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Abstract 

 

Title: Antibacterial Efficacy and Discoloration Effect of a Novel Intracanal Antibiotic 

Dressing 

Turky AlSaeed, Master of Science, 2015��� 

Directed by: Ashraf F. Fouad BDS, DDS, MS  

 

Various antibiotics have been used an intracanal medicaments for endodontic therapy. 

Although some of them are effective, they have unfavorable effects such as coronal 

discoloration and cytotoxicity of stem cells.  However, there is a gap in knowledge 

regarding the potential discoloration effect of different concentrations of antibiotics as an 

intracanal medicament as well as their efficacy as intracanal medicaments. Thus, the aims 

of this study were 1) to determine, in vitro, the minimum bactericidal concentration 

(MBC) and minimum inhibitory concentration (MIC) of Augmentin, tigecycline, and 

triple antibiotic mix (TAP) (Metronidazole, ciprofloxacin, and minocycline) against 

selected common endodontic pathogens, 2) to determine, ex vitro, the antibacterial 

efficacy of Augmentin, tigecycline, and TAP at different concentrations using a slow 

release hydrogel scaffold, and 3) to evaluate, ex vitro, the potential discoloration effect of 

these antibiotics compared to TAP at high concentration (1 g/mL). Methods: A biofilm 

of F. nucleatum, P. gingivalis, S. intermedius, and E. faecalis were grown in extracted 

single rooted teeth in an anaerobic condition for three weeks. TAP (1g/ml), as well as 

TAP, Augmentin, and tigecycline all at different concentrations (0.1 mg/ml and 1mg/ml) 

were incorporated into a slow release degradable hydrogel scaffold and used as intracanal 



medicaments. One group received no antibiotics (Control group). Antibacterial efficacy 

was evaluated using colony forming unit (CFU) counts. Coronal discoloration was 

evaluated spectrophotometerically 1, 2 and 3 weeks after treatment with antibiotics 

groups. ANOVA followed by Tukey’s HSD tests were used for statistical analysis. 

Results: All samples from the control group (no antibiotics) showed a bacterial growth. 

Significant differences were found when comparing the log 10 CFUs of the seven 

experimental groups (p ≤ .0005). The mean CFUs for 1mg concentration group were 

significantly lower than the control group and 0.1 mg/ml concentration antibiotics 

groups. TAP at 1g/ml concentration group resulted in no bacterial growth. There were no 

significant differences in CFUs between TAP (0.1 mg/ml), Tigecycline (0.1 mg/ml), and 

Augmentin (0.1 mg/ml) and no significant differences in CFUs between TAP (1 mg/ml), 

Tigecycline (1 mg/ml), Augmentin (1 mg/ml) and TAP (1g/ml). 	   For the one-week 

coronal color change, teeth treated with Augmentin at 0.1 mg/ml and 1mg/ml 

concentrations had significantly lower color change than the other five experimental 

groups. On the other hand, teeth treated with TAP at 1g/ml concentration had 

significantly higher color change than other groups. (p ≤ .0005). At 2 weeks post-

treatment, Augmentin at 1 mg/ml concentration had the lowest color change followed by 

TAP and Tigecycline at 1 mg/ml. Teeth treated with TAP at 1 g/ml concentration had 

higher coronal color change compared to other antibiotics groups. (p <.0005). Similarly, 

at 3 weeks post-treatment, Augmentin at 1 mg/ml concentration had the lowest color 

change followed by Tigecycline and TAP at 1 mg/ml. teeth treated with TAP at 1g/ml 

concentration had significantly higher color change than other groups. (p <.0005).  At all 

time periods, TAP at high concentration (1g/ml) resulted in the highest coronal color 



change compared to other antibiotics groups. (p ≤ .0005). Conclusion: TAP at high 

concentration (1g/mL) was the most efficacious antibiotic against common endodontic 

bacteria biofilms. However, it resulted in the highest discoloration of teeth structure. On 

the other hand, TAP, Augmentin and tigecycline at low concentration (1 mg/ml) reduced 

bacterial growth significantly with minimum teeth color change when applied for 1 week.  
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Introduction 

 

Treatment of immature necrotic teeth is a challenge in endodontics. The discontinued 

development of the root after the pulp necrosis can lead to a weak root structure with thin 

dentinal walls, which makes the tooth susceptible to fractures.(1) Traditionally, multiple 

visit apexification with calcium hydroxide was the treatment of choice in necrotic 

immature teeth, which would induce formation of an apical hard tissue barrier.(2) 

Although this approach was predictable and successful, long-term use of calcium 

hydroxide has several disadvantages such as multiple treatment appointments, probable 

recontamination of the root canal system, and increased brittleness of root dentin that 

might increase the risk of cervical root fractures.(3) As an alternative to this approach, 

apical barrier technique using mineral trioxide aggregate (MTA) was introduced.(4) 

Although this technique has a reasonable success rate in terms of healing of periradicular 

disease (5), none of the aforementioned treatment approaches end up with continuation of 

root development and strengthening of the root structure, and therefore, the long-term 

structural integrity of the teeth are not known. 

 

The concept of induction of hard tissues into pulpless open-apex teeth has been shown in 

animal model decades ago using resorbable collagen-calcium phosphate gel substrate. (6, 

7)  Recently, a new regenerative endodontic approach has been introduced which is 

aimed to regenerate the pulp-dentin complex and induce root development in immature 

necrotic teeth.(8) The treatment promotes the transportation of stem cells of apical papilla 
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(SCAP) into the pulp space, to mediate the revitalization and mineralization to continue 

the root development process.(9)  

 

The recently introduced technique for regenerative endodontic treatment has three 

separate steps. The first step is root canal disinfection. The most accepted technique for 

disinfection of root canal space is irrigation of the root canal space with sodium 

hypochlorite (NaOCl) in the first visit and then dressing the root canal with a mixture of 

three antibiotics (triple antibiotic paste).(10) The triple antibiotic paste (TAP) includes 

equal mixture of ciprofloxacin, metronidazole, and minocycline.(11) A recent review has 

shown that this disinfection protocol is successful in terms of healing of periradicular 

disease.(12) The second step in the treatment protocol is preparing the root canal space 

with a scaffold. Most of the clinicians induce a blood clot inside the root canal space by 

introducing an instrument into the periapical tissues and initiate bleeding into the root 

canal. The blood clot acts as a protein rich scaffold (8), and also brings SCAP into the 

root canal space.(13) The third step is placing a tight coronal seal on the orifice of the 

root canal space with a biocompatible tricalcium silicate material interface. There are 

several studies that showed successful clinical outcomes for aforementioned disinfection 

protocol used for regenerative endodontic treatments.(14)  

However, there are several issues with the recent regenerative endodontic disinfection 

protocol.(12) One of the serious issues is discoloration of the crown after treatment. It has 

been shown that TAP causes the highest level of discoloration of different endodontic 

materials.(15) The discoloration resulted from TAP dressing is caused by 

minocycline.(16) In an effort to reduce the discoloration potential of triple antibiotic 
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paste, Reynolds et al (17) suggested sealing the dentinal walls of the access cavity with 

composite resin before placement of the antibiotic paste. This method was evaluated by 

Kim and coauthors (16) and they doubted the effectiveness.  

