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Teeth with periapical radiolucency have a lower prognosis than those without 

radiolucency and may take up to 4 years for complete healing after primary endodontic 

treatment. Local delivery of a non-toxic substance with antimicrobial and anti-

inflammatory properties may improve the healing of apical periodontitis.  

The study was a randomized clinical trial to evaluate the effects of local 

administration of doxycycline or saline at the periapex of teeth with periapical lesions. 

The primary aim was to compare the change from baseline to 4 months in periapical 

radiolucency area between doxycyline and saline groups. The secondary aims were to 

compare the percentage of healed cases (no detectable periapical radiolucency) at 4 

months between doxycycline and saline groups and to compare the post-obturation pain 

experience between doxycycline and saline groups. 

20 single-rooted teeth with pulpal necrosis and periapical radiolucency ≥ 3mm 

were treated endodontically in two visits.  Prior to obturation, doxycycline or saline was 

delivered through the apical foramen into the periapical tissues.  Cone-beam computed 



 

 

tomography (CBCT) imaging of the tooth and periapical tissues was performed post-op 

and at 4 month recall. All patients reported their post-obturation pain experience using a 

Visual Analogue Scale (VAS).   

There was no significant difference when comparing the change from baseline to 

4 months in periapical radiolucency area between doxycycline and saline groups (p = 

0.36, One-Way ANOVA). There was no difference when comparing the percentage of 

healed cases (no detectable periapical radiolucency) at 4 months between groups. All 

patients had mild (<30/100 VAS) to no pain that uniformly resolved within 7 days. There 

was no significant difference when comparing VAS scores between groups (p > 0.05, 

One-Way ANOVA controlling for level of pre-op pain using a linear regression model). 

The local administration of doxycycline at the periapex of teeth with periapical 

lesions did not significantly improve healing of periapical radiolucencies at 4-months.  It 

did, however, show potential as a clinically important adjunct that warrants future 

research.  Doxycycline did not appear to have any deleterious effects upon healing of 

periapical lesions and it was not associated with significant increases in post-operative 

pain. 

 



 

 

 
 

 

 

The Effects of Local Antibiotic Administration on Endodontic Treatment Outcomes 

 

By 
 

Ian G. Bennett 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Thesis submitted to the faculty of the Graduate School 
of the University of Maryland Baltimore in partial fulfillment 

of the requirements for the degree of 
Master of Science 

2011 
 

 

 

 



 

 

 
 
 
 

©Copyright 2011 by Ian G. Bennett 
All rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     

iii  

 

ACKNOWLEDGEMENTS 

 

I am thankful to Dr. Ashraf F. Fouad for his years of mentorship and guidance.  I would 

like to acknowledge Dr. Glenn E. Minah, Dr. Linda Otis and Dr. Elaine Romberg for 

their participation on my committee.  I would also like to thank Dr. Sharon M. Gordon 

and Dr. Radi Masri for their assistance in understanding different ways to analyze VAS 

scales for pain and for helping me with graphs.  This project would not have been 

possible without the help of my fellow endodontic residents in recruiting patients. 



     

iv 

 

TABLE OF CONTENTS 

REVIEW OF THE LITERATURE ................................................................................ 1 
Persistent Microorganisms in the Periapical Tissues ........................................................... 1 
Time Necessary for Periapical Healing ....................................................................................... 2 
Metrics of Periapical Healing ......................................................................................................... 3 
Limitations of Intracanal Treatment ........................................................................................... 4 
Extracanal Treatment Modalities ................................................................................................. 4 
Doxycycline ........................................................................................................................................... 5 

RATIONALE .................................................................................................................... 6 

SPECIFIC OBJECTIVES................................................................................................ 7 
Primary Aim ......................................................................................................................................... 7 
Secondary Aim 1 ................................................................................................................................. 7 
Secondary Aim 2 ................................................................................................................................. 7 

HYPOTHESES ................................................................................................................. 8 
Primary Aim ......................................................................................................................................... 8 
Secondary Aim 1 ................................................................................................................................. 8 
Secondary Aim 2 ................................................................................................................................. 9 

MATERIALS & METHODS......................................................................................... 10 
Research Design ............................................................................................................................... 10 
Patient Selection .............................................................................................................................. 11 

Subject Recruitment and Selection ...................................................................................................... 11 
Screening ........................................................................................................................................................ 11 
Inclusion Criteria ......................................................................................................................................... 12 
Exclusion Criteria ........................................................................................................................................ 12 
Randomization and Allocation .............................................................................................................. 13 
Sample Size Determination ..................................................................................................................... 14 

Procedures ......................................................................................................................................... 14 
Root canal preparation ............................................................................................................................. 14 
Cone beam computed tomography ...................................................................................................... 17 

Data Analysis ..................................................................................................................................... 18 
Outcome Measures ..................................................................................................................................... 18 
Cone Beam Computed Tomography Volumetric Data ................................................................. 18 
Statistical Analysis ...................................................................................................................................... 21 

RESULTS ........................................................................................................................ 22 
Primary Aim ...................................................................................................................................... 22 
Secondary Aim 1 .............................................................................................................................. 23 
Secondary Aim 2 .............................................................................................................................. 24 

DISCUSSION .................................................................................................................. 26 
Primary Aim ...................................................................................................................................... 26 
Secondary Aim 1 .............................................................................................................................. 29 
Secondary Aim 2 .............................................................................................................................. 30 
Study Limitations............................................................................................................................. 32 
Suggestions for Future Research ............................................................................................... 33 

CONCLUSIONS ............................................................................................................. 35 



     

v 

 

APPENDIX 1. A priori Power Analysis .......................................................................... 36 

APPENDIX 2. VAS card for self-reporting of pain experience ...................................... 37 

APPENDIX 3. SPSS output for Fisher’s Exact Test of healed cases at 4 months (PA 
radiography) ...................................................................................................................... 38 

APPENDIX 4. SPSS output for ANOVA of area data .................................................... 39 

APPENDIX 5. SPSS output for ANOVA of VAS data ................................................... 40 

APPENDIX 6. Post hoc Power Analysis (0.11 effect size from Primary Aim – CBCT) 42 

APPENDIX 7. Post hoc Power Analysis (0.21 effect size from Secondary Aim 1 – 
Periapical radiograph) ....................................................................................................... 43 



     

vi 
 

LIST OF TABLES 

 

Table 1.  Randomized Group Assignments ...................................................................... 10 

Table 2. One-Way ANOVA comparing change of mean periapical radiolucency areas 

between doxycycline and saline groups ............................................................................ 22 

Table 3. Presence of periapical radiolucency at 4 months (CBCT) ................................. 23 

Table 4. Presence of periapical radiolucency at 4 months (PA Radiography) ................. 23 

Table 5. One-Way ANOVA comparing VAS scores between doxycycline and saline 

groups after controlling for pre-op pain ............................................................................ 24 

 

 



     

vii  
 

LIST OF FIGURES 

 

Figure 1.  Schedule of Events .......................................................................................... 11 

Figure 2. Masked syringe used to deliver study medication ............................................ 14 

Figure 3. Periapical Radiograph of 30 gauge needle 2-3mm beyond apex ..................... 16 

Figure 4. Representative CBCT sections showing orientation marks in axial (upper left), 

coronal (lower left) and sagittal (upper right) planes ........................................................ 19 

Figure 5. Representative axial, sagittal and coronal CBCT sections showing largest 

measured areas in each plane ............................................................................................ 20 

Figure 6.  Mean percentage decrease in periapical radiolucency area (F = 0.916, p = 

0.36) .................................................................................................................................. 22 

Figure 7.  2nd Visit Mean VAS scores.  0 - 30mm of 100mm scale shown in figure. (No 

significant difference between doxycycline and saline at all time points, p > 0.05, One-

