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Abstract 

 

Title: The Association of Statin Intake and Healing of Apical Periodontitis After Root 

Canal Treatment 

Maha M. Alghofaily, Master of Science 2017 

Thesis Directed By:  Dr. Patricia A. Tordik, DMD, FICD, Clinical Professor. Director of 

ASE Endododontics Residency Program, Director of Endodontics Division, 

Department of Advanced Oral Sciences & Therapeutic 

The aim of this study was to analyze the association between statin intake and apical 

periodontitis healing after root canal treatment.  Patients who self-reported statin use 

during the treatment and patients who reported never taking statins were included.  All 

who received treatment on a tooth with a periapical radiolucency in the Postgraduate 

Endodontics Clinic, University of Maryland School of Dentistry (2011-2014) were 

invited for a two to five-year follow-up examination.  Sixty teeth were examined, in 30 

patients taking statins and 30 not taking statins (control).  Healing was determined using 

the periapical index. Two calibrated endodontists assessed outcomes blinded to 

preoperative status.  Fisher’s Exact Test (FET) showed a significant difference in healing 

at the two-year or greater follow-up in patients taking statins compared to those who did 

not (93.0% vs. 70%, FET, p=.02).  This study revealed a significant association between 

statin intake and healing of apical periodontitis after root canal treatment. 
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INTRODUCTION  

       Apical periodontitis (AP) is an inflammatory disorder caused by the spread of 

polymicrobial infection from within the root canal system of affected teeth to the 

surrounding periapical tissues (1).  Successful endodontic treatment involves elimination 

of infection in the root canal space as well as providing an environment favorable to 

periapical healing and repair.  As repeatedly shown in the endodontic literature, failure to 

achieve the aforementioned goals may result in persistence of the infection process, with 

the inevitable subsequent comorbid effects on the quality of life of the population at large 

(2). 

 

       Apical periodontitis is a prevalent health problem.  Epidemiological studies from 

different countries have shown that the prevalence of apical periodontitis is relatively 

high in endodontically treated teeth.  Several authors have reported frequencies of apical 

periodontitis in root filled teeth between 27 to 64% from different populations (3-6). 

 

       The disease occurs as result of the dynamic actions between microbial pathogens and 

their metabolic byproducts and host’s immune response (7).  Complex immunologic 

mechanisms are activated to protect the pulp and periapical region but also cause host 

tissue destruction and mediate periapical bone resorption.  Different inflammatory 

cytokines or other mediators play a role in progression of periapical lesions.  Interleukin-

1a (IL-la), tumor necrosis factor-a (TNFα), interleukin-6 (IL-6), and interleukin-l1 (IL-I 

I) can differentiate osteoclast from monocyte and macrophages. Bony destruction is a 

distinctive function of osteoclasts (8, 9).  The most important factor in activation and 
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survival of the osteoclasts is the receptor activator Nuclear Factor-Kappa B ligand 

(RANKL) when it is connected to its receptor, which is Receptor Activator for Nuclear 

Factor-Kappa B (RANK).  Osteoprotegerin (OPG) is a decoy receptor for RANKL and 

therefore competes with RANK, which can attenuate bony destruction (9, 10).  

 

       Understanding the healing is as important as knowing the pathogenesis of the 

disease.  Healing includes the process of resolution, regeneration, and repair (11).  

Elimination of irritants from the canal systems non-surgically, will result in reduction of 

inflammatory mediators in periapical tissue and inactivation of the inflammatory cells by 

the body host response (12).  This is followed by bony regeneration and repair. As a 

response to different mediators and cytokines such as transforming growth factors type 

beta (TGF- β), vascular endothelial growth factor (VEGF) and bone morphogenetic 

protein-2 (BMP-2), osteoprogenitor cells or mesenchymal cells can undergo 

differentiation and proliferation into osteoblast for formation of bone matrix (13).  

       Healing of apical periodontitis lesions follows the general principle of wound healing 

of connective tissues elsewhere in the body, if the treatment is carried out adequately 

under a proper nonsurgical root canal therapy.  However, there are some cases in which 

the treatment has followed the highest standards and yet result in lesions that may persist 

radiographically (14).  