Histological studies on outcome of regenerative endodontic treatments on immature 

necrotic teeth in animal models revealed that the present protocol could not regenerate 

the pulp-dentin complex. The outcomes of these studies have shown that the vital tissue 

inside the root canal space would be a PDL-like connective tissue with bony islands. In 

addition, the hard tissue produced on dentinal walls was cementum-like tissue.(18, 19) 

The other finding in these studies was presence of inflammation in almost all of the 

specimens.(19, 20)  

The toxicity of TAP has become a concern in recent literature. A study by Ruparel et al 

(21) revealed that TAP is extremely toxic to SCAP even in a concentration 10 times 

lower than what is being used clinically. In the this study they showed that the 

concentration leading to death of 50% of the cells was in the range of 1 to 6 mg/mL; and 

a concentration of 0.1 mg/mL or less resulted in 100% survival of SCAP, while the 

currently used clinical technique to prepare TAP in a creamy consistency would be 

approximately 1000 mg/mL which is highly toxic to SCAP. Therefore the ideal antibiotic 

for endodontic regenerative procedure is one that is most effective at these low 

concentrations. 

All in all, the studies have shown that although the present disinfection protocol in 

regenerative endodontic treatment is reliable in terms of bacterial reduction and 

periradicular healing, it is related to several negative outcomes.  
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In this research, we propose the evaluation of antibacterial efficacy and discoloration 

effect of different antibiotic concentrations in a novel delivery method. 

 

 

 

 

Review of the Literature 

The most frequent cause of pulpal inflammation and necrosis is infection by 

microorganisms. In 1965, Kakehashi and colleagues (22) reported on their investigation 

of exposed pulps that, exposed pulps in germ-free rats were capable of healing even when 

the pulps were not sealed and no medications were used. However, in conventional rats in 

which bacteria invaded the pulp, pulpal inflammation and necrosis occur.(22) In 1981, 

Moller and coauthors (23) confirmed that microorganism is essential for periapical 

lesions development. In that animal study, the pulps of 78 monkeys’ teeth were 

aseptically necrotized. Twenty-six of the pulp chambers were kept bacteria-free by 

sealing, while 52 were infected by the indigenous oral flora.  They showed that non-

infected necrotic pulp tissue did not induce inflammatory reactions in the apical tissues. 

However, teeth with infected pulp tissue showed inflammatory reactions clinically and 

radiographically. They also showed that, facultative anaerobic streptococci, coliform rods 

and obligate anaerobic bacterial strains were most frequently found. (23)  

Since that time, several microbial studies investigated the microorganisms of the primary 

and secondary pulpal infection. In 1997, Goff and coauthors (24) evaluated the 

microbiota of necrotic pulp. A total of 84 strains were isolated from root canals of 
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necrotic pulps. The number of species isolated per tooth varied from 2 to 8 species. In 

addition, the results of this study showed that 81% were anaerobic bacteria and the most 

commonly represented species were Bacteroides gracilis, Propionibacterium acnes, 

Fusobacterium nucleatum, Prevotella buccae and Eubacterium lentum. (24)  

Lane and colleagues in 2001 analyzed the microbiology of root canals with pulp necrosis. 

Microorganisms recovered from the root canals were obligate and facultative anaerobes, 

microaerophilic bacteria and yeasts. The most frequent genera found in this study were 

Prevotella, Fusobacterium, Lactobacillus, Streptococcus, Clostridium and 

Peptostreptococcus for bacteria and Candida and Saccharomyces for yeasts. Furthermore, 

the results of this study showed strong positive associations were found between 

Clostridium and Prevotella and between Peptostreptococcus and Fusobacterium. (25) In 

2004, Gomes and coauthors (26) conducted a microbiological investigation of primary 

and failed (secondary) infected root canals and found 56 different bacterial species 

isolated from root canals of infected teeth. Furthermore, individual root canals yielded a 

maximum of 10 bacterial species. Of the bacterial isolates, 70% were either strict 

anaerobes or microphilic. The anaerobes most frequently isolated were: 

Peptostreptococcus micros (35%), Fusobacterium necrophorum (23.3%), Fusobacterium 

nucleatum (11.7%), Prevotella intermedia/nigrescens (16.7%), Porphyromonas 

gingivalis (6.7%) and Porphyromonas endodontalis (5%). In addition, the results of this 

study showed that the root canal microflora of untreated teeth with apical periodontitis 

were found to be mixed, comprising gram-negative and gram-positive and mostly 

anaerobic microorganisms and usually containing more than 3 species per canal.(26)  

Those bacteria causing endodontic infections are organized in biofilm structures, which 
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are complex microbial communities. Biofilm development process begins with the initial 

attachment of planktonic bacteria to a surface, leading to a mature, structurally 

complex biofilm. It has been showed that E. feacalis biofilm formation and maturation 

process takes three weeks in a dentin model. (27) 

Therefore, disinfection of root canal space is considered a critical step for successful 

endodontic therapy.  

There is no definitive evidence in the literature that mechanical instrumentation alone 

result in a bacteria-free root canal system. In addition, there is evidence that mechanical 

instrumentation alone leaves significant areas of untouched root canal walls. (28)  

Different types of irrigants and irrigation techniques have been used for root canal 

disinfection including sodium hypochlorite (NaOCl), Chlorhexidine (CHX), 

Ethylenediaminetetraacetic acid (EDTA), and others. However, total elimination of 

bacteria from root canal system is difficult to attain(29). Thus, various intracanal 

medicaments have been used in addition to chemomechanical disinfection to help in 

eliminating surviving bacteria between visits.(30) 

 

Antibacterial efficacy of intracanal antibiotics 

Intracanal medicaments are defined as a chemical agent sealed within the root canal 

system; used between appointments as an anodyne and/or antimicrobial agent.  

Antibiotics were first discovered in 1928 by Alexander Fleming, a Scottish biologist, 

with his discovery of the penicillin, but were not routinely used clinically until the early 

1940’s during war world II. In the mid 1940’s, Raiziss and Libby used penicillin for the 
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first time as a root canal dressing material. Since that time, various antibiotics have been 

used topically in the root canal spaces until today. 

 
Sulfonamides  

Sulfonamides are sulfur-containing chemical that work by disrupting the production of 

dihydrofolic acid, a form of folic acid that bacteria and human cells use for producing 

proteins. In 1945, Grossman evaluated sulfonamides as an intracanal medicament and 

they were less efficacious than other intracanal medicaments. (31) 

 

 

Poly antibiotics paste.  

In 1951, Grossman (32) introduced a combination of antibiotics called (Poly antibiotic 

paste), which consists of a mixture of penicillin, Bacitracin, streptomycin, and caprylate 

sodium. Penicillin used to interferes with cell wall synthesis of gram-positive bacteria 

and a few gram-negative anaerobes. Bacitracin is bactericidal against gram-positive 

bacteria and was included to target bacteria resistant to penicillin. Streptomycin is 

bacteriostatic agent used against gram-negative facultative anaerobes. And sodium 

caprylate is used as an antifungal agent. (32) 

 

Ledermix 

In 1960, Schroeder and Triadan introduced Ledermix as a new method by mixing an 

antibiotic with corticosteroid as a root canal space dressing material.(33) Ledermix paste 

is a combination of 3.2 % Demeclocycline HCl and 1% Triamcinolone acetonide. In 
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1962, Ledermix was commercially available in Australia by Lederle Pharmaceuticals. 

The diffusion ability of Ledermix as a root canal medicament has been evaluated in vitro 

and showed that Ledermix was capable to diffuse through dentinal tubules and cementum 

to reach the periodontal and periapical tissues (34, 35), and showed the ability of 

disinfection of dentinal tubules. (36) 

In addition to its antimicrobial and diffusion ability, Ehrmann et al 2003 (37), evaluated 

the post-operative pain of cases treated with Ledermix compared to calcium hydroxide. 