Way ANOVA controlling for pre-op pain using a linear regression model) .................... 25 



     

viii  

 

LIST OF ABBREVIATIONS 

 

ALARA: “As Low As Reasonably Achievable” 

ANOVA: Analysis of Variance 

BL: Baseline 

Ca(OH)2: Calcium hydroxide 

CBCT: Cone Beam Computed Tomography 

CBCT-PAI: Cone Beam Computed Tomography Periapical Index 

CT: Computed Tomography 

EDTA: 17% Ethylenediaminetetraacetic acid 

HA: Alternative Hypothesis 

HO: Null Hypothesis 

IB: Ian Bennett 

LD50: Lethal dose for 50% of subjects 

LO: Linda Otis 

µg: micrograms (10-6 grams) in mass 

mg: milligrams (10-3 grams) in mass 

ml: milliliters (10-3 liters) in volume 

mm: millimeters (10-3 meters) in length 

MMP(s): Matrix-metalloproteinase(s) 

MTAD: BioPure™ MTAD™ Antibacterial Root Canal Cleanser 

NaOCl: Sodium Hypochlorite 

PARL: Periapical Radiolucency 

PB: Peter Bellingham 

PAI: Periapical Index  

TEM: Transmission Electron Microscopy 

VAS: Visual Analogue Scale 



 

 

1 

REVIEW OF THE LITERATURE 

Teeth with periapical radiolucencies have much lower healing rates than those 

without a lesion (1, 2). This prognostic dilemma is a negative factor in treatment planning 

decisions for teeth with endodontic disease.  Teeth with preoperative periapical lesions 

may take up to 4 years for complete healing after primary endodontic treatment (3). Local 

delivery of a non-toxic substance with antimicrobial and anti-inflammatory properties 

may improve the healing of apical periodontitis.  The results of this study may provide 

direction for new techniques to improve outcomes for the endodontic treatment of teeth 

with periapical lesions.  

 
Persistent Microorganisms in the Periapical Tissues 

Microbiological analysis of periapical lesions in humans following non-surgical 

treatment is difficult to perform due to problems of contamination during the surgical 

procedure. However, studies in which careful in situ analysis of microorganisms in 

persistent lesions without external contamination, using sensitive hybridization probes (4, 

5) or using Transmission Electron Microscopy (TEM) of periapical lesions (6, 7), clearly 

show the presence of bacteria and fungi within the lesions in many cases. In some of 

these, and other animal studies (8, 9) the bacteria are seen in the immediate periapical 

area, just outside the canal space, and clearly not in the region that is debrided during 

non-surgical treatment. Furthermore, periapical bacterial biofilms on the apical root 

surface (10, 11) are not treated during non-surgical treatment that is confined to the root 

canal system. Finally, despite advances in instrumentation, antimicrobial treatment and 

obturation, there is a lack of significant change in outcomes between cases with lesions 
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and cases with vital pulp in the last 50+ years. In light of these facts and the dramatic 

healing of lesions following tooth extraction, there is a compelling argument for a 

periapical microbial factor that delays healing, and may contribute to the persistence of 

lesions. The recently demonstrated success of the Apexum procedure also provides 

evidence in this regard.  

 

Time Necessary for Periapical Healing 

Periapical lesions may take up to 4 years for complete healing after primary 

endodontic treatment (3).  Significant differences in periapical healing, between cases 

with and without intracanal bacteria, have been shown at 12 months (12) using the 

conventional Periapical Index (PAI).  In principle we are not aware of any biological 

reason to impede the rapid healing of periapical lesions, because when teeth are 

extracted, the lesions appear to heal rapidly. It is conceivable that the reason for the delay 

in cases of endodontic treatment is related to the presence of extracanal biofilm, either on 

the apical external root surface or within the lesion. This biofilm would resist the rapid 

initiation of healing and bone deposition. Eventually, healing occurs in most cases 

because of the elimination of the canal as a source of new bacteria. The desirability of the 

rapid healing is important with respect to rapid determination of prognosis, and the need 

for additional surgical intervention.  A recent study (13) has shown dramatically 

increased healing kinetics that reports 95% healing at 6 months using an extracanal 

treatment modality.  This procedure, Apexum, uses a small nickel-titanium wire through 

the root canal to debride the tissue present in the periapical lesion. After the tissue has 

been debrided and minced it is removed by irrigation beyond the apex with sterile saline.   
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Cone beam computed tomography (CBCT) has been shown to have higher 

sensitivity to identify changes in periapical healing (14). This increased sensitivity makes 

it possible to have a follow-up appointment that is closer to the date of case completion, 

than was necessary with traditional radiography.  This not only allows earlier 

determination of the prognosis and the necessity of surgical intervention, but also 

improves recall rate, as more patients are likely to return in 4 months than at the 

traditional 2-4 years. Therefore, a four-months recall appointment was used to evaluate 

healing in this study. 

 

Metrics of Periapical Healing 

The PAI has been shown to be a reliable standard for assessment of apical 

periodontitis since its introduction in 1986 (15).  The PAI requires calibrated evaluators 

to compare periapical radiographs to an example set of radiographs and to assign a score 

of 1 through 5 based on the evaluator’s interpretation.  Although this index was shown in 

this manner to be reliable (16), its limitations include the subjective nature of the 

evaluation as well as the difficulty of interpreting healing of a three-dimensional 

pathology using a two-dimensional imaging technique. In addition, the PAI does not 

measure change in lesion size.  Cone beam computed tomography technology integrates 

tomography data into 3-dimensional quantitative data that can be used more accurately 

than periapical radiographs for evaluation of pathologies within bone (17-19).   
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Limitations of Intracanal Treatment 

The technical quality of non-surgical endodontic treatment has improved 

significantly in the last 30 years but a concomitant improvement of the periapical status 

in root filled teeth has not occurred (20).  In a cross-sectional study with a longitudinal 

component, Frisk et al. found that the frequency of technically adequate root fillings from 

a Swedish sample increased significantly from 1973 (23.7%) to 2003 (36.4%) without an 

attendant improvement of the periapical status in root filled teeth over the same time 

(24.5% vs. 24.6%). 

 

Extracanal Treatment Modalities 

The rate of periapical healing is increased in cases of apical surgery compared to 

non-surgical treatment (21) but surgery is not appropriate in all cases of persistent apical 

periodontitis. Ozawa et al. (22) has advocated the use of a 1.0 mm fibroscope for use in 

treatment of periapical endodontic disease.  They used this device through sinus tracts to 

curettage foreign materials in periapical lesions with limited or no surgical access.  The 

Apexum procedure was introduced by Metzger et al. (23).  Inflamed periapical tissues 

were removed through root canal access.  This new technique has increased healing 

kinetics in a clinical trial (13).  Extracanal irrigation with conventional irrigants such as 

sodium hypochlorite is not recommended because of their toxicity as evidenced by 

extreme inflammatory response and painful sequelae (24). The use of biocompatible 

materials with antimicrobial and anti-inflammatory properties as extracanal irrigants may 

prove beneficial. 
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Doxycycline 

Doxycycline is a semisynthetic form of Oxytetracycline.  Tetracyclines are 

bacteriostatic antibiotics with activity against a wide range of aerobic and anaerobic 

gram-positive and gram-negative bacteria.  Doxycycline is also active against 

Actinomyces (25), an organism that has been reported in cases of persistent endodontic 

disease (26-30).  Doxycycline has been shown to induce apoptosis in osteoclasts (31).  

