontik giris kavitelerinin preparasyonu yapildi ve
daha sonra kok kanallari olgunlagsmamis disleri taklit edecek sekilde
genisletildi. Ornekler kanal igi antibiyotik pat yerlesimine gére UAP-
D: Metronidazol, siprofloksasin ve doksisiklin karigima, UAP-S: Se-
faklor, metronidazol ve siprofloksasin karigimi ve UAP-A:
Amoksisilin+klavulanik asit, metronidazol ve siprofloksasin karigimi
olmak iizere 3 gruba ayrildi. Patlar kok kanallarna yerlestirildi. Ug
hafta sonra patlar uzaklastirildi. Giris kavitelerine beyazlatma amaciyla
sodyum perborat yerlestirildi ve 3 hafta boyunca her hafta degistirildi.
Spektrofotometrik 6l¢timler baslangicta ve 6 hafta boyunca her hafta
yapildi. AE degeri, iki yonlii varyans analizi ve “post hoc” Tukey testi
kullanilarak hesaplandi ve analiz edildi (p=0,05). Bulgular: UAP-A
grubundaki renk degisikligi, UAP-S ve UAP-D ile elde edilen deger-
lerden istatistiksel olarak anlamli derecede yiiksekti (p<0,001). UAP-
S ve UAP-D arasinda istatistiksel olarak anlamli seviyede fark yoktu
(p>0,05). Her grup igin ajanin agartma etkisi istatistiksel olarak ben-
zerdi. (p>0,05). Sonu¢: Amoksisilintklavulanik asit, metronidazol ve
siprofloksasin karigimi, diger patlara kiyasla daha fazla renk degisikli-
gine neden oldu. Sodyum perborat tiim pat gruplarinda ayni agartma
etkisini sagladu.
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Regenerative endodontic treatment (RET) is an
alternative to conventional endodontic treatment for
immature and necrotic permanent teeth. RET proce-
dure aims to provide root maturation and apical clo-
sure. The main steps of RET are as following: (i)
minimal/no instrumentation of the root canal walls,
(i1) disinfection with irrigation (iii) intracanal medica-
ment usage, (iv) blood clot formation into the root
canal, (v) cervical sealing, and (vi) coronal restora-
tion.!

The disinfection of the canal system is tradition-
ally provided with chemical irrigation solutions and
mechanical instrumentation. However, in RET pro-
cedure instrumentation is not recommended to
weaken the thin root canals of an immature tooth.>?
The higher concentration of sodium hypochlorite
(NaOCl) irrigation is not recommended to prevent the
damage of the stem cells in RET procedure.? There-
fore, the essential disinfection method in RET is in-
tracanal medicament application. A mix of
metronidazole, ciprofloxacin, and minocycline [triple
antibiotic paste (TAP)] is most used antibiotic paste
for RET procedures. Although TAP can achieve a
satisfactory antimicrobial effect, minocycline was
found associated with crown discoloration.* Modified
forms of TAPs containing various antibiotics instead
of minocycline (doxycycline, cefaclor, amoxi-
cillin+clavulonic acid etc.) were developed to elimi-
nate the discoloration effect of antibiotic pastes.>”
The amoxicillin+clavulanic acid, cefaclor and doxy-
cycline had been successfully used in RET proce-
dures.®1°

Teeth discoloration induced by intracanal an-
tibiotic pastes can be whitened by intracoronal oxi-
dizing agents as it is a reliable choice that needs less
treatment time.!! Sodium perborate, hydrogen perox-
ide, and carbamide peroxide had been previously
used for whitening of the discolored immature teeth
that were treated RET procedures.'*!> Sodium perbo-
rate is a common bleaching agent, which is less haz-
ardous and easier to manage than concentrated
hydrogen peroxide solutions.!® The mix of sodium
perborate and distilled water decomposes into sodium
metaborate, hydrogen peroxide, and oxygen and be-
haves as an oxidizing agent.!” Discoloration can be
determined with a variety of techniques such as color

scales, colorimeters, spectrophotometers, and digital
photography. Spectrophotometers are widely used
method in dentistry as they are dependable for de-
tecting tooth color shade. VITA Easyshade® spec-
trophotometer was claimed to be a reliable and
accurate device.'®