The results of this clinical study showed that Ledermix does reduce postoperative pain 

significantly more than calcium hydroxide when used as intracanal dressing between 

endodontic therapies visits.(37) 

Clindamycin  

Clindamycin is a potent bactericidal antibiotic that binds to the 50S ribosomal subunit 

and interferes with protein synthesis. Clindamycin was first approved by the Food and 

Drug Administration (FDA) in 1970. In 1990, Molander and Dahlen (38) evaluated the 

efficacy of clindamycin paste as a root canal dressing material in the root canal spaces of 

teeth with necrotic pulps and periapical radiolucency and compared it to calcium 

hydroxide as a control group. The results of this study showed that clindamycin is 

efficacious as a root canal dressing material but offered no advantage over conventional 

root canal dressing materials, such as calcium hydroxide. Therefore it is not 

recommended for use as intracanal medicament in routine endodontic therapy. (38)  

In 1999, Gilad and coauthors (39) evaluated the efficacy of clindamycin-impregnated 

Ethylene vinyl acetate (EVA) fibers with approximate dose of 0.2 mg of clindamycin/mm 

fiber as a root canal medicament against common endodontic pathogens. In this study, 
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clindamycin fibers were most effective against P. intermedia, less effective against F. 

nucleatum. However, Clindamycin fibers were not effective against P. micros.(39) 

 

 

Tetracycline and erythromycin  

In 2003, Molander and Dahlen (40) evaluated the antimicrobial treatment with calcium 

hydroxide in combination with either erythromycin or tetracycline. They showed that, the 

calcium hydroxide in combination with either erythromycin or tetracycline had a 

significant effect on enterococci, but the overall antimicrobial effect was relatively weak. 

In addition, erythromycin had a superior performance over tetracycline, especially in 

cases of pure cultures of enterococci. (40) 

 

MTAD 

MTAD is a mixture of Doxycycline (3%), citric acid (4.25%) and Polysorbate 80 (0.5%) 

as a detergent.  MTAD were shown to be effective to remove the smear layer within the 

root canal system. (41) In a Randomized Double-blinded Clinical Trial, Malkhassian and 

coauthors evaluated the efficacy of MTAD as a microbial agent for root canal therapy. 

The microbial analysis showed that, the final rinse with MTAD and medication with 

calcium hydroxide did not reduce bacterial counts beyond levels achieved by canal 

preparation with NaOCl.(42) 
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Triple Antibiotics Paste 

The triple antibiotic paste (TAP) was first introduced by Hoshino and colleagues in 

1996.(11) TAP includes equal mixture of ciprofloxacin, metronidazole, and minocycline. 

Hoshino and coauthors evaluated the effect of triple antibiotic paste with and without the 

addition of rifampicin, on bacteria taken from infected dentine of root canal walls. The 

results of this study showed that, Bacterial recovery was significantly decreased (P < 

0.0001) to zero in the presence of the mixture of ciprofloxacin, metronidazole and 

minocycline (3Mix) at a concentration of 25 or 50 mg/ml. The addition of rifampicin did 

not add antimicrobial effect when added to ciprofloxacin, metronidazole and 

minocycline.(11) In 2005, Windley and coauthors (43) assessed the efficacy of triple 

antibiotics paste in the disinfection of root canals of dog’s teeth with periapical lesions. 

This study revealed that, after irrigation with 1.25% NaOCl, 10% of the root canals 

samples cultured bacteria-free with an overall mean CFU count of 1.4 × 104. However, 

after root canal medication with 20mg/ml of triple antibiotic paste, 70% of the samples 

did not have cultivable bacteria with an overall mean CFU count of only 26. Reductions 

in mean CFU counts between NaOCl and triple antibiotic paste were statistically 

significant. These results indicate the effectiveness of a triple antibiotic paste in the 

disinfection of immature teeth with apical periodontitis.(43) In 2014 Ordinola-Zapata et 

al (44) evaluated the antimicrobial activity of triple antibiotic Paste, 2% Chlorhexidine 

gel, and calcium hydroxide on an intraoral-infected dentin biofilm model on bovine teeth. 

Their findings showed that teeth treated with TAP had significantly lower percentage of 

live cells in comparison with the 2% Chlorhexidine gel and calcium hydroxide groups in 

the immediate and secondary (after 24 hours) evaluations. (44) 
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Intracanal medicaments for regenerative endodontics 

Regenerative endodontic therapy has become a viable alternative in the treatment of 

immature teeth with pulpal necrosis. The regenerative endodontic approach has been 

introduced which is aimed at regenerating the pulp-dentin complex and inducing root 

development in immature necrotic teeth. Disinfection of the pulp space and complete 

absence of bacteria is critical for successful regenerative endodontic procedure.(45) 

Triple antibiotic paste (ciprofloxacin, metronidazole, and minocycline) is the most 

currently used intracanal medicament in regenerative endodontic therapy.(11) In 2004, 

Banchs and Trope (10) published the first case report of regenerative endodontics in 

which they used triple antibiotic paste for their disinfection of the root canal space. 

However, although triple antibiotic paste is effective as a root canal medicament it has 

some unfavorable side effects. 

 

Side Effects of intracanal antibiotics  

Triple antibiotic past has been associated with various side effects when used topically as 

a root canal dressing material. Side effects include; discoloration of teeth structures (15, 

16), cytotoxicity to stem cells (21, 46), and weakening of tooth structure. (47, 48)  

The discoloration effect of triple antibiotic paste was evaluated in variable studies. In 

2010, Kim and colleagues (16) conducted an ex vivo experiment with human extracted 

teeth to evaluate the discoloration effect of the triple antibiotic paste components and 

showed that only minocycline caused teeth discoloration.(41) In 2011, Lenherr et al (15) 

evaluated the discoloration effect of various root canal space dressing materials that 

include TAP, Ledermix, gray MTA with and with out blood, white MTA with and with 
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out blood, Portland cement, AH plus and calcium hydroxide. The findings of this study 

showed that triple antibiotics paste had the highest color change (ΔE= 66.2 ± 9.9) while 

calcium hydroxide resulted in very low color change (ΔE= 4.7 ± 1.5). (15)  

In a recent in vitro study, Akcay and coauthors (49) compared the effect of the different 

antibiotic combinations used for regenerative procedures on crown discoloration using 

extracted bovine incisors. The results of this study showed that triple antibiotic paste with 

minocycline, doxycycline, and cefaclor induced a significant crown discoloration. On the 

other hand, the same study showed that calcium hydroxide, and double antibiotic paste 

with no minocycline showed no color changes exceeding the perceptibility threshold.(49) 

In 2014, Nagata et al (50) conducted a prospective clinical evaluation to compare triple 

antibiotic paste (TAP) and the combination of calcium hydroxide and 2% Chlorhexidine 

gel (CHP) as intracanal medications for pulp revascularization in traumatized teeth and 

evaluated their discoloration effect. Upon evaluation, TAP showed significant crown 

discoloration than calcium hydroxide and 2% Chlorhexidine gel. Recently, Marciano et al 

evaluated the color change induced by triple antibiotic paste in comparison to Portland 

cement, and white MTA in bovine teeth structure.(51) The color analysis showed that 

teeth treated with TAP have a significant teeth discoloration compared to MTA and 

Portland cements. 

