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ABSTRACT Aim: We evaluated the degree of crown discoloration induced by two different antibiotic pastes. Methodology: 
Ninety-five extracted human incisors were prepared to size #30. After pulp tissue removal, shaping and irrigation 

procedures, the specimens were randomly divided into two groups (n=45), which received either triple antibiotic paste or minocycline paste 
as intracanal medicament. In five teeth calcium hydroxide was used as a control group. Spectrophotometric readings were obtained on the 
buccal surfaces of the crowns on day 0 to week 4 after dressing, and the differences in color were recorded. Data were analysed with the 
Mann-Whitney U and Wilcoxon sign tests (P < 0.05). Results: Both groups showed statistically significant coronal discoloration from day 0 
to weeks 1, 2, 3 and 4 (P < 0.01), but their final shades did not significantly differ between the groups (P > 0.05). Conclusions: Both antibiotic 
pastes induced crown discoloration, and neither was superior.

INTRODUCTION
The most important success factor in endodontic treatment is to 
obtain a bacteria-free root canal system (1). To disinfect an in-
fected root canal system, the first step is to eliminate the bac-
teria using a chemomechanical preparation. However, this limits 
but does not totally prevent regrowth of endodontic bacteria (2). 
Therefore, the use of intracanal medicaments may also be neces-
sary (1). 

Calcium hydroxide (Ca(OH)2) has antibacterial activity and the 
potential to stimulate the formation of hard tissue, and is con-
sidered the best material among intracanal medicaments (3). It 
can also dissolve organic tissue and shows anti-inflammatory 
effects (4). Its antimicrobial activity, due to its high pH, is deter-
mined by the release of hydroxyl ions. Direct or indirect contact 
in dentinal tubules for an optimal amount of time is required for 
effective destruction of microorganisms (5).

However, clinical studies have shown that it is not possible to 
sterilise root canals in necrotic teeth, even with Ca(OH)2 (6, 7). 
Therefore, new therapeutic agents, such as chlorhexidine and 
antibiotics, and natural products have been suggested as alter-
native intracanal medicaments (8).

The traditional triple antibiotic paste (TAP) consisting of cipro-
floxacin, metronidazole, and minocycline was developed by Ho-
shino et al. (9). Several reports have confirmed the antimicrobial 
properties of this mixture in infected root canals (10-12). Fur-
thermore, Gomes-Filho et al. (13) investigated TAP over various 
experimental periods and found it to be biocompatible. Despite 
these positive features, several case reports have shown that mi-
nocycline causes visible crown discoloration (14, 15).

Spectrophotometers are commonly used in dental studies to 
quantify tooth discoloration (staining or bleaching effects) (16, 
17) and color changes in dental materials such as ceramics (18, 
19), but they have not been used to evaluate color changes pos-
sibly caused by intracanal medicaments containing antibiotic 
pastes.

To the best of our knowledge, no studies have compared the ef-

fects of different antibiotic combinations used as intracanal 
medicaments on crown discoloration. Therefore, we used spec-
trophotometric techniques to assess the coronal discoloration 
potential of traditional TAP and minocycline paste (MP) pre-
pared with saline solution.

MATERIALS AND METHODS
Ninety-five single-rooted human maxillary central incisors with 
single canals were selected, and root surfaces were cleaned 
with curettes to remove remnants of periodontal tissue. They 
were disinfected by immersion in 0.5% Chloramine-T solution 
(Sigma-Aldrich, Taufkirchen, Germany) for 48 h. Standard ac-
cess preparation was carried out using high-speed #2 diamond 
burs (Acurata, Thurmansbang, Germany) and a water spray. The 
pulp tissue was removed, and the working length was estimated 
to be being 1 mm short of the radiological apex. The root ca-
nals were enlarged to size #30 using ProTaper Universal (Dent-
sply Maillefer, Ballaigues, Switzerland) rotary instruments in a 
crown-down technique in combination with a torque-controlled 
engine (Anthogyr; Anthogyr Inc. Sallanches, France) at 250 rpm 
according to the manufacturer’s instructions. The apical por-
tions of the teeth were sealed with composite resin, and the 
outer surfaces of the roots were coated with fingernail varnish. 
The specimens were embedded in an acrylic resin block. The 
root canals were irrigated using 2 mL 5.25% NaOCl between all 
instrument changes. The smear layer was removed by irrigations 
with 10 mL 5.25% NaOCl, 17% EDTA, and 5.25% NaOCl. Then a 
final rinse was performed with 10 mL distilled water. Following 
this procedure, the canals were dried with sterile paper points 
and the teeth were divided randomly into two groups of 45 teeth 
each. Two different intracanal medicaments were used. In Group 
1 (TAP group), the specimens received equal portions of metro-
nidazole (Eczacıbası, Istanbul, Turkey), ciprofloxacin (Biofarma, 
Istanbul, Turkey), and minocycline (Ratiopharm, Ulm, Germany) 
(1:1:1) mixed with saline solution at a powder/liquid ratio of 1:2 
to obtain a creamy paste. In Group 2 (MP group), the specimens 
received equal portions of minocycline mixed with saline solu-
tion at a powder/liquid ratio of 1:2. Five teeth received calcium 
hydroxide as a control group.