Tetracyclines, such as doxycycline, can inhibit the catalytic activities of human 

collagenases and gelatinases, especially preferring the neutrophil matrix-

metalloproteinases (MMPs) (32).  Tetracyclines have also been shown to scavenge the 

action of reactive oxygen species and to prevent the oxidative activation of latent 

procollagenases and progelatinases in vitro (33).  These properties make doxycycline a 

promising candidate for use as an extracanal irrigant. 
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RATIONALE 

This research project specifically focuses on the factors affecting success of 

nonsurgical endodontic treatment and the effect of residual microorganisms in the 

periapical tissues following instrumentation. Teeth with periapical radiolucencies have 

much lower healing rates than those without a lesion (1, 2). Microorganisms are known to 

be the main pathogenic factor in endodontic disease (34) – especially persistent disease 

following endodontic treatment (35, 36).  Microorganisms have been shown to exist in 

periapical lesions (6, 37, 38). Systemic delivery of antibiotics has been shown to be 

ineffective at preventing flare-ups (39-41) or improving long-term outcomes (42). The 

ineffectiveness of systemic antibiotics may be attributed the greater antimicrobial 

resistance of bacterial biofilms.  Bacteria in biofilm have been shown to be 10-1000 times 

more resistant to antimicrobial agents than planktonic bacteria (43).  Biofilm is the main 

mode of existence of bacteria in primary and persistent endodontic infections. Local 

delivery of a non-toxic substance with antimicrobial and anti-inflammatory properties 

may improve the healing of apical periodontitis because local delivery allows the 

administration of 2-3 higher orders of magnitude of the antibiotic dose compared to 

systemic administration.  This enables the drug to be effective against a bacterial biofilm 

while avoiding the side effects of a high systemic dose. The results of this study could 

provide direction for new techniques to improve outcomes for the endodontic treatment 

of teeth with periapical lesions. 

 



 

 

7 

SPECIFIC OBJECTIVES 

The overall objective of this study was to perform a randomized clinical trial to evaluate 

the effects of local administration of doxycycline or saline at the periapex of teeth with 

periapical lesions. 

 

Primary Aim 

Compare the change from baseline to 4 months in periapical radiolucency area 

between doxycyline and saline groups. 

 

Secondary Aim 1 

Compare the percentage of healed cases (no detectable periapical radiolucency) at 4 

months between doxycycline and saline groups. 

 

Secondary Aim 2  

Compare the post-obturation pain experience between doxycycline and saline groups. 
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HYPOTHESES 

It is hypothesized that doxycycline delivered locally to the periapex of teeth with 

periapical lesions, following optimal intracanal antimicrobial treatment, will increase 

post-operative healing and subsequently decrease lesion size when compared to local 

delivery of saline. Hence, the primary hypothesis to be evaluated and statistically tested 

for evaluation of healing is: 

 

Primary Aim 

HO: There is no difference in change in mean periapical radiolucency area between 

doxycyline and saline groups at 4 months. 

HA: The doxycycline group has a larger decrease in mean periapical radiolucency area at 

4 months than the saline group. 

 

The secondary hypotheses are: 

 

Secondary Aim 1 

HO: There is no difference in the percentage of healed cases between the groups at 4 

months. 

HA: The doxycycline group has a greater percentage of healed cases at 4 months than the 

saline group.  

 

 

 



 

 

9 

Secondary Aim 2 

HO: There is no difference in the mean VAS scores between the groups at 6 hours, 1 day, 

2 days, 3 days, 5 days and 7 days. 

HA: There is a difference in the mean VAS scores between the groups at 6 hours, 1 day, 2 

days, 3 days, 5 days and 7 days. 
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MATERIALS & METHODS 

Research Design 

This study was conducted in the postgraduate endodontic clinic of the University 

of Maryland Baltimore Dental School. The project is a prospective randomized double-

blind clinical trial of doxycycline vs. placebo administered locally through root canal 

access into the periapex of teeth with periapical lesions, following optimal antimicrobial 

cleaning and shaping of the root canals of teeth with pulp necrosis and apical lesions. 

This study has been combined with another study, Clinical Evaluation of Contemporary 

Endodontic Antimicrobial Procedures (Peter Bellingham, DMD; University of 

Maryland), because of common inclusion/exclusion criteria.  All subjects were randomly 

assigned to one of two treatment groups as shown in Table 1. 

 

Table 1.  Randomized Group Assignments 
 

Doxycycline Group (n=10) 

Doxycycline medication beyond apex 

Control Group (n=10) 

Saline medication beyond apex 

 

Assessments were conducted at baseline (BL) and at 4 months following treatment. 

Figure 1 is a schematic representing the schedule of events. 
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Figure 1.  Schedule of Events 

 

Patient Selection 

 

Subject Recruitment and Selection 

Subjects presenting for non-surgical endodontic treatment for primary endodontic 

infections were identified from the regular pool of patients presenting to the postgraduate 

endodontic clinic of the dental school for routine and emergency treatment.  

 

Screening 

Subjects were screened for study participation following the usual clinical 

recommendation for non-surgical endodontic treatment. The patients’ medical histories 

were reviewed and an oral examination performed, including periapical radiographs as 

necessary, to confirm the need for non-surgical endodontic treatment. The non-surgical 

endodontic and experimental procedures were explained verbally and in writing and 

informed consent was obtained prior to study enrollment.  

To the best of our knowledge, there is no available data to suggest any differences 

in the potential covariate effects of agents used in the study based on gender, ethnicity, or 
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race. Therefore, participation in this study is not limited by these variables. Exclusion 

criteria are for the purpose of ascertaining that subjects do not have medical conditions or 

concomitant medications that may confound the study. An inclusion and exclusion 

checklist was cross-referenced with the participants during screening to ensure their 

qualification and well-being. Criteria for study participation are described next. 

 

Inclusion Criteria 

• The patient were 14 years of age or older at the time of enrollment 

• The tooth being instrumented was diagnosed to have pulp necrosis and 

a periradicular lesion at least 3 mm in diameter 

• No history of previously completed endodontic treatment on the tooth 

• The tooth has a mature apex 

• The tooth has only one root 

 

Exclusion Criteria 

• Any systemic debilitating disease such as: 

o Diabetes mellitus 

o Liver disease or liver failure 

o Rheumatoid arthritis 

o Neoplastic disease or its treatment 

o Chronic corticosteroid therapy 

o Chronic hepatitis B or C infection 

o History of hepatitis A infection in the past year 
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o Chronic alcoholism 

o Any other systemic disease that compromises the immune 

system 

• Allergy to tetracycline or doxycycline, or history of side effects such 

as intolerance to sunlight with adminstration of tetracycline or 

doxycycline 

• Women who stated that they are pregnant at the time of initial 

treatment 

• Anyone who had taken antibiotics in the preceding month or required 

prophylactic antibiotic before dental treatment 

• Current smokers, or patients who stopped smoking in the last 4 years 

 

Randomization and Allocation 

Subjects were randomly assigned to receive local administration of doxycycline 

or saline through root canal access into the periapex immediately prior to obturation.  

Proportional random sampling was used to control for two intracanal irrigation methods 

during the first visit.  The root canals of 5 patients in groups A and B had been irrigated 

with NaOCl only, while 5 patients in groups A and B had been irrigated with NaOCL as 

well as with MTAD.  Syringes containing aqueous doxycycline or physiologic saline 

were masked and allocated randomly on a 1:1 basis by the Investigational Drug Service 

on the day of the procedure. Masking tape concealed the contents of the solution from the 

clinical provider (See Fig. 2). 
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Figure 2. Masked syringe used to deliver study medication 

 
 

Sample Size Determination  

The sample size estimate was based on published results of periapical healing in a 

clinical trial following the Apexum extracanal treatment procedure (13), as it provides the 

most recent and closest model to an orthograde periapical treatment strategy.  An effect 

size of 0.56 was shown in that study.  Using one-way ANOVA with n=14 in each group, 

a p ≤ 0.05, a one-tailed test, and an effect size of 0.56, power was equal to 0.81. 