Cytotoxicity of antibiotics 

In addition to discoloration effect, triple antibiotic paste and other antibiotics have been 

shown to be cytotoxic to stem cells from apical papilla (SCAPs). In 2012, Ruparel and 

colleagues (21) conducted an in vitro study to evaluate the cytotoxicity of various 
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concentrations of commonly used intracanal medicaments that includes TAP, DAP 

(metronidazole and ciprofloxacin), modified TAP (ciprofloxacin, metronidazole and 

cefaclor), Augmentin, and calcium hydroxide on SCAPs. The findings of this study 

revealed that all four antibiotics significantly reduced SCAP survival in a concentration- 

dependent manner and resulted in 0% survival of SCAPs when used at 100 mg/ml 

concentration. However, antibiotics used at 1 mg/ml concentration resulted in 50% 

survival of SCAPs, and 100% of SCAPs survived when antibiotics used at 0.1 mg/ml or 

lower concentrations. On the other hand, calcium hydroxide application using the same 

methodology resulted in proliferation of SCAPs. The results of this study were followed 

by changes in the regenerative endodontics clinical protocol.(21) In 2014, Althumairy et 

al (46) evaluated the indirect effect of TAP, DAP, and calcium hydroxide on the survival 

of SCAP in a dentin disk model. The findings of this study showed that, exposure of 

dentin to TAP and DAP at 1000 mg/mL resulted in no viable SCAP, whereas 1 mg/mL 

had no adverse effect on cell viability. In contrast, calcium hydroxide promotes SCAP 

survival & proliferation significantly.(46) 

In addition to previously mentioned unfavorable effects, triple antibiotic paste has been 

shown to weaken the tooth structure (47, 48). In 2013, Yassen and coauthors (48) 

evaluated the effect of triple antibiotic paste and double antibiotic paste (Metronidazole 

and ciprofloxacin) on the microharness of root dentin and showed that intracanal 

application of TAP and DAP caused significant and continuous decrease in root dentine 

microhardness after one (P< 0.05) and 3 months (P< 0.001), and resulted in a significant 

reduction of the root fracture resistance. The same authors investigated the effect of triple 

antibiotic paste and double antibiotic paste and calcium hydroxide on the chemical 
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structure of radicular dentin.(47) It was shown that calcium hydroxide treated dentin and 

4-week treated dentin with TAP and DAP had significantly lower phosphate/amide I 

ratios which suggests a superficial collagen degradation of radicular dentin by calcium 

hydroxide and demineralization of radicular dentin by TAP and DAP.(47)  
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Specific Aims of the study 

Aim 1: To determine, in vitro, the minimum bactericidal concentration (MBC) and 

minimum inhibitory concentration (MIC) of Augmentin, tigecycline, ciprofloxacin, 

metronidazole and minocycline against selected common endodontic pathogens. 

Aim 2: To determine, ex vivo, the antibacterial efficacy of Augmentin, tigecycline, and 

TAP at low concentrations (0.1 mg/mL and 1 mg/ml) using a novel slow release scaffold 

compared to TAP at high concentration (1 g/mL). 

Aim 3: To investigate, ex vivo, the discoloration potential of Augmentin, tigecycline, and 

TAP at low concentrations (0.1 mg/mL and 1 mg/ml) after 1 week and compare it to TAP 

at high concentration (1 g/mL). 

 

Research hypothesis 

Hypothesis 1: MICs and MBCs of Augmentin, tigecycline, ciprofloxacin, metronidazole 

and minocycline will be lower than 0.1 mg/ml. 

Hypothesis 2: Augmentin, tigecycline, and TAP will effectively disinfect the root canals 

of extracted teeth at a very low concentration levels 

Hypothesis 3: Low concentrations of Augmentin and tigecycline will discolor the tooth 

crown less than TAP.  
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Materials and Methods 

These in vitro and ex vivo experiments were conducted at the University of Maryland 

Dental School.  

 

Determining MICs and MBCs (in vitro)  

Four common endodontic pathogens were selected for the study and purchased as follow; 

Enterococcus faecalis – ATCC 4083, Streptococcus intermedius – ATCC 31412, 

Fusobacterium nucleatum – ATCC 49256, Porphyromonas gingivalis – ATCC 33277.  

Microrganisms were cultured in their specific broth as recommended by ATCC as follow; 

Enterococcus feacalis was cultured in brain heart infusion (BHI) broth, Streptococcus 

intermedius was cultured in Todd Hewitt broth, Fusobacterium nucleatum was cultured 

in chopped meat broth and Porphyromonas gingivalis was cultured in tryptic soy broth 

supplemented with hemin and vitamin K. The obligate anaerobic microorganism 

(Streptococcus intermedius, Fusobacterium nucleatum, Porphyromonas gingivalis) were 

incubated in an anaerobic chamber (Mini-MACS, Microbiology international, USA) in 

10% CO2, 5% H2, and 85% N2 at 37 °C, and E. faecalis was incubated then in aerobic 

chamber. 

The minimum bactericidal concentration (MBC) and minimum inhibitory concentration 

(MIC) of Augmentin, tigecycline, ciprofloxacin, metronidazole and minocycline were 

determined against selected common endodontic pathogens using E-test method as 

prescribed in a previous study (52).  

Each strain of bacteria was grown to turbidity of 1.0 McFarland density using a 

spectrophotometer. Anaerobes bacteria were then streaked on blood-agar plates (CDC 
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Formulation; Thermo Fisher Scientific Inc, Pittsburgh, PA) and E. faecalis was streaked 

on BHI agar plates to obtain a confluent growth. E-test strips (Etest®, bioMérieux, USA) 

of tested antibiotics were then placed on the agar plates surface (Figures 1 and 2). Blood-

agar plates with E-test strip were then incubated in an anaerobic chamber and BHI-agar 

plates were incubated in an aerobic incubator for ATCC’s recommended period of time. 

After incubation, ellipses of inhibition (noticeable reduction in growth) around each strip 

of antibiotics were read as MIC calibrated in µg/mL. MBC was the higher concentration 

around which there was no bacterial growth (Figure 3). All samples were read under 0.4X 

magnification (Edmund Scientific) 

 

Figure 1a and 1b: E-test strips used for Minimum Bactericidal Concentrations 

(MBCs) and Minimum Inhibitory Concentrations (MICs). 
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Preparation of hydrogel as a scaffold for antibiotics 

Mixing antibiotics with normal saline at low concentrations result in a watery consistency 

of antibiotics. This consistency will make it difficult to deliver in the root canal space as 

intracanal medicaments. In our study, hydrogel was used as a biodegradable scaffold to 

facilitate the delivery of low concentration antibiotics in the root canal space.  

The oxidized alginate-fibrin hydrogel microbeads was developed by Dr. Huakan Xu’s 

group at University of Maryland. The alginate-fibrin hydrogel microbeads have shown 

very promising results as a biologic scaffold, and has been validated as a slow release 

scaffold for stem cells. (53) Alginate is FDA approved for use in food and for many types 

of medical applications including use as a wound dressing and hemostatic agent. The 

components of fibrin, fibrinogen and thrombin, can be purified from human plasma. 

Fibrin has shown to be an excellent scaffold for cell delivery and tissue ingrowth in a 

number of tissue engineering applications. However, we used this scaffold to dilute and 

deliver antibiotics into the root canals. The oxidized alginate-fibrin hydrogel has some 

advantageous properties, it is resorbable, has a slow release, and biocompatible, which 

make it a good scaffold for intra-canal antibiotics. The tested antibiotics at concentrations 

of 0.1 mg/ml and 1.0 mg/ml solutions were prepared and mixed with oxidized alginate 

solution to prepare the hydrogel microbeads (figure 2). 

Preparation of 7.5% oxidized sodium alginate: 

Sodium alginate was dissolved in distilled water to make a 1% solution. Then 1.51 mL of 

0.25 M sodium periodate was added in 100 ml alginate solution and kept stirring to react 

in dark at room temperature for 24 h. The oxidizing reaction was stopped by adding 1g 

ethylene glycol and then 2.5 g sodium chloride was also added in the solution. An excess 
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amount of ethanol (200 mL) was added to precipitate the product, which was then 

collected by centrifuging. The precipitates were re-dissolved in 100 mL distilled water 

and precipitated again with 200 mL of ethanol. The second precipitates were collected 

and dissolved in 30 mL distilled water. Final product got through freeze-dry under 

reduced pressure for 24 hours. 