Tooth staining after intracanal antibiotic paste
placement is an unfavorable outcome especially in
anterior region, although it can be reversed by intra-
coronal bleaching agents. This in vitro study aimed
to evaluate the discoloration effects of the antibiotic
pastes used in RET procedures [TAP with amoxi-
cillin+clavulanic acid (TAP-A), TAP with cefaclor
(TAP-C) and TAP with doxycycline (TAP-D)] and
to examine whether discoloration can be reversed by
sodium perborate by using VITA Easyshade® spec-
trophotometer. The null hypothesizes of this study
were that (I) there would be no difference among the
antibiotic pastes for tooth discoloration and (II) there
would be no difference for the bleaching effect of
sodium perborate on the paste groups.

I MATERIAL AND METHODS

As aresult of the power analysis performed with the
G-Power program (Version 3.1, Heinrich Heine Uni-
versitat, Diisseldorf, Germany), the number of sam-
ples was determined as 30 samples for 3 groups, 10
per group (effect size=0.25, a=0.05, power=0.95,
number of measurements=6, correlation among re-
peated measures=0.5, nonsphericity correction g=1).
The endodontic access cavities of thirty extracted
bovine incisors were prepared. To ensure that the root
lengths were uniformly 12 mm from the apical fora-
men to the cementoenamel junction, the apical por-
tions of each tooth were sectioned separately. Hand
files up to a #80 K-file and #1-6 peeso-reamer drills
were used to instrument the root canals. Two
milliliters (mL) of 1.5% NaOCI were used for irriga-
tion with every instrument change. For the final irri-
gation regimen, 20 mL of 1.5% NaOCI (5 min), 5 mL
of distilled water, and 20 mL of 17% ethylenedi-
aminetetraacetic (EDTA) were used. After that, paper
points were used to dry the root canals. The samples
were randomly separated into three groups based on
the intracanal antibiotic paste placement, as shown
below:



TAP-D group: The paste contains of equal por-
tions of metronidazole (Sanofi, Istanbul, Tiirkiye),
ciprofloxacin (Biofarma, Istanbul, Tiirkiye), and
doxycycline (Deva, Istanbul, Tiirkiye).

TAP-C group: The antibiotic paste consists of
equal portions of cefaclor (Sanovel, Istanbul,
Tiirkiye), metronidazole, and ciprofloxacin.

TAP-A group: The antibiotic paste consists of
equal portions of amoxicillintclavulonic acid (Glax-
oSmithKline, Istanbul, Tiirkiye), metronidazole, and
ciprofloxacin.

The pastes were prepared by mixing the powder
with distilled water with a powder/liquid ratio of 1
mg/1 mL, and then inserted into the root canals with
a lentulo spiral. The apical openings of the canals
were sealed with a composite resin, and the access
cavities were temporarily filled (Cavit G; 3M ESPE,
Seefeld, Germany). The teeth were kept in storage at
100% humidity and 37 °C. Following a 21-day pe-
riod, 17% EDTA (20 mL, 4 min) and distilled water
(5 mL, 1 min) were used to remove the antibiotic
pastes.

Following the removal of the antibiotic paste, a
2 mm thick glass ionomer cement was applied 1 mm
below the cement-enamel junction. A plastic tool was
utilized to, sodium perborate powder was diluted with
distilled water in a 2:1 ratio and then inserted into the
pulp chamber using a plastic tool. The access cavi-
ties were then temporarily closed (Cavit G; 3M
ESPE, Seefeld, Germany). The bleaching agent in the
access cavity was replaced every week for 3 weeks.
Color measurements on teeth were performed at the
following times: Beginning (T0), every week during
the time that the antibiotic paste waits in the root
canal (T1-T2-T3), and every week that the bleaching
agent is replaced after the removal of the antibiotic
pastes (T4-T5-T6) (Figure 1).