The intracanal medicaments were placed into the root canals 
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using a #25 lentulo spiral (MANI, Inc. Tokyo, Japan) at slow 
speed, just below the cemento-enamel junction (CEJ). Then the 
teeth were coronally sealed with a cotton pellet and temporary 
filling material (Cavit, 3M ESPE, Neuss, Germany). All samples 
were stored at 100% humidity in an incubator at 37°C for 4 
weeks in a dark environment.

Color measurements were performed immediately after root ca-
nal preparation (on day 0) and at 1, 2, 3 and 4 weeks after treat-
ment. Thus, each specimen had its own control at each time 
point. A standardised circular strip with a diameter of 5 mm was 
bonded to the buccal surface of the crown 2 mm above the CEJ 
to ensure that color measurement was performed on the same 
region at every turn. Measurements were carried out in the same 
room and same lighting conditions each time to achieve stand-
ardisation. The color of each specimen was assessed using a 
spectrophotometer (VITA Easyshade, Bad Säckingen, Germany) 
on the buccal surfaces of the crown. Before each measurement, 
the spectrophotometer was calibrated according to the manu-
facturer’s instructions. The color measurements were performed 
three times at each time point on a white background, and the 
mean was calculated. We analysed the discoloration measured 
on day 0 and at weeks 1, 2, 3 and 4 for each tooth. Differences 
in shade were determined by the VITA Toothguide 3D-Master 
scale.

Statistical analyses were performed using the IBM SPSS Statis-
tics 22 (IBM SPSS, Istanbul, Turkey) software. Intergroup com-
parisons were performed using the Mann-Whitney U test, and 
the Wilcoxon sign test was performed to identify significant dif-
ferences between the groups. The level of significance was set at 
P < 0.05.

RESULTS
Coronal discoloration was observed in each group over time; 
however, color shade did not significantly differ (P > 0.05) be-
tween the groups at any time point (Table 1). Within each 
group, there was statistically significant (P < 0.01) discolora-
tion between day 0 and weeks 1, 2, 3 and 4; between week 1 and 
weeks 2, 3 and 4; between week 2 and weeks 3 and 4; and be-
tween weeks 3 and 4. The TAP group showed slightly more (but 
non-significant) discoloration on weeks 1, 3 and 4 than the MP 
group. The MP group had slightly more discoloration on week 2. 
In the control group, teeth filled with calcium hydroxide, no dis-
coloration was observed.

Table 1. Evaluation of discoloration in each study group 
over time (VITA Toothguide 3D-Master scale).

TAP MP
pMean ± SD (me-

dian)
Mean ± SD (me-
dian)

Week 1 1.84 ± 1.02 (2) 1.58 ± 0.54 (2) 0.529
Week 2 2.98 ± 1.64 (2) 3.24 ± 1.54 (2) 0.344
Week 3 4.47 ± 1.53 (5) 4.33 ± 1.49 (5) 0.797
Week 4 5.36 ± 1.49 (6) 5.29 ± 1.25 (6) 0.760
Weeks 1–2 1.13 ± 1.18 (1) 1.67 ± 1.71 (1) 0.338
Weeks 1–3 2.62 ± 1.42 (3) 2.76 ± 1.65 (3) 0.669
Weeks 1–4 3.51 ± 1.32 (4) 3.71 ± 1.44 (4) 0.355
Weeks 2–3 1.49 ± 1.34 (1) 1.09 ± 1.4 (1) 0.136
Weeks 2–4 2.38 ± 1.39 (2) 2.04 ± 1.76 (2) 0.316
Weeks 3–4 0.89 ± 0.96 (1) 0.96 ± 1.3 (0) 0.705

Mann-Whitney U Test

DISCUSSION
Bacteria play an important role in pulpal and periapical infec-
tions. They can exist both within the root canal and in other 
regions such as the dentinal tubules, accessory canals, canal 
ramifications, apical deltas, fins, and transverse anastomoses 

(20). However, during mechanical instrumentation and irrigation 
procedures, it is impossible to access these areas. Therefore, me-
dicaments should be used to eliminate the bacteria in these in-
accessible areas. Ca(OH)2 is the most commonly used and most 
popular endodontic medicament in the world (8). However, its 
low solubility and diffusibility could limit its ability to rapidly in-
crease the pH to the level necessary to eliminate bacteria within 
the dentinal tubules (8, 21). Hence, new-generation intracanal 
medicaments have been investigated. One of the most promising 
agents is TAP.