 

Oxidized alginate-fibrin-cell beads: 

A 12mg/mL solution of 7.5% oxidized alginate in 0.9% sodium chloride was prepared 

first. Then fibrinogen from bovine plasma (Sigma) was added in at the concentration of 

1mg/mL and incubated at 37℃ from 1 to 2 hours to make a mixed solution of oxidized 

alginate-fibrinogen. A 100mmol/L calcium chloride solution in distilled water was 

prepared and thrombin (Sigma) was then added in at the concentration of 1 unit/mL to 

make a mixed crosslinking solution. The two kinds of solution were sterilized separately 

by filtering through 0.2μm hydrophilic PTFE membrane (Millipore). Hydrogel bead 

formation was accomplished by extruding oxidized alginate-fibrinogen solution droplets 

into the mixed crosslinking solution of calcium chloride and thrombin. 

 

Antibiotics solutions were prepared and suspended in the oxidized alginate-fibrinogen 

solution. The suspension was then loaded into a syringe, which was placed into a syringe 

pump and connected to a bead-generating device (Var J1, Nisco, Zurich, Switzerland). 

Nitrogen gas was fed to the gas inlet and a pressure of 8 psi was established to form a 

coaxial air flow to break up the alginate-fibrinogen-cell droplets. The CaCl2-thrombin 
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solution was filled in a wide plate to collect the droplets and simultaneously stirred by a 

magnetic bar. This produced small oxidized alginate-fibrin-antibiotics beads.  

 

 

Figure 2: Preparation of oxidized alginate-fibrin hydrogel. 

 

The device used for the preparation of oxidized alginate-fibrin hydrogel as a scaffold for 
the antibiotics 
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Susceptibility agar diffusion tests for antibiotics in alginate hydrogel scaffold 

Susceptibility agar diffusion tests were done for each antibiotic using a hydrogel as a 

scaffold to test the efficacy of hydrogel as a scaffold for antibiotics at concentration of 

0.1 mg/ml.  

Each strain of the four tested bacteria was grown to turbidity of 1.0 McFarland density 

using spectrophotometer.  Anaerobes bacteria (S. intermedius, F. nucleatum, P. 

gingivalis) were then streaked on blood-agar plates (CDC Formulation; Thermo Fisher 

Scientific Inc, Pittsburgh, PA) and E. faecalis was streaked on BHI agar plates to obtain a 

confluent growth. Hydrogel scaffold with each tested antibiotic was placed in the center 

of the blood agar and BHI plates and incubated in an anaerobic and aerobic chambers 

respectively. After four days, susceptibility was evaluated by presence or absence of 

inhibition zone in the agar plates. (Fig 4) 

 

Figure 3: Susceptibility agar diffusion of antibiotics in hydrogel scaffold  

 

 

 

 

 

 

 

     Susceptibility agar diffusion of antibiotics in hydrogel scaffold in blood agar plates 
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Aim 2: Antibacterial efficacy of antibiotics at a low concentration using a slow 

release hydrogel scaffold (Ex vivo). 

One hundred and twenty intact single rooted permanent human teeth were collected for 

the study. Teeth with large restorations, caries and/or broken crowns were excluded from 

the study. 

All extracted teeth were autoclaved to sterilize them prior to the experiment. Access 

cavity were made for each tooth using round bur followed by root canal instrumentation 

using sterile K-files and ProFile@ rotary instruments up to size 40/0.04 for each canal. 

Each root canal was irrigated with normal saline to remove debris. Teeth were autoclaved 

again to ensure absence of bacteria prior to bacterial incubation and were placed in a 

vertical position supported by wax and left in side the anaerobic chamber environment. 

One day later, root canal of each sample were inoculated with a 20ul suspension of a 

mixture of previously mentioned microorganisms with an optical density adjusted 

spectrophotometrically to approximately 3 x 106 colony-forming units (CFU)/mL 

(equivalent to 1.0 on the McFarland scale). Access cavities were then sealed with a sterile 

sponge and Cavit (3M ESPE), and samples were then incubated in the anaerobic 

chamber. The suspensions were replenished weekly for 3 weeks for biofilm formation 

and maturation (54). 

 

Baseline microbial sampling 

After 3 weeks, fifteen root canals (control) were sampled to determine the baseline 

bacterial growth. Root canals walls were instrumented with size 40 K file to disrupt 

biofilms and were transferred to a vial containing normal saline for sampling. Size 2 
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Gates Gliddens burs were used to shave root canal dentin followed by three consecutive 

sterile paper points placed to the full length for 60 seconds (26) and were then transferred 

to the same vial for sampling.  

The samples were then 10-fold serially diluted eight times (figure 4) and plated on 

anaerobic blood agar plates (CDC Formulation; Thermo Fisher Scientific Inc, Pittsburgh, 

PA). The viable colony forming unites (CFUs) on each plate were enumerated after 

incubation at 37 °C anaerobically for 5 days.  

 

 

Figure 4: Dilution for bacterial samples for colony forming units. 
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Intracanal Medicaments 

One hundred and five teeth were randomly assigned to seven experimental groups (n = 

15).  

Root canal spaces were filled randomly with antibiotics as follow:  

Group 1: Augmentin (0.1mg/ml) 

Group 2: Tigecycline (0.1mg/ml) 

Group 3: TAP (0.1mg/ml) 

Group 4: Augmentin (1mg/ml) 

Group 5: Tigecycline (1mg/ml) 

Group 6: TAP (1mg/ml) 

Group 7: TAP (1g/ml) paste mixed with normal saline.  

 

Next, access cavities were sealed with sterile sponge and Cavit (3M ESPE) and incubate 

anaerobically for 1 week.  

 

Post-treatment microbial sampling 

One week later, antibiotic dressings were removed with 20 mL sterile saline irrigation to 

the working length for 10 minutes. Root canal walls were then instrumented with size 40 

K file to disrupt biofilms and were transferred to a vial containing normal saline for 

sampling. Size 2 Gates Glidden burs were used to shave root canal dentin followed by 

three consecutive sterile paper points and were transferred to the same vial for sampling. 

The sample were then serially diluted and plated on anaerobic blood agar plates (CDC 

Formulation; Thermo Fisher Scientific Inc, Pittsburgh, PA). The viable CFUs on each 

plate were enumerated after incubation anaerobically for 5 days. 
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Aim 3: Discoloration potential of Augmentin, tigecycline, and TAP at low 

concentrations (Ex vivo). 

VITA Easyshade® Compact (Vident, USA) was used to measure tooth color as described 

by Lenherr et al (15). All color measurements were taken in a dark room inside the 

anaerobic chamber. The instrument was calibrated before the measurement in each group.  

The mean baseline color measurements were taken prior to filling the root canal with the 

antibiotics (C1) and then at 1 week, 2 weeks and 3 weeks (C2). The results are expressed 

in the CIE L*a*b* system (L* [black-white], a* [red-green] and b* [blue-yellow]). 

Darker color changes will be expressed in lower L* value whilst lighter color changes 

will express higher L* value (from 0-100). Greenish hue of a tooth will be as negative a* 

value while reddish hue as positive a* value. More blue changes as negative b* value 

while more yellow changes as negative b* value. Mean dL*, da* and db* values were 

calculated to produce a dE* value of each tooth, which will be the comparative parameter 

between each group (figure 5).  
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Figure 5: VITA Easyshade® device used to measure teeth discoloration. 