Every week on the same day, at the same time,
measurements were made from the middle third of
the buccal surface of each tooth, in the day light. The
specimens were dried using a blower for three sec-
onds prior to measurement. The spectrophotometer
was calibrated prior to each measurement, and each
was performed three times. Vita EasyShade 5 spec-
trophotometer (VITA Easyshade Compact 5.0, VITA

TAP-D TAP-C TAP-A

=

FIGURE 1: Representative images obtained in discoloration and bleaching periods
for three groups.

TAP: Triple antibiotic paste; TAP-D: TAP with doxycycline; TAP-C: TAP with ce-
faclor; TAP-A: TAP with amoxicillin+clavulanic acid.

Zahnfabrik, Bad Sackingen, Germany) device was
used for color measurement. This device makes the
measurements with system called CIE Lab (L *a * b
*) that means:

L = color lightness and values change on this
scale, from O for black to 100 for white,

a =red (positive values) to green (negative val-
ues),

b = yellow (positive values) to blue (negative
values) color components.



The formula below is utilized to determine the
AFE value of the color difference between two colors:

AE = [(AL*)? + (Aa*)* + (Ab*)?]”. The spec-
trophotometer device was calibrated before measure-
ment procedure as the manufacturer’s instructions.

Statistical analyses were performed using SPSS
21.0 software (SPSS Inc., Chicago, IL, USA). AE
values were calculated and statistical analysis was
performed using two-way analysis of variance and
post-hoc Tukey test. Statistical significance level was
determined as p<0.05. The threshold for human de-
tectability was set at 3.7 units to identify the clini-
cally noticeable differences between measurements.®

I RESULTS

For every group, the AE value indicated a color dif-
ference over all time units (AE>3.7). Color changes
after intracanal antibiotic paste placement were

shown in Table 1 and Figure 2. Color changes in the
TAP-A group were statistically significantly higher
than the values obtained with TAP-C (p=0.000), and
TAP-D (p=0.000). There was no statistically signifi-
cant difference between TAP-C and TAP-D groups
(Figure 1) (p=0.138). Following the administration
of the antibiotic paste, the color change observed at
weeks two and three (T2 and T3) was statistically
similar (p=1) and both were greater than that ob-
served in the first week (T1) (p=0.000 for both
weeks).

Color differences obtained after intracoronal
bleaching agent were shown in Table 1 and Figure 2.
For every group, the agent’s bleaching impact was
statistically comparable (p>0.216). The AE value
achieved at 2% week after intracoronal bleaching
agent placement (T5) was statistically significantly
higher than that was provided at 1% week (T4)

TABLE 1: Mean AE values obtained after intracanal antibiotic paste placement (T1, T2 and T3) and after intracoronal bleaching agent
placement (T4, TS and T6).

Discoloration with antibiotic paste (X+SD)

10.71+4.72
18.87+4.22

™ T2 T3
TAP-D 5.65+3.23 9.87+4.55
TAP-C 5.74+3.71 13.29+4.12
TAP-A 19.62+3.28 28.76+5.20 24.27+5.00

Whitening with bleaching agent (X+SD)

T4 T5 T6
10.83+3.32 13.88+5.60 13.88+5.61
12.18+3.97 18.63+3.26 12.18+3.97
10.27+5.38 12.98+3.18 11.18+5.07

SD: Standard deviation; TAP: Triple antibiotic paste; TAP-D: TAP with doxycycline; TAP-C: TAP with cefaclor; TAP-A: TAP with amoxicillin+clavulanic acid.
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FIGURE 2: Comparison of the measurements between groups after application of (A) antibiotic pastes and (B) bleaching agent.

TAP: Triple antibiotic paste.



(p=0.02). There was no statistically significantly dif-
ference between TS and T6 (p=0.059), and T4 and T6
(p=0.772).

I DISCUSSION

The purpose of the current study was to compare
color changes that occurred following the application
of various antibiotic pastes and the bleaching effects
of sodium perborate on stained teeth. TAP-A pro-
duced more discoloration than TAP-C and TAP-D.
The color changes in TAP-C and TAP-D were com-
parable. For all pastes, sodium perborate had a simi-
lar bleaching effect. Thus, the null hypothesis (I) was
rejected, and the null hypothesis (II) was accepted.