 

Procedures 

 

Root canal preparation 

Ian Bennett (IB) and Peter Bellingham (PB), third-year endodontic residents, 

performed all root canal treatments. The standard procedure for both groups at the first 

appointment included local anesthesia, rubber dam isolation, caries excavation, and 

standardized access preparation. An apex locator (Root ZX II) measurement, verified 

radiographically, was used to determine the working length for each canal.  Crown-down 

rotary instrumentation was completed under copious irrigation of 2.6% NaOCl. The 
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Master Apical Rotary size was at least size 40 (at 0.02 or 0.04 taper depending on the 

original canal size).   

50% (5/10) of each group (A and B) then received continuous intracanal 

ultrasonic irrigation with 2.6% NaOCl for one minute at a rate of 10 ml/minute and then 

left in the canal for 4 minutes. The other 50% (5/10) of each group (A and B) received 

the same intracanal irrigation protocol, but with the irrigation solution BioPure MTAD. 

Proportional random sampling was used because MTAD contains doxycyline.  Thus, an 

equal number of patients in each group were treated in the first visit with and without a 

doxycycline-containing intracanal medicament.  

Final irrigation for the first appointment included 5ml of 2.5% NaOCl, alternating 

with 5 ml of 17% EDTA several times. The same volume of irrigant solution was used 

for all teeth. The canals were then dried. Calcium hydroxide (Ca(OH)2) was placed as an 

intracanal medicament between appointments (44, 45) The teeth were restored 

temporarily with Cavit and Fuji IX. 

 The second appointment was at least 7 days after the first appointment. The 

standard procedure for both groups at the second appointment included local anesthesia, 

rubber dam isolation, and access preparation.  The intracanal medicament was removed 

using 2.5% NaOCl and the master apical file at the working length. Final irrigation 

included 5ml of 2.5% NaOCl, alternating with 5 ml of 17% EDTA several times. The 

canals were then dried.  The apical foramen was enlarged by a #20 K-file introduced 2 

mm past the working length, for an apical diameter of at least 0.24 mm. This 

measurement was chosen because preliminary bench-top experimentation with extracted 
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teeth showed that this is the minimum apical size that will allow the medication/placebo 

to be delivered through the apex using a 30 gauge blunt-tip needle (Ultradent Navi-Tip). 

 Under double-blind conditions, 0.25 ml of aqueous doxycycline (containing 7.5 

mg doxycycline hyclate) or 0.25 ml of physiological saline was delivered through the 

root canal into the periapical tissues using the 30-gauge needle described previously (See 

Fig. 3).  

 

Figure 3. Periapical Radiograph of 30 gauge needle 2-3mm beyond apex 

 

 

Neither the patient nor the clinical provider was aware of the contents of the masked 

medication because the syringe was covered with masking tape.  The injection was 

delivered slowly with minimal force similar to an intraosseous injection to minimize the 

possibility of pain and to maximize delivery of the solution into the periapical tissues.  
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This dosage was based on the following data. After an oral dose of 200 mg of 

doxycycline, a maximum plasma concentration of 3µg/ml is achieved at 2 hours, and the 

plasma concentration remains above 1µg/ml for 8-12 hours.  Plasma concentrations are 

equivalent whether doxycycline is given orally or parenterally (46). The concentration of 

doxycycline used in this study (30mg/ml) was approximately one thousand times the 

plasma concentration of a systemic dose and still far below the toxic level for 

doxycycline:  LD50: 1700 mg/kg (47). This compensated for the greater antimicrobial 

resistance of bacteria in biofilms on the external root surface and in the periapical tissues.  

Biofilms are 10-1000 times more resistant to antimicrobial agents than planktonic 

bacteria (43). 

After the canals were dried using paper points, lateral condensation obturation 

was completed using gutta-percha and AH-plus sealer.  The teeth were restored 

temporarily with Cavit and Fuji IX. The referring dentist placed the definitive coronal 

restoration.  The patient was given a card to record pain experience at 6, 24, 48, 72, 120 

and 168 hours using a visual analog scale (VAS).  This stamped, pre-addressed card was 

then returned by mail to the investigators 7 days after completion of the root canal 

therapy. 

 

 

Cone beam computed tomography 

High-resolution regional cone beam computed tomography (CBCT) imaging was 

performed immediately after the root canal treatment is completed.  All CBCT imaging 

was done using the Planmeca ProMax 3D (Planmeca Oy, Helsinki Finland) operated by 
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the staff of the Radiology Department of the dental school. The patient was imaged in a 

standard position of the head thus improving projection geometry and the ability to obtain 

a reproducible image.  The “As Low As Reasonably Achievable” (ALARA) principle 

was satisfied because the scanned volume was reduced to the size of the tooth treated 

endodontically.  A second CBCT scan was completed at least four months after the root 

canal treatment was completed. 

 

Data Analysis 

 

Outcome Measures 

The outcome measure for the primary aim of this study was the change in 

periapical radiolucency area at 4 months.  The outcome measure for the secondary aim 1 

of this study was the proportion of teeth in each group that could be considered healed 

(no detectable periapical radiolucency) at 4 months using CBCT and conventional 

periapial digital radiography.  The outcome measure for the secondary aim 2 was the 

mean VAS score reported as post-obturation pain experience. 

 

Cone Beam Computed Tomography Volumetric Data 

The periapical index, developed by Orstavik, has been used as the clinical 

research standard for evaluating periapical healing since 1986 (15).  Recent advances in 

imaging, such as cone beam computed tomography (CBCT) allow more precise metrics 

than imaging using periapical radiographs.  CBCT has many useful applications for 

determining the precise anatomy of periapical pathology (48). Periapical healing was 
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evaluated in this study by measuring the area of the periapical radiolucency in three 

dimensions and calculating changes from baseline to 4-month follow up. 

Two CBCT scans were done for each patient.  The first scan provided a baseline 

record (immediate post-op) and the second scan was completed at the 4-month follow up 

appointment.  CBCT data was coded and stored.  Upon collection of all CBCT data, the  

area of each periapical radiolucency was calculated in three dimensions using Anatomage 

imaging software. The largest areas in three planes (coronal, axial and sagittal) were 

determined by an oral radiologist (LO) (See Fig. 4,5).   

Figure 4. Representative CBCT sections showing orientation marks in axial (upper left), 
coronal (lower left) and sagittal (upper right) planes 
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Figure 5. Representative axial, sagittal and coronal CBCT sections showing largest 
measured areas in each plane 

 

 

These three areas were averaged to determine one value that could be used for analysis.   

Three fiducial points in the axial, coronal and sagittal planes were selected in the 

immediate post-operative scan.  These three points were aligned in the second image to 

ensure consistent orientation of the CBCT volume.  The mean change in periapical 

radiolucency area was then calculated for each group and compared using statistical 

analysis for significance.  
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Statistical Analysis 

One-way ANOVA was used to evaluate differences between doxycycline and 

saline groups at baseline (immediately postoperative) and at the 4-month follow-up 

evaluation.  To minimize sampling bias, mean change in periapical radiolucency area 

from baseline to 4-month recall evaluation (Primary Aim) was tested with One-Way 

Analysis of Variance (One-Way ANOVA). Comparison of the percentage of healed cases 

(no detectable periapical radiolucency) at 4 months (Secondary Aim 1) was assessed with 

Fisher’s Exact test (PA radiographs) because more than 20% of the cells in χ
2 were not ≥ 

5.  Post-obturation VAS scores were analyzed by One-Way ANOVA controlling for pre-

operative VAS score using a linear regression model (Secondary Aim 2). 
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RESULTS 

 

Primary Aim 

n = 6 patients from the doxycycline and n = 7 patients from the saline group were 

included in the analysis of the primary aim.  Two patients were unavailable for recall and 

five patients are not yet due for recall.   

There was no statistically significant difference when comparing the change from 

baseline to 4 months in periapical radiolucency area between doxycycline and saline 

groups (p = 0.36, One-Way ANOVA) (See Table 2 and Fig. 6.). 