TAP has been widely used in routine endodontic therapy, regen-
eration cases, persistent cases with periradicular lesions, and 
root resorptions since it was developed by Sato et al. (1996) (10, 
22). However, it also has some disadvantages; for example, it is 
difficult to remove from the root canal (23, 24), there is uncer-
tainty about the optimal mixing ratio, and it can lead to tooth 
discoloration (25).

Crown discoloration during endodontic therapy is a major aes-
thetic problem, especially for anterior teeth. Root canal obtura-
tion materials and intracanal dressing materials are the ma-
jor causes of discoloration. Lenherr et al. (25) investigated the 
discoloration potential of endodontic materials such as white 
MTA, Portland cement, Ca(OH)2, TAP, Ledermix paste, AH Plus 
and blood using a bovine tooth model for a 1-year time period. 
Discoloration was observed mostly in the TAP and Ledermix 
groups. It is unknown whether the cause of this discoloration 
was the combination of antibiotics used or one of the antibiotics 
individually. Akçay et al. (12) observed the crown discoloration 
of bovine incisors that was induced by TAP and TAP derivatives 
including doxycycline, amoxicillin, and cefaclor instead of mino-
cycline. TAP with minocycline, doxycycline, and cefaclor induced 
more discoloration compared to a control group that received 
no dressing. However, all of the procedures, including the remov-
al of pulp tissue, irrigation, placement of antibiotic pastes, and 
placement of the cotton pellet and temporary filling material, 
were performed from the apical aspect to avoid disruption of the 
intact crown and to prevent coronal microleakage. Because an 
intact crown will affect the chroma and the color of the tooth, 
this method does not reflect routine endodontic treatment.

In light of the previous studies, tetracycline is proven to be the 
mostly responsible antibiotic for the discoloration of the den-
tin structure (14, 26). These materials were used in the present 
study which was aimed to investigate if minocycline caused 
more discoloration than TAP when used alone in the root canal. 
However our results were not statistically significant. 

In studies that have compared tooth discoloration caused by 
endodontic materials, removal of the smear layer has created 
a paradox (17, 27): it facilitates the penetration of the material 
into the dentin tubules but causes more severe tooth discolora-
tion. However, in routine root canal therapy, the smear layer 
should be removed to disinfect the root canal and prevent rein-
fection. For this reason, we removed the smear layer using both 
EDTA and NaOCl together in the present study.

The best time to observe tooth coloration depends on many fac-
tors such as the thickness of the remaining dentin, presence of 
the smear layer and the quality and quantity of the sealer (16). 
In the present study, crown discoloration was measured imme-
diately after placement and at weeks 1, 2, 3 and 4, similar to a 
previous study (12). Hence, each specimen had its own control. 
In addition, the coloration process could be observed at each 
time point.

We attempted to minimise potential errors by performing each 
measurement three times. In addition, measurements were car-
ried out by the same operator. All specimens were stored in the 
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same dark environment to mimic the human mouth. A stand-
ardised circular strip was bonded to the buccal surface of the 
crown 2 mm above the CEJ to ensure that the spectrophotomet-
ric readings were performed on the same region at all times.

Tooth color can be measured in several ways including via visual 
assessment (e.g. digital image analysis) and using instruments 
such as colorimeters, chromameters and spectrophotometers 
(28). Kim et al. (14) used a colorimeter method to measure color 
changes and reported that only minocycline, among the compo-
nents of TAP, caused discoloration of teeth. Our results support 
that claim. Spectrophotometers have been used in dental studies 
not only to measure tooth coloration but also to measure meta-
merism and spectral reflectance at each wavelength (25, 28, 29, 
30). Thus, we preferred to use a spectrophotometer rather than a 

colorimeter to measure the color changes in our specimens.

Our results indicate that both antibiotic pastes cause tooth dis-
coloration and this discoloration advances over time.

CONCLUSION
Antibiotic pastes used as intracanal medicaments can stain 
teeth. In the present study, both antibiotic pastes tested TAP 
and MP, induced crown discoloration. When considering the use 
of these medicaments, biological, functional aspects and aes-
thetic considerations should be taken into account.
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