The American Association of Endodontists has
advised using TAP with minocycline in RET proce-
dures.! TAP is mostly used in RET because of its ca-
pacity to remove microorganisms from dentinal
tubules.”® As a component of an intracanal medica-
ment, minocycline has been proven to have a consid-
erable tooth staining impact.?*> Thus, many
antibiotics have been used instead of minocycline to
address aesthetic problems. Alternatives to TAP with
minocycline include modified antibiotic pastes that
use amoxicillin, clindamycin, or cefaclor instead of
the minocycline, as well as double antibiotic pastes
made of ciprofloxacin and metronidazole.?>**

According to the CIE L*a*b* system, AE val-
ues under 3.7 indicate a clinically apparent differ-
ence.® According to the results of this study, the AE
values obtained after intracanal antibiotic paste place-
ments were over 3.7. All the pastes used in this study
provided visible color changes.

Previously, it was shown that TAP with minocy-
cline caused the most discoloration, followed by
TAP-D, TAP-A and the TAP-C, all of which caused
less discoloration.>”” However, in this study, TAP-A
produced greater discoloration than TAP-C and TAP-
D. Fundaoglu Kiiciikekenci et al. used the antibiotic
pastes at a concentration of 0.1 mg/ 1 mL, and the
other studies recorded the final paste concentration
as 3:1 powder/liquid ratio.>’ In this investigation, all
antibiotic pastes were utilized at a dosage of 1 mg/1
mL. The variations in concentration between the
studies could explain for these findings. When com-

pared to higher concentrations, using the antibiotic
pastes at a lower concentration was associated with
more stem cell survival but less antibacterial effi-
cacy.? Due to the liquid-like consistency of antibi-
otic pastes at lower concentrations, carrying the
medicaments into the root canals might be challeng-
ing.? Therefore, in this research, the concentration
was set to 1 mg/1 mL.

The antibiotic paste was left in the root canals
for 3 weeks, in this study. The colors were recorded
at the first, second, and third weeks following the
placements. It was claimed that the antibiotic-induced
discoloration increases over time.® The present study
showed that the color changes at two and three weeks
after antibiotic paste placement were more significant
than those seen in the first week.

There is not a consensus on how whitening pro-
cedures should be practiced.!! Previously, using 35%
hydrogen peroxide, sodium perborate and 37% car-
bamide peroxide were found successful when used
for bleaching of immature teeth after RET procedures
in some in vitro studies.®’**?” The bleaching effect
obtained with 35% hydrogen peroxide was shown to
be greater than that of sodium perborate.” Hydrogen
peroxide 35% had been advised to be used with cau-
tion in bleaching of immature teeth, since it has a
caustic effect.”' In such cases, it is recommended to
use safer whitening agents such as sodium perborate,
instead.” Sodium perborate has been shown to be ef-
fective in whitening the teeth discolored with TAP
with minocycline.'*? The bleaching effect of sodium
perborate was found similar on the teeth with open
or closed apices, also."

In this study, the impact of different antibiotic
pastes on discoloration was assessed using bovine in-
cisors. In a previous study, the tubules in bovine coro-
nal dentin were reported to be similar with that of
human dentin in terms of density or diameter.?
Bovine teeth were previously used for spectrophoto-
metric analysis in simulated immature teeth, as in this
study. 5273031

The absence of blood clot under the coronal bar-
rier materials was a limitation for the current investi-
gation. Red blood cell lysis generates blood
metabolic byproducts, which penetrate into the denti-



nal tubules and cause discoloration.*? Calcium sili-
cate-based cements are generally used for coronal
barrier materials, and these cements’ components,
such as bismuth, aluminum, magnesium, and iron,
also cause discoloration.’>** Mineral trioxide aggre-
gate was previously found to cause more discol-
oration than glass-ionomer cement as coronal barrier
material in RET procedures.?’” The influence of an-
tibiotic pastes on discoloration was the main subject
of this study. It was thought that the use of blood clot
or coronal barrier materials could produce contro-
versial outcomes.

I CONCLUSION

Within the limitations of this study, it was concluded
that TAP-A had a significant contribution to tooth
discoloration compared to TAP-C and TAP-D. The
whitening effect of sodium perborate was similar for

all the groups discolored with these three antibiotic
pastes.
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