 
Table 2. One-Way ANOVA comparing change of mean periapical radiolucency areas 
between doxycycline and saline groups 

Group n Mean Standard Deviation F p-value 
Doxycycline 6 0.61 0.26 0.916 0.36 

Saline 7 0.50 0.11   
 
 
Figure 6.  Mean percentage decrease in periapical radiolucency area (F = 0.916, p = 
0.36) 
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Secondary Aim 1 

 n = 6 patients from the doxycycline and n = 7 patients from the saline 

group were included in the analysis of the secondary aim 1.  Two patients were 

unavailable for recall and five patients are not yet due for recall.   

There was no difference when comparing the percentage of healed cases (no 

detectable periapical radiolucency) at 4 months between doxycycline and saline groups 

using CBCT.  χ2 could not be calculated because a radiolucency was detected in all cases  

(See Table 3). 

 

Table 3. Presence of periapical radiolucency at 4 months (CBCT) 
 Radiolucency Absent Radiolucency Present 
Doxycycline 0 (0%) 6 (100%) 
Saline 0 (0%) 7 (100%) 

 

There was no difference when comparing the percentage of healed cases (no 

detectable periapical radiolucency) at 4 months between doxycycline and saline groups 

using periapical radiography (p = 0.41, Fisher’s Exact Test) (See Table 4). 

 

Table 4. Presence of periapical radiolucency at 4 months (PA Radiography) 
 Radiolucency Absent Radiolucency Present p-value 

Doxycycline 3 (50%) 3 (50%) 0.41 

Saline 2 (29%) 5 (71%)  
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Secondary Aim 2 

n = 8 patients from the doxycycline and n = 10 patients from the saline group 

were included in the analysis of the secondary aim 2.  Two patients failed to return the 

VAS card via pre-paid mail.   

There was no significant difference between doxycycline and saline groups at any 

time point after controlling for pre-op pain (p > 0.05, One-Way ANOVA controlling for 

pre-op pain using a linear regression model) (See Table 5). 

 

Table 5. One-Way ANOVA comparing VAS scores between doxycycline and saline 
groups after controlling for pre-op pain 

Time 
 

Group Mean Standard Deviation F 
 

p-value 
 

Pre-op 
 

Doxycycline 
Saline 

2.13 
0.70 

4.36 
1.34 

0.969 
 

0.34 
 

6 hours 
 

Doxycycline 
Saline 

7.63 
1.90 

10.80 
3.41 

1.894 
 

0.26 
 

1 day 
 

Doxycycline 
Saline 

4.75 
1.30 

9.66 
2.54 

0.825 
 

0.43 
 

2 days 
 

Doxycycline 
Saline 

5.00 
0.30 

9.70 
0.48 

1.417 
 

0.32 
 

3 days 
 

Doxycycline 
Saline 

3.50 
0.60 

6.59 
1.07 

0.835 
 

0.43 
 

5 days 
 

Doxycycline 
Saline 

2.38 
0.70 

3.70 
1.34 

1.228 
 

0.35 
 

7 days 
 

Doxycycline 
Saline 

1.38 
0.50 

2.00 
0.97 

5.312 
 

0.11 
 

 

All patients had mild (<30/100 VAS) to no pain throughout the study period.  

Mean VAS scores showed a slight increase in discomfort (<8/100 VAS) at 6 hours that 

uniformly resolved by 7 days (See Fig. 7).   
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Figure 7.  2nd Visit Mean VAS scores.  0 - 30mm of 100mm scale shown in figure. (No 
significant difference between doxycycline and saline at all time points, p > 0.05, One-
Way ANOVA controlling for pre-op pain using a linear regression model) 

 

 

One patient from the doxycyline group reported 19 to 28 out of 100 points on the 

VAS scale for pain for approximately 3 days that was controlled adequately by 800mg of 

ibuprofen. Another patient from the doxycycline group reported 24 on the VAS scale at 

only one interval (6 hours) that was also controlled adequately by 800mg of ibuprofen.  

No patients reported post-operative pain or swelling that would require an unscheduled 

follow-up appointment (flare-ups).   
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DISCUSSION 

 

Primary Aim 

 The primary aim results may indicate a clinically relevant trend, but do not show 

a statistically significant difference between the doxycycline and saline groups.  One 

patient in the doxycycline group had lower healing than all other patients (20% reduction 

in mean periapical radiolucency area at 4 months).  This low value diluted the effect size 

of the study, but cannot be excluded as a statistical outlier because it is within two 

standard deviations of the mean.  Interestingly, This patient also had the smallest 

radiolucency at the beginning and end of the study: 5.20 mm2 and 4.16 mm2, 

respectively.  Small radiolucencies (< 15 mm2) were more difficult to interpret in the 

CBCT imaging software.  Large lesions (>16 mm2) more uniformly decreased in size 

throughout the study (mean decrease in area: 58%). 

Small sample size limited the power in this study. The achieved power for the 

statistical analysis of the primary aim was 0.07. Given an effect size of 0.11, an α = 0.05, 

a desired power of 0.80, and two groups, the necessary sample size to show a statistically 

significant difference is n = 650.  Repeating this study with a sample size of n = 650 is 

not reasonable.  

The achieved power for the statistical analysis of the secondary aim 1 was 0.19. 

Given an effect size of 0.21, an α = 0.05, a desired power of 0.80, and two groups, the 

necessary sample size to show a statistically significant difference is n = 132.  A larger 

sample size and a longer recall may show a greater effect size that would improve the 
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feasibility of future studies of this topic.  A larger effect size would concurrently improve 

the relevance of the treatment modality and decrease the sample size necessary to find 

significant differences. 

The trend of improved healing with treatment beyond the apical foramen agrees 

with Metzger an co-workers (13). This adds to the evidence that there is a periapical 

microbial factor that delays healing.  Metzger’s study, however, used an entirely different 

technique, periapical radiology in lieu of CBCT, and had a 6 month recall vs. the 4 month 

recall in this study. 

The Cone Beam Computed Tomography – Periapical Index (CBCT-PAI), 

introduced by Estrela in 2008 (14), is another method that has been suggested to evaluate 

outcomes.  The CBCT-PAI method, however, only measures the largest diameter of the 

periapical radiolucency in three dimensions.  The present study evaluated healing by 

measuring the largest area of the periapical radiolucency in three dimensions.  This more 

closely approximates the true 3 dimensional size of the periapical radiolucency.  Also, the 

present study maintained ratio data for analysis whereas the CBCT-PAI forces evaluators 

to rank-order their data into scores of 0-5.  Conversion of the ratio data of our study to 

rank-ordered data is not desirable because non-parametric data is less likely to uncover 

significant differences. Using the CBCT-PAI to evaluate healing in the present study 

would have limited ability detect differences because most of the lesions studied were 

large.  Large lesions would have been assigned a score of 5 (diameter of periapical 

radiolucency > 8mm) at the baseline and recall time points even though the area had 

decreased by more than 50%, indicating substantial healing.  Ultimately, it would be ideal 
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to obtain an exact measurement of periapical radiolucency volume instead of the largest 

diameter (CBCT-PAI method) or area (present study).   

The effects of local doxycycline in this study suggest a trend for improved healing 

that corroborates with extensive literature indicating that systemic doxycycline clinically 

reduces inflammation and improves healing. Cummings & Torabinejad (49) as well as 

Grevstad and co-workers (50) showed that systemic doxycycline significantly reduced 

bone resorption after endodontic and periodontal surgery. Golub and co-workers (51, 52) 

showed that tetracyclines inhibited bone resorption. They found that the mechanism by 

which the tetracyclines inhibited bone resorption was unrelated to its antimicrobial effect.  