 

 

 

 

 

 

 

 

 

 

 

VITA Easyshade® device used to measure teeth discoloration. 
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Statistical analysis 

Sample size-power calculations: Using one-way ANOVA with four experimental groups, 

15 teeth per group, a large effect size of 0.50, and a p value of 0.05, the power was equal 

to 0.89.  

Analyses related to hypothesis 1  

The difference between mean MICs and MBCs of different tested antibiotics were 

compared statistically using One-way analysis of variance (ANOVA), followed by the 

Tukey’s HSD. A p value of .05 was used as a threshold for significance.  

Analyses related to hypothesis 2  

The difference between baseline bacterial counts (control) and after intracanal 

medicaments with different antibiotics were compared statistically using One-way 

analysis of variance (ANOVA), followed by the Tukey’s HSD to compare antibacterial 

efficacies count among the antibiotics experimental groups. A p value of .05 was used as 

a threshold for significance. In addition, Chi square was used to compare number of 

samples that had bacterial growth (resistance) with those with no bacterial growth 

(susceptible).  

 

Analyses related to hypothesis 3  

The difference in color prior to antibiotics use (baseline) and after the use of intracanal 

antibiotics (Post-treatment) were compared statistically using One-way analysis of 

variance (ANOVA), followed by the Tukey’s honestly significant test for comparison of 

discoloration among the experimental antibiotics groups. A p value of .05 will be used as 

a threshold for significance. 
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Results 

 

Aim 1: Minimum bactericidal concentrations (MBCs) and minimum inhibitory 

concentrations (MICs)  

The mean MICs and MBCs of Augmentin, tigecycline, ciprofloxacin, minocycline, and 

metronidazole are presented in tables 1, 2, 3 and 4, and figures 6 and 7. Ciprofloxacin had 

significantly higher MIC and MBC values compared to other tested antibiotics. (p < 0.05) 

 

 

Table 1: Mean MBCs and MICs of tested antibiotics against F. nucleatum. 
 

Antibiotics 
 

MBC MIC 

Augmentin 
 

0.03 ± 0.00 0.02 ± 0.00 

Tigecycline 
 

0.07 ± 0.01 0.02 ± 0.00 

Ciprofloxacin 
 

1.08 ± 0.38 0.38 ± 0.00 

Minocycline 
 

0.05 ± 0.01 0.02 ± 0.00 

Metronidazole 
 

__ __ 

                     Mean MBCs and MICs for F. nucleatum (µg/ml ± SD) 
 

 

Table 2: Mean MBCs and MICs of tested antibiotics against P. gingivalis.  
 

Antibiotics MBC MIC 

Augmentin 0.07 ± 0.01 0.02 ± 0.00 

Tigecycline 0.11 ± 0.01 0.03 ± 0.00 

Ciprofloxacin 1.50 ± 0.28 0.75 ± 0.00 

Minocycline 0.06 ± 0.01 0.02 ± 0.00 

Metronidazole __ __ 

                     Mean MBCs and MICs for P. gingivalis (µg/ml ± SD) 
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Table 3: Mean MBCs and MICs of tested antibiotics against S. intermedius.  

 

Antibiotics MBC MIC 

Augmentin 0.11 ± 0.01 0.03 ± 0.00 

Tigecycline 0.07 ± 0.00 0.03 ± 0.00 

Ciprofloxacin 2.00 ± 0.28 1.00 ± 0.00 

Minocycline 0.04 ± 0.00 0.02 ± 0.00 

Metronidazole __ __ 

                    Mean MBCs and MICs for S. intermedius (µg/ml ± SD) 
 
 

 

 
 

Table 4: Mean MBCs and MICs of tested antibiotics against E. feacalis.  

 

Antibiotics MBC MIC 

Augmentin 0.11 ± 0.01 0.03 ± 0.00 

Tigecycline 0.07 ± 0.00 0.03 ± 0.00 

Ciprofloxacin 2.00 ± 0.28 1.00 ± 0.00 

Minocycline 0.04 ± 0.00 0.02 ± 0.00 

Metronidazole __ __ 

                    Mean MBCs and MICs for E. feacalis (µg/ml ± SD) 
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Figure 6: Minimum Inhibitory Concentration (MIC) of tested antibiotics.  

 
 
 
 

 
 
Minimum Inhibitory Concentration (MIC) of Augmentin, Tigecycline, ciprofloxacin, 
minocycline and metronidazole measured in ug/ml against F. nucleatum, P. gingivalis, S. 
intermedius and E. faecalis. Groups under the same bar are not significantly different. 
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Figure 7: Minimum Bactericidal Concentrations (MBCs) of tested antibiotics.  
 
 
 
 

 
 
Minimum Bactericidal Concentration (MBC) of Augmentin, Tigecycline, ciprofloxacin, 
minocycline and metronidazole measured in ug/ml against F. nucleatum, P. gingivalis, S. 
intermedius and E. feacalis. *Groups under the same bar are not significantly different. 
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Figure 8: MIC and MBC inhibition zones. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
This figure shows the Minimum inhibitory Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC) inhibition zones. MBC zone has no bacterial growth, 
while MIC zone has a reduced bacterial growth. 
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Susceptibility agar diffusion tests for antibiotics in alginate hydrogel scaffold 

Results of susceptibility agar diffusion test are presented in table 5. The diameter of 

ciprofloxacin inhibition zones were smaller compared to minocycline, tigecycline and 

Augmentin. These results are consistent with our MIC and MBCs results that showed that 

ciprofloxacin required significantly higher MIC and MBC values. In addition, E, feacalis 

was the most resistant microorganism compared to other tested bacteria. 

 

 

Table 5: Susceptibility agar diffusion tests for control and tested antibiotics in 

alginate hydrogel scaffold  

Antibiotic Bacteria Presence of inhibition 
zone 

Inhibition zone 
diameter 

Control F. nucleatum No 0 mm 
Control P. gingivalis No 0 mm 
Control S. intermedius No 0 mm 
Control E. faecalis No 0 mm 

Minocycline F. nucleatum Yes 26 mm 
Minocycline	   P. gingivalis Yes 24 mm 
Minocycline	   S. intermedius Yes 36 mm 
Minocycline	   E. faecalis Yes 7 mm 

Ciprofloxacin F. nucleatum Yes 18 mm 
Ciprofloxacin	   P. gingivalis Yes 11 mm 
Ciprofloxacin	   S. intermedius Yes 5 mm 
Ciprofloxacin	   E. faecalis Yes 3 mm 
Tigecycline	   F. nucleatum Yes 17 mm 
Tigecycline	   P. gingivalis Yes 16 mm 
Tigecycline	   S. intermedius Yes 23 mm 
Tigecycline	   E. faecalis Yes 5 mm 
Augmentin	   F. nucleatum Yes 15 mm 
Augmentin	   P. gingivalis Yes 17 mm 
Augmentin	   S. intermedius Yes 22 mm 
Augmentin	   E. feacalis Yes 5 mm 

Metronidazole F. nucleatum Yes 24 mm 
Metronidazole	   P. gingivalis No 0 mm 
Metronidazole	   S. intermedius No 0 mm 
Metronidazole	   E. feacalis No 0 mm 
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Colony forming units (CFUs) results 

The results of colony forming units (CFUs) are presented in table 6 and table 7. All 

samples from the control group (no antibiotics) showed a bacterial growth that range 

from 9.9x105 to 5.7x108cells per mm2. TAP, Augmentin, and tigecycline at 0.1 mg/ml 

concentration resulted in 3-4 folds log reduction of CFUs. The mean CFUs for 0.1 

concentration groups were significantly lower than the control group (no antibiotics). 

TAP, Augmentin, and tigecycline at 1mg/ml concentration resulted in 6-7 folds log 

reduction of CFUs. Significant differences were found when comparing the log 10 CFUs 

of the seven experimental groups (see table 7, p ≤ .0005). The mean CFUs for 1mg 

concentration group were significantly lower than the control group and 0.1 mg/ml 

concentration antibiotics groups. TAP at 1g/ml concentration group resulted in no 

bacterial growth. There were no significant differences in CFUs between TAP (0.1 

mg/ml), Tigecycline (0.1 mg/ml), and Augmentin (0.1 mg/ml) and no significant 

differences in CFUs between TAP (1 mg/ml), Tigecycline (1 mg/ml), Augmentin (1 

mg/ml) and TAP (1g/ml). (Fig 9) 

 

Susceptibility of bacteria to antibiotics 

Chi Square was used to analyze the differences in susceptibility among tested 

experimental group. All samples of the control group (no antibiotics) had bacterial 

growth (100%). TAP at high concentration (1 g/ml) had the highest susceptibility among 

tested antibiotics with no bacterial growth in all samples (0%), followed by TAP, 

tigecycline and Augmentin at 1mg/ml with bacterial growth in 26.7%, 33.3% and 40% of 
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the samples respectively, followed by TAP, tigecycline and Augmentin at 0.1mg/ml with 

bacterial growth in 100%. 93.3% and 93.3% of the samples respectively. (p ≤ .0005).  

 

 

 

Table 6: Mean colony forming units (CFUs) 

Group Mean CFU Log10 SD 

Control group  1.3x108 8.13 0.95 

TAP (0.1 mg/ml) 1.7x104 4.24 0.82 

Tigecycline (0.1 mg/ml) 1.1x104 3.38 1.33 

Augmentin (0.1 mg/ml) 9.0x103 3.96 1.02 

TAP (1 mg/ml) 1.3x102 0.71 1.22 

Tigecycline (1 mg/ml) 3.6x102 0.93 1.38 

Augmentin (1 mg/ml) 2.0x102 1.06 1.35 

TAP (1 g/ml) 0.00 0.00 0.00 

             

      Mean colony forming units (CFUs) of tested antibiotics (number of cells/mm2) 
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Table 7: One-way ANOVA results comparing log10 CFUs of antibiotics groups. 

 

Group Log10 SD F P value 

Control group 8.13 a 0.95 71.295 .0005 

TAP (0.1 mg/ml) 4.24 b 0.82 

Tigecycline (0.1 mg/ml) 3.38 b 1.33 

Augmentin (0.1 mg/ml) 3.96 b 1.02 

TAP (1 mg/ml) 0.71 c 1.22 

Tigecycline (1 mg/ml) 0.93 c 1.38 

Augmentin (1 mg/ml) 1.06 c 1.35 

TAP (1 g/ml) 0.00 c 0.00 

 
*Groups with the same letter are not significantly different 
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Figure 9: Post-treatment Log 10 colony forming unites (CFUs) 

 

 

 Post-treatment log 10 CFUs. (p ≤ .0005). Groups under the same bar are not significantly 

different. 

 

Color change (∆E) results 

The post-treatment color changes for all experimental groups at all different time periods 

are summarized in tables 8, 9, &10 and figures 10, 11& 12. At 1 week post-treatment, 

teeth treated with Augmentin at 0.1 mg/ml and 1mg/ml concentrations had significantly 

lower color change (∆E = 4.3±1.9 and 3.1±1.1) than the other five experimental groups. 

On the other hand, teeth treated with TAP at 1g/ml concentration had significantly higher 

color change than other groups (∆E = 11.9 ± 2.4). (p ≤ .0005).  (Table 8 and Fig 10) 



	   38	  

At 2 weeks post-treatment, Augmentin at 1 mg/ml concentration had the lowest color 

change (∆E = 4.1±1.9) followed by TAP and Tigecycline at 1 mg/ml (∆E = 7.4 ± 1.9 and 

8.4 ± 2.0) respectively. The highest color change was recorded for teeth treated with TAP 

at 1 g/ml concentration (∆E = 16.1 ± 2.7). (p <.0005). (Fig 11) Similarly, at 3 weeks post-

treatment, Augmentin at 1 mg/ml concentration had the lowest color change (∆E = 

3.5±1.1) followed by Tigecycline and TAP at 1 mg/ml (∆E = 7.7 ± 2.1 and 9.1± 2.0) 

respectively. The highest color change was recorded for the TAP at 1 g/ml group (∆E = 

24.8 ± 2.2). (p <.0005). (Fig 12) 

At all time periods, TAP at high concentration (1g/ml) had significantly higher coronal 

color change compared to other antibiotics groups. (p ≤ .0005). 

 

 

Table 8: One-way ANOVA results for 1 week post treatment color change (∆E). 

Group 1 week (∆E) F P value 

Augmentin (1 mg/ml) 3.1 ± 1.1 Aa 57.6 .0005 

Augmentin (0.1 mg/ml) 4.3 ± 1.9 Aa  

Tigecycline (0.1 mg/ml) 4.5 ± 2.1 Ab  

TAP (0.1 mg/ml) 6.6 ± 3.3 Bb  

Tigecycline (1 mg/ml) 6.9 ± 1.9 Bb  

TAP (1 mg/ml) 8.0 ± 1.7 Bc  

TAP (1 g/ml) 11.9 ± 2.4 C  

*Groups with the same letter are not significantly different 
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Table 9: One-way ANOVA results for 2 weeks post treatment color change (∆E). 

 

Group 2 week (∆E) F P value 

Augmentin (1 mg/ml) 4.1 ± 1.9 a 99.5 .0005 

TAP (1 mg/ml) 7.4 ± 1.9 b   

Tigecycline (1 mg/ml) 8.4 ± 2.0 b   

TAP (1 g/ml) 16.1 ± 2.7 c   

      *Groups with the same letter are not significantly different 

 

 

 

Table 10: One-way ANOVA results for 3 weeks post treatment color change (∆E). 

Group 2 week (∆E) F P value 

Augmentin (1 mg/ml) 4.1 ± 1.9 a 356.1 .0005 

TAP (1 mg/ml) 7.4 ± 1.9 b   

Tigecycline (1 mg/ml) 8.4 ± 2.0 b   

TAP (1 g/ml) 24.7 ± 2.2 c   

     *Groups with the same letter are not significantly different 
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Figure 10: One week post-treatment color change (∆E) 

 

   

Mean color change (∆E) at 1 week post-treatment for all antibiotics groups. (p ≤ .0005). 
Groups under the same bar are not significantly different. 
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Figure 11: Two week post-treatment color change (∆E) 

 

 

Mean color change (∆E) at 2 week post-treatment with TAP (1 mg/ml), Augmentin (1 
mg/ml), Tigecycline (1 mg/ml), and TAP (1 g/ml). (p ≤ .0005). Groups under the same 
bar are not significantly different. 
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Figure 12: Three week post-treatment color change (∆E) 

 

	  

Mean color change (∆E) at 3 weeks post-treatment with of TAP (1 mg/ml), Augmentin 

(1mg/ml), Tigecycline (1mg/ml), and TAP (1 g/ml). (p ≤ .0005). Groups under the same 

bar are not significantly different. 
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Discussion 

 

Study design and limitations 

This ex vivo study evaluated the antibacterial efficacy and discoloration potential of 

various antibiotics when used as intra-canal medicaments in sound human extracted teeth 

model. Sound teeth have been included in this study to avoid the effect of coronal 

restorations on teeth colors. Infected root canal spaces have a complicated microbial 

environment.(26) However, the majority of endodontic microbial studies focus on 

Enterococcus feacalis as a single targeted bacteria. To avoid this limitation, we tested the 

antibiotics against common endodontic microorganism including strict gram-negative 

anaerobes and facultative gram-positive bacteria in an anaerobic condition. Stojicic et al. 