Other studies have shown that tetracyclines suppress the synthesis of prostaglandins in 

gingival fibroblasts (53), and that doxycycline inhibits collagenase better than other 

tetracyclines (54). 

Another variable that may impact healing in the present study is the intracanal 

presence of bacteria during treatment.  Although it is currently accepted that root canals 

cannot be completely eradicated of bacteria (55-60), the presence of cultivable bacteria 

has been found to be a factor contributing to negative endodontic outcomes (61-63).  In 

contrast, Peters and Wesselink (64) found that 88% (7/8) of cases that showed a positive 

root-canal culture at the time of obturation healed. 

One sample (1/6) from the doxycycline group had cultivable bacteria present at 

the end of the 1st appointment.  Surprisingly, this was also the subject who had the 

greatest healing at 4 months as evaluated by CBCT (94% reduction in radiolucency area).  

Two samples (2/7) from the saline group had cultivable bacteria present at the end of the 

1st appointment.  Their healing (37% and 57% reduction in radiolucency area), however, 
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was unremarkable compared to the mean of their group (50% reduction in radiolucency 

area).  The effect of bacterial presence was influenced by inter-appointment medication 

with calcium hydroxide (CaOH2), second-visit use of sodium hypochlorite (3% NaOCl) 

and periapical doxycycline administration.  These antimicrobial regimens may have 

decreased the presence of cultivable bacteria prior to obturation although that sample was 

not taken in this study. 

 

 

Secondary Aim 1 

 Four-month conventional PA radiography showed healed periapical 

radiolucencies in 50% (3/6) of the doxycycline group and 29% (2/7) of the saline group. 

In contrast, all cases analyzed by CBCT had a measurable radiolucency at 4 months. 

100% of the cases showed some healing (20% to 94% reduction in area) using CBCT.  

This data indicates that four months was too short of an interval to see complete 

radiographic healing using CBCT.   

A disparity exists between the total percent of healed cases as analyzed by CBCT 

(0%) and PA radiography (38%).  This suggests that evaluation of periapical healing by 

PA radiographs will erroneously assign a healed status to cases that are still healing or 

non-healed as shown by the more sensitive CBCT imaging.  This finding concurs with 

that of Low and co-workers (65) that CBCT showed 34% more lesions than PA 

radiography (p < 0.001).  Estrela and co-workers (17) also found a disparity in the 

presence of periapical radiolucency associated with endodontically-treated teeth as 

evaluated by CBCT (63%), PA radiography (35%) and Panoramic radiography (18%) (p 
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< 0.001).  This ability of CBCT to identify incomplete healing misdiagnosed using PA 

radiography may be likened to the research of Brynolf (66) as well as Green and co-

workers (67) who found histologic evidence of periapical inflammation in root canal 

treated teeth with no radiographic signs of periapical radiolucency. 

 Metzger and co-workers (13) evaluated the Apexum extra-canal treatment 

modality using PA radiographs only.  They found complete healing at 6 months in 71% 

(30/42) of Apexum-treated teeth compared to 7% (2/31) of control teeth. At 3 months, 

their results were much lower; complete healing at 3 months was 28% (13/46) of 

Apexum-treated teeth compared to 8% (3/37) of control teeth. In comparison, 4-month 

complete healing according to PA radiographs in the present study was 50% (3/6) for the 

doxycycline group and 29% (2/7) for the saline group. This trend for improved healing in 

the present study with doxycycline requires a larger sample size and longer recall. It is 

reasonable that the present study may follow the trend from the Apexum study that 

showed the largest increase in healed cases between the 3-month and 6-month time 

points.  

 

Secondary Aim 2 

 All patients had mild (<30/100 VAS) to no pain throughout the study period.  

Mean VAS scores showed a slight increase in discomfort (<8/100 VAS) at 6 hours that 

uniformly resolved by 7 days. 

 Our data differs from other studies in that there was no incidence of moderate or 

severe pain indicated by any of the subjects in our study.  ElMubarak an co-workers (68) 

found that 11.4% of patients treated in two visits had severe pain.  That study used a 
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rank-ordered (four category) VAS that may not correlate exactly to the ratio data (0-100 

mm scale) VAS used in the present study.  The low incidence of post-operative pain in 

the present study is important because it shows that the periapical administration of small 

volumes (0.25ml) of saline or doxycycline do not contribute to an increase in post-

operative pain.  

The absence of flare-ups in the present study is also an important finding.  Flare-

ups occur in 1 to 10% of patients (39-41, 69-73).  The low flare-up rate most closely 

agrees with a previous study that included only patients with no pre-op pain (40).  Pre-op 

pain is generally accepted as the best indicator of post-op pain (39, 74).  Because pre-op 

pain in the present study was low (maximum 12/100 mm VAS) it would also be expected 

that mean post-op pain levels would be low, in agreement with previous studies. 
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Study Limitations 

 

1. The estimated effect size of the experiment was overestimated using data from the 

Apexum procedure (13).  The effect size in our study was 0.11 compared to 0.56 

in the study by Metzger and co-workers.  This led to a too limited sample size for 

the observed effect size.   

2. No change was made in dose of medication for large/small periapical 

radiolucencies.  Some subjects had more space than others to accommodate the 

0.25 ml volume of study medication. 

3. The variable quality of CBCT scans from the Planmeca ProMax unit made 

interpretation difficult.  Scatter from the radiopaque endodontic materials made it 

impossible to read some scans in more than one plane (e.g. axial). 

4. This study was combined with another study that used MTAD or NaOCl as 

irrigants in the first appointment.  This was controlled for by having an equal 

number of MTAD and NaOCl patients in each of the treatment groups in this 

study.  A separate study without MTAD would eliminate possible confounding 

variables. 

5. Delays obtaining funding and IRB approval as well as during recruitment made it 

necessary to have a short recall of 4 months.  A longer recall of 12 months or 

more using less-sensitive periapical radiography is normally accepted in outcome 

studies.  The justification for an accelerated 4-month recall schedule was that 

CBCT data is more sensitive and was expected to find significant differences 

earlier than would be possible using conventional radiography. 
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 Suggestions for Future Research 

 

1. The patients who have been enrolled, but have not yet finished the four-month 

recall must complete the study.  The patients in the current study should also be 

examined at one, two, three and four years to further monitor outcomes.   

2. This study should be repeated with a larger sample size and longer recall period.  

Power analysis with the observed effect size of 0.11 (Primary Aim –  CBCT) 

indicates that a sample size of n = 650 would be needed to achieve 0.80 power. 

Power analysis with the observed effect size of 0.21 (Secondary Aim 1 – 

periapical radiographs) indicates that a sample size of n = 132 would be needed to 

achieve 0.80 power. 

3. Better CBCT imaging methods may improve the ability to discern differences.  

The Planmeca ProMax unit that was used in this study occasionally produced 

CBCT volumes that were unreadable in more than one plane (e.g. Axial view).  

The Kodak 9000 CBCT unit appears to deliver better imaging capabilities for the 

purposes of this analysis although this has not been studied and was not available 

at the university during this research. 

4. Inclusion criteria should be changed to minimum size periapical radiolucency of 

5mm (from current 3mm) because of difficulty evaluating the change in 

radiolucency size of the smaller (~3mm) radiolucencies. 

5. Other potential medications/vehicles may provide a different mechanism of action 

and/or sustained release of the medication.  Arestin is one example of another 

potential medication.  It contains minocycline in microspheres that provide a 
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delayed release of the medication.  It is possible that such a delivery method could 

supersede the benefits of doxycycline’s substantivity.  
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CONCLUSIONS 

 

1. The local administration of doxycycline at the periapex of teeth with periapical 

lesions did not significantly affect outcomes in this study.  It did, however, show 

potential as a clinically relevant adjunct that warrants future research with a larger 

sample size and a longer recall period.   

2. Doxycycline did not appear to have any deleterious effects upon healing of 

periapical lesions and it was not associated with significant increases in post-

operative pain. 
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APPENDIX 1. A priori Power Analysis 
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APPENDIX 2. VAS card for self-reporting of pain experience 
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APPENDIX 3. SPSS output for Fisher’s Exact Test of healed cases at 4 months (PA 

radiography) 
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APPENDIX 4. SPSS output for ANOVA of area data 
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APPENDIX 5. SPSS output for ANOVA of VAS data  
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APPENDIX 6. Post hoc Power Analysis (0.11 effect size from Primary Aim – CBCT) 
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APPENDIX 7. Post hoc Power Analysis (0.21 effect size from Secondary Aim 1 – 

Periapical radiograph) 



 

 

44

REFERENCES 
 

1. Akerblom A, Hasselgren G. The prognosis for endodontic treatment of obliterated 
root canals. J Endod 1988;14(11):565-567. 

2. Sjogren U, Hagglund B, Sundqvist G, Wing K. Factors affecting the long-term 
results of endodontic treatment. J Endod 1990;16(10):498-504. 

3. Orstavik D. Time-course and risk analyses of the development and healing of 
chronic apical periodontitis in man. Int Endod J 1996;29(3):150-155. 

4. Sunde PT, Tronstad L, Eribe ER, Lind PO, Olsen I. Assessment of periradicular 
microbiota by DNA-DNA hybridization. Endod Dent Traumatol 2000;16(5):191-196. 

5. Sunde PT, Olsen I, Debelian GJ, Tronstad L. Microbiota of periapical lesions 
refractory to endodontic therapy. J Endod 2002;28(4):304-310. 

6. Nair PN, Sjogren U, Krey G, Kahnberg KE, Sundqvist G. Intraradicular bacteria 
and fungi in root-filled, asymptomatic human teeth with therapy-resistant periapical 
lesions: a long-term light and electron microscopic follow-up study. J Endod 
1990;16(12):580-588. 

7. Nair PN, Sjogren U, Figdor D, Sundqvist G. Persistent periapical radiolucencies 
of root-filled human teeth, failed endodontic treatments, and periapical scars. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 1999;87(5):617-627. 

8. Walton RE, Ardjmand K. Histological evaluation of the presence of bacteria in 
induced periapical lesions in monkeys. J Endod 1992;18(5):216-227. 

9. Fouad AF, Walton RE, Rittman BR. Induced periapical lesions in ferret canines: 
histologic and radiographic evaluation. Endod Dent Traumatol 1992;8(2):56-62. 

10. Tronstad L, Barnett F, Riso K, Slots J. Extraradicular endodontic infections. 
Endod Dent Traumatol 1987;3(2):86-90. 

11. Ricucci D, Martorano M, Bate AL, Pascon EA. Calculus-like deposit on the 
apical external root surface of teeth with post-treatment apical periodontitis: report of two 
cases. Int Endod J 2005;38(4):262-271. 

12. Waltimo T, Trope M, Haapasalo M, Orstavik D. Clinical efficacy of treatment 
procedures in endodontic infection control and one year follow-up of periapical healing. J 
Endod 2005;31(12):863-866. 

13. Metzger Z, Huber R, Slavescu D, Dragomirescu D, Tobis I, Better H. Healing 
Kinetics of Periapical Lesions Enhanced by the Apexum Procedure: A Clinical Trial. J 
Endod 2009;35(2):153-159. 



 

 

45

14. Estrela C, Bueno MR, Azevedo BC, Azevedo JR, Pecora JD. A new periapical 
index based on cone beam computed tomography. J Endod 2008;34(11):1325-1331. 

15. Orstavik D, Kerekes K, Eriksen HM. The periapical index: a scoring system for 
radiographic assessment of apical periodontitis. Endod Dent Traumatol 1986;2(1):20-34. 

16. Orstavik D. Reliability of the periapical index scoring system. Scand J Dent Res 
1988;96(2):108-111. 

17. Estrela C, Bueno MR, Leles CR, Azevedo B, Azevedo JR. Accuracy of cone 
beam computed tomography and panoramic and periapical radiography for detection of 
apical periodontitis. J Endod 2008;34(3):273-279. 

18. Trope M, Pettigrew J, Petras J, Barnett F, Tronstad L. Differentiation of radicular 
cyst and granulomas using computerized tomography. Endod Dent Traumatol 
1989;5(2):69-72. 

19. Lofthag-Hansen S, Huumonen S, Grondahl K, Grondahl HG. Limited cone-beam 
CT and intraoral radiography for the diagnosis of periapical pathology. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 2007;103(1):114-119. 

20. Frisk F, Hugoson A, Hakeberg M. Technical quality of root fillings and periapical 
status in root filled teeth in Jonkoping, Sweden. Int Endod J 2008;41(11):958-968. 

21. Kvist T, Reit C. Results of endodontic retreatment: a randomized clinical study 
comparing surgical and nonsurgical procedures. J Endod 1999;25(12):814-817. 

22. Ozawa T, Tsuchida M, Yamazaki Y, Arai T. Minimally invasive periapical 
curettage of foreign materials in periapical lesions using a fiberscope. Int Dent J 
2003;53(5):314-322. 

23. Metzger Z, Huber R, Tobis I, Better H. Enhancement of Healing Kinetics of 
Periapical Lesions in Dogs by the Apexum Procedure. J Endod 2009;35(1):40-45. 

24. Becker GL, Cohen S, Borer R. The sequelae of accidentally injecting sodium 
hypochlorite beyond the root apex. Report of a case. Oral Surg Oral Med Oral Pathol 
1974;38(4):633-638. 

25. LeCorn DW, Vertucci FJ, Rojas MF, Progulske-Fox A, Belanger M. In vitro 
activity of amoxicillin, clindamycin, doxycycline, metronidazole, and moxifloxacin 
against oral Actinomyces. J Endod 2007;33(5):557-560. 

26. August DS, Levy BA. Periapical actinomycosis. Oral Surg Oral Med Oral Pathol 
1973;36(4):585-588. 

27. Weir JC, Buck WH. Periapical actinomycosis. Report of a case and review of the 
literature. Oral Surg Oral Med Oral Pathol 1982;54(3):336-340. 



 

 

46

28. Figures KH, Douglas CW. Actinomycosis associated with a root-treated tooth: 
report of a case. Int Endod J 1991;24(6):326-329. 

29. Jeansonne BG. Periapical actinomycosis: a review. Quintessence Int 
2005;36(2):149-153. 

30. Ricucci D, Siqueira JF, Jr. Apical actinomycosis as a continuum of intraradicular 
and extraradicular infection: case report and critical review on its involvement with 
treatment failure. J Endod 2008;34(9):1124-1129. 

31. Bettany JT, Peet NM, Wolowacz RG, Skerry TM, Grabowski PS. Tetracyclines 
induce apoptosis in osteoclasts. Bone 2000;27(1):75-80. 

32. Golub LM, Ramamurthy NS, McNamara TF, Greenwald RA, Rifkin BR. 
Tetracyclines inhibit connective tissue breakdown: new therapeutic implications for an 
old family of drugs. Crit Rev Oral Biol Med 1991;2(3):297-321. 

33. Ramamurthy NS, Vernillo AT, Greenwald RA, Lee HM, Sorsa T, Golub LM, et 
al. Reactive oxygen species activate and tetracyclines inhibit rat osteoblast collagenase. J 
Bone Miner Res 1993;8(10):1247-1253. 

34. Kakehashi S, Stanley HR, Fitzgerald RJ. The Effects of Surgical Exposures of 
Dental Pulps in Germ-Free and Conventional Laboratory Rats. Oral Surg Oral Med Oral 
Pathol 1965;20:340-349. 