(27) have shown in a dentin model that it takes three weeks for maturation of bacterial 

biofilms. For that reason, we incubated the bacteria in side root canals and replenish them 

weekly for three weeks in an anaerobic chamber.  In addition, human permanent teeth 

have variable root canal morphology. To reduce that variability, we selected single rooted 

sound permanent teeth in this study.  

Three antibiotics have been selected for this study. TAP has been selected as the most 

commonly used antibiotic for regenerative endodontics. TAP is a mixture of 

metronidazole, ciprofloxacin and minocycline that has been introduced for the first time 

in 1996 by Hoshino et al.(11) 

Augmentin is a combination of amoxicillin and clavulanic acid. Augmentin has been 

found to be effective against 100% of endodontic bacteria. However, it has not been used 

yet in a published regenerative endodontic case. (55) Tigecycline is a member of 
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tetracyclines that has been approved by FDA in June 2005. It has a bacteriostatic effect 

by binding to S30 ribosome and inhibits bacterial protein synthesis.  

There is a gap in knowledge regarding the potential discoloration effect of different 

concentrations of these antibiotics as an intracanal medicament. Thus, the aim of this 

study was to evaluate the discoloration effect and antibacterial efficacy of TAP, 

Augmentin and tigecycline ex vivo. 

In the present study, the antibacterial efficacy was evaluated using colony forming unit 

(CFUs) method that counts the number bacteria colony cells per millimeter. This method 

has been used in the majority of endodontic microbial studies.  

The color change was evaluated spectrophotometrically in a standardized condition using 

a calibrated Vita Easyshade device. The CIE L*a*b* system is a 3-dimensional, uniform 

color space designed to approximate the perceptual response of the human eye to all 

perceivable colors. The L* value indicates lightness (L* = 0 [black] and L* = 100 

[white]), a* value indicate the location on the green (11) to red (+a) gradient, and b* 

value indicates the location on the blue (-b) to yellow (+b) gradient. The color differences 

are expressed numerically in ∆E value. All teeth shades were measured in a dark room to 

eliminate the effect of lights on color measurements as described in previous study. (15) 

 

 

Antibacterial efficacy 

Hoshino et al have evaluated the TAP as a mixture of ciprofloxacin, metronidazole and 

minocycline for the first time in 1996.(11) That in vitro study showed that TAP was 

efficacious at 25mg/ml. 50mg/ml and 100mg/ml concentration mixed with normal saline 
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for infected root canals of extracted teeth.  Our study showed that all samples from 

control group (no antibiotics) showed presence of bacterial colony with a mean colony 

forming units of 1.3x108. All test antibiotics at all tested concentrations significantly 

reduced the number of bacterial cells in the root canal compared to control group (no 

antibiotics) (p< 0.005). TAP, tigecycline and Augmentin when used at 0.1 mg/ml in a 

alginate hydrogel scaffold resulted in 4-5 log CFU reduction with mean CFUs of 1.7x104, 

9.0x103, 1.1x104 respectively. In addition, TAP, tigecycline and Augmentin when used at 

1 mg/ml in a alginate hydrogel scaffold resulted in 6-7 log CFU reduction with mean 

CFUs of 1.3x102, 2.0x102, 3.6x102 respectively, which was significantly more efficacious 

compared to 0.1mg/ml concentration groups. On the other hand, TAP 1 g/ml mixed with 

normal saline resulted in no residual bacterial and was the most efficacious antibiotic 

group.  

Ruparel et al (21) have shown that antibiotics including TAP at concentrations lower than 

0.1 mg/ml resulted in 100% survival of stem cells of apical papilla (SCAPs) and 1 mg/ml 

resulted in 50% survival of SCAPs.  Althumairi et al (46)showed that 1 mg/mL had no 

adverse effect on stem cells viability when tested in a dentin desk model. Our findings 

showed that antibiotics at 1 mg/ml were efficacious against endodontic biofilms with 

minor color change compared to high concentration (1 g/ml). 

 

A recent study evaluated various concentrations of TAP and DAP (metronidazole and 

ciprofloxacin) against E. feacalis biofilm and showed that 0.125 mg/ml of DAP and TAP 

had a significant antibacterial effect compared to positive control group (no antibiotics), 

and TAP at 1 mg/ml had significantly lower CFUs of E. faecalis biofilm compared to 
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TAP at 0.1 mg/ml. (56) These findings were in accordance with the findings of our study 

and showed that TAP at 1mg/ml concentration had significantly lower CFUs compared to 

those at 0.1 mg/ml concentration. 

 

Coronal discoloration  

This is the first study to investigate the coronal color alterations induced by various intra-

canal antibiotic pastes at different concentrations. Our results showed an antibiotic dose-

dependent effect on teeth discoloration. 0.1mg/ml concentration of Augmentin, 

tigecycline and TAP showed significantly less color change compared to 1mg/ml and 

1g/ml concentrations. The highest level of coronal discoloration occurred in teeth filled 

with TAP at 1, 2 and 3 weeks, and the degree of discoloration induced in teeth medicated 

with 1g/ml TAP increased with time. Lenherr et al (15) evaluated in vitro the 

discoloration effect of various endodontic materials. They showed that TAP causes 

significantly the highest coronal color change compared to other endodontic materials 

such as calcium hydroxide, mineral trioxide aggregate (MTA), AHplus sealer and other 

materials. The results of this study were consistent with our study and showed increase in 

coronal discoloration in teeth treated with TAP over time.  In a recent similar study, 

Kohli et al (57) evaluated the discoloration induced by TAP and Various Bioceramic 

Cements following root canal instrumentation. The results of this study showed a 

significant coronal discoloration induced by TAP and gray and white MTA. Akcay et al. 

(49) evaluated the crown discoloration induced by various antibiotic pastes using 

extracted bovine teeth. The results of this study showed that TAP discolors teeth 

significantly more than DAP (no minocycline). Those studies showed the discoloration 
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effect of minocycline and explain the reason why TAP discolors teeth more than other 

endodontic materials. A recent clinical study (50) evaluated TAP and calcium hydroxide 

as a root canal medicaments for traumatized teeth and showed a significant discoloration 

for teeth treated with TAP compared to those with calcium hydroxide. Minocycline 

component of TAP, a semisynthetic derivative of tetracycline, has been held responsible 

for the teeth discoloration induced by TAP.(16) Kim et al. evaluated the discoloration 

effect of TAP components and found that minocycline has the most color change effect 

compared to metronidazole and ciprofloxacin.(16) The results of the aforementioned 

studies confirm our results.  
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Future Studies 

Our study focused on the antibacterial efficacy and discoloration potential of antibiotics 

at different concentrations (0.1 mg/ml, 1 mg/ml and 1 g/ml). Future studies may 

investigate these two effects of antibiotics at relatively higher concentrations (2 mg/ml – 

5 mg/ml). In addition, high concentration intracanal antibiotic weakens the tooth 

structure. Future studies should investigate the effect of different diluted concentrations 

of antibiotics on the microhardness of dentin when applied at different time periods. 
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Conclusion: 

Within the limitation of this ex vivo study, TAP at high concentration (1g/mL) was the 

most efficacious antibiotic against common endodontic bacteria biofilms. However, it 

resulted in the highest discoloration of teeth structure. On the other hand, TAP, 

Augmentin and tigecycline at low concentration (1 mg/ml) reduced bacterial growth 

significantly with a minimum color change when applied for one week. The discoloration 

effect was concentration-dependent except for Augmentin, which maintains the color 

change values at 0.1 and 1 mg concentrations. Clinical studies are needed to confirm 

these ex vivo findings.  
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