35. Lin LM, Pascon EA, Skribner J, Gangler P, Langeland K. Clinical, radiographic, 
and histologic study of endodontic treatment failures. Oral Surg Oral Med Oral Pathol 
1991;71(5):603-611. 

36. Cheung GS. Endodontic failures--changing the approach. Int Dent J 
1996;46(3):131-138. 

37. Iwu C, MacFarlane TW, MacKenzie D, Stenhouse D. The microbiology of 
periapical granulomas. Oral Surg Oral Med Oral Pathol 1990;69(4):502-505. 

38. Wayman BE, Murata SM, Almeida RJ, Fowler CB. A bacteriological and 
histological evaluation of 58 periapical lesions. J Endod 1992;18(4):152-155. 

39. Walton R, Fouad A. Endodontic interappointment flare-ups: a prospective study 
of incidence and related factors. J Endod 1992;18(4):172-177. 

40. Walton RE, Chiappinelli J. Prophylactic penicillin: effect on posttreatment 
symptoms following root canal treatment of asymptomatic periapical pathosis. J Endod 
1993;19(9):466-470. 

41. Pickenpaugh L, Reader A, Beck M, Meyers WJ, Peterson LJ. Effect of 
prophylactic amoxicillin on endodontic flare-up in asymptomatic, necrotic teeth. J Endod 
2001;27(1):53-56. 



 

 

47

42. Ranta H, Haapasalo M, Ranta K, Kontiainen S, Kerosuo E, Valtonen V, et al. 
Bacteriology of odontogenic apical periodontitis and effect of penicillin treatment. Scand 
J Infect Dis 1988;20(2):187-192. 

43. Prosser BL, Taylor D, Dix BA, Cleeland R. Method of evaluating effects of 
antibiotics on bacterial biofilm. Antimicrob Agents Chemother 1987;31(10):1502-1506. 

44. Bystrom A, Happonen RP, Sjogren U, Sundqvist G. Healing of periapical lesions 
of pulpless teeth after endodontic treatment with controlled asepsis. Endod Dent 
Traumatol 1987;3(2):58-63. 

45. Sjogren U, Figdor D, Spangberg L, Sundqvist G. The antimicrobial effect of 
calcium hydroxide as a short-term intracanal dressing. Int Endod J 1991;24(3):119-125. 

46. Goodman LS, Gilman A, Brunton LL, Lazo JS, Parker KL. Goodman & Gilman's 
the pharmacological basis of therapeutics. 11th ed. New York: McGraw-Hill; 2006. 

47. Company T-E. Doxycycline Hyclate MSDS.   [cited February 5, 2009]; Available 
from: http://www.toku-e.com/files/upload/MSDS%20Doxycycline%20Hyclate.pdf 

48. Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG. Endodontic 
applications of cone-beam volumetric tomography. J Endod 2007;33(9):1121-1132. 

49. Cummings GR, Torabinejad M. Effect of systemic doxycycline on alveolar bone 
loss after periradicular surgery. J Endod 2000;26(6):325-327. 

50. Grevstad HJ. Doxycycline prevents root resorption and alveolar bone loss in rats 
after periodontal surgery. Scand J Dent Res 1993;101(5):287-291. 

51. Golub LM, Ramamurthy N, McNamara TF, Gomes B, Wolff M, Casino A, et al. 
Tetracyclines inhibit tissue collagenase activity. A new mechanism in the treatment of 
periodontal disease. J Periodontal Res 1984;19(6):651-655. 

52. Gomes BC, Golub LM, Ramamurthy NS. Tetracyclines inhibit parathyroid 
hormone-induced bone resorption in organ culture. Experientia 1984;40(11):1273-1275. 

53. ElAttar TM, Lin HS, Shultz R. Effect of minocycline on prostaglandin formation 
in gingival fibroblasts. J Periodontal Res 1988;23(5):285-286. 

54. Yanagimura M, Hara K, Nohara H. Collagenase activities in healthy and inflamed 
gingiva of dogs. J Periodontal Res 1983;18(1):1-10. 

55. Siqueira JF, Jr., Guimaraes-Pinto T, Rocas IN. Effects of chemomechanical 
preparation with 2.5% sodium hypochlorite and intracanal medication with calcium 
hydroxide on cultivable bacteria in infected root canals. J Endod 2007;33(7):800-805. 

56. Rocas IN, Siqueira JF, Jr. In vivo antimicrobial effects of endodontic treatment 
procedures as assessed by molecular microbiologic techniques. J Endod;37(3):304-310. 



 

 

48

57. Bystrom A, Sundqvist G. The antibacterial action of sodium hypochlorite and 
EDTA in 60 cases of endodontic therapy. Int Endod J 1985;18(1):35-40. 

58. Vianna ME, Horz HP, Gomes BP, Conrads G. In vivo evaluation of microbial 
reduction after chemo-mechanical preparation of human root canals containing necrotic 
pulp tissue. Int Endod J 2006;39(6):484-492. 

59. Siqueira JF, Jr., Rocas IN, Paiva SS, Guimaraes-Pinto T, Magalhaes KM, Lima 
KC. Bacteriologic investigation of the effects of sodium hypochlorite and chlorhexidine 
during the endodontic treatment of teeth with apical periodontitis. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2007;104(1):122-130. 

60. Huffaker SK, Safavi K, Spangberg LS, Kaufman B. Influence of a passive sonic 
irrigation system on the elimination of bacteria from root canal systems: a clinical study. 
J Endod;36(8):1315-1318. 

61. Engstrom B, Frostell G. Experiences of Bacteriological Root Canal Control. Acta 
Odontol Scand 1964;22:43-69. 

62. Sjogren U, Figdor D, Persson S, Sundqvist G. Influence of infection at the time of 
root filling on the outcome of endodontic treatment of teeth with apical periodontitis. Int 
Endod J 1997;30(5):297-306. 

63. Oliet S, Sorin S. Evaluation of Clinical Results based upon Culturing Root 
Canals. Int Endod J 1969;3(1):3-6. 

64. Peters LB, Wesselink PR. Periapical healing of endodontically treated teeth in one 
and two visits obturated in the presence or absence of detectable microorganisms. Int 
Endod J 2002;35(8):660-667. 

65. Low KM, Dula K, Burgin W, von Arx T. Comparison of periapical radiography 
and limited cone-beam tomography in posterior maxillary teeth referred for apical 
surgery. J Endod 2008;34(5):557-562. 

66. Brynolf I. A histological and roentgenological study of the periapical region of 
upper incisors. Odontol Revy 1967;18(Suppl. 11):1-97. 

67. Green TL, Walton RE, Taylor JK, Merrell P. Radiographic and histologic 
periapical findings of root canal treated teeth in cadaver. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 1997;83(6):707-711. 

68. El Mubarak AH, Abu-bakr NH, Ibrahim YE. Postoperative pain in multiple-visit 
and single-visit root canal treatment. J Endod 2010;36(1):36-39. 

69. Trope M. Relationship of intracanal medicaments to endodontic flare-ups. Endod 
Dent Traumatol 1990;6(5):226-229. 

70. Trope M. Flare-up rate of single-visit endodontics. Int Endod J 1991;24(1):24-26. 



 

 

49

71. Alacam T, Tinaz AC. Interappointment emergencies in teeth with necrotic pulps. 
J Endod 2002;28(5):375-377. 

72. Siqueira JF, Jr. Microbial causes of endodontic flare-ups. Int Endod J 
2003;36(7):453-463. 

73. Tsesis I, Faivishevsky V, Fuss Z, Zukerman O. Flare-ups after endodontic 
treatment: a meta-analysis of literature. J Endod 2008;34(10):1177-1181. 

74. Torabinejad M, Kettering JD, McGraw JC, Cummings RR, Dwyer TG, Tobias 
TS. Factors associated with endodontic interappointment emergencies of teeth with 
necrotic pulps. J Endod 1988;14(5):261-266. 
 
 