 

       There are local and systemic factors that could alter the healing response of 

periradiculr tissues.  Some of the local factors include anatomical complexity of the root 

canal system, persistent intra radicular organisms, extra-radicular biofilm, and foreign 
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bodies reactions (15, 16).  Furthermore, there are factors located beyond the root canal 

system known as systemic factors.  Evidence from experimental and clinical studies have 

shown that healing of periapical lesions can be associated with these systemic factors that 

could alter the healing response (17-19).  One of the first relationships that is highly 

reported in the literature and may increase the likelihood of impaired healing of apical 

periodontitis lesions after nonsurgical root canal therapy is diabetes mellitus (DM) (17, 

20-22).  In diabetic patients, there is a high risk of systemic infection due to impaired 

immune system.  Several studies suggested that diabetes may serve as a disease modifier 

due to the strong association of this disease and reduced endodontic treatment outcomes 

with preoperative infections (17, 23).  Also, cardiovascular disease (CVD), some studies 

reported a positive correlation between AP and coronary risk (24-26), whereas others 

reported negative or inconclusive findings (27-29).  Immunocompromised patients, such 

as HIV patients, did not identified as a risk factor for impaired healing of apical 

periodontitis.  These patients responded with similar healing to counterpart patients after 

nonsurgical endodontic therapy (30).  However, a systematic review suggested a close 

relationship between molecular markers of systemic inflammation and endodontic 

infection (31). In addition, the effect of smoking is far less conclusive.  While one study 

has linked smoking to an increase in the prevalence of AP (32), others did not definitively 

show the association  of AP and endodontic treatment among smokers (33, 34).  Despite 

the contradictory evidence that may connect the systemic diseases with endodontic 

infection, a recent systematic review studied the association of systemic diseases 

including (CVD, DM, blood disorder, chronic liver diseases, and bone mineral density) 
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and apical periodontitis suggested that there may be a moderate risk and correlation 

between some systemic diseases and apical periodontitis. 

 

       Relatively little is known in the literature about what turns off the inflammatory 

system after elimination of irritants compared to the information known about what turns 

the inflammation on (11).  In spite of that, systemic medications could lead to unintended 

benefit on the inflammation and bone healing (35).  

 

Review of The Literature 

Statins and Bone Healing 

       Researchers have shown compelling evidence that statins stimulate the expression of 

bone anabolic factors such as: vascular endothelial growth factor (VEGF) and bone 

morphogenetic protein-2(BMP-2) (36), and to promote osteoblast differentiation and 

mineralization in MC3T3-E1 cells (37, 38).  Also, statins’ effect in on RANKL-induced 

NF-Kappa B activation pathway can lead to inhibition of osteoclastogenesis(39).  Other 

potential pleiotropic effects of statins involve immunomodulatory, antioxidant, 

antithrombotic and endothelium stabilization actions (40), as well as inhibiting tumor 

cells growth and enhancing intracellular calcium mobilization (41).  

 

       Statins are a group of anti-lipid drugs that are widely used against cardiovascular 

events (42).  Statins exert their effect by inhibition of 3-hydroxy-3-methylglutaryl-

coenzyme A reductase (HMG-CoA reductase).  Various pharmacokinetic actions have 

explored the mechanism of action of statin.  HMG-CoA reductase catalyzes the 
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conversion of HMG-CoA into mevalonate, the rate-limiting step in the cholesterol 

biosynthetic pathway.  It works by inhibiting the formation of mevalonate, the precursor 

of the cholesterol and isoprenoid compounds of great biologic importance such as the 

variety of GTPases proteins (guanosine triphosphatases such as Rho, Rac and Rap).  

Therefore, statins down regulate a number of inflammatory reactions such as the 

activation of reactive oxygen species and NF-kappa B and reduce endothelial nitric oxide 

synthase.  Small G proteins involved in different pathways to regulate osteogenesis, and 

increase bone formation, by enhancing osteoblast differentiation, and decreasing 

osteoclast differentiation.  Beside modulation of mevalonic pathway, it can directly 

inhibit osteoclastogenesis by increasing the expression of estrogens receptors to reduce 

bone resorption.  Direct effect of statins exerts on bone formation through the TGF-β/ 

Smad3 signaling pathway to suppress osteoblast apoptosis (43).  Statins can also decrease 

interleukin 6 production and NF-kB signaling in response to lipopolysaccharides (LPSs).  

In addition, they have been shown to inhibit proinflammatory cytokine expression in 

monocytes (44-48).  

 

       The pharmacological efficacy and safety of statins comes from their selective 

localization to the liver, less than 5% of the given does reaches the systemic circulation. 

Their high hepatic targeting property make the statins less likely to accumulate in mineral 

bone as bisphosphonate medications do (49).  

 

       Several forms of statins are widely available and prescribed.  The statin family 

includes naturally existing lovastatin and chemically modified simvastatin and 
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pravastatin (48).  Simvastatin is lipophilic and has been shown to be among the most 

potent in stimulating bone growth (48, 50).  Various application of statins on bone 

healing has been investigated.  However, parenteral forms are fetal for humans and that is 

why statins are prescribed orally in treatment of hyperlipidemia(51).  

 

       In late 1999, the pioneering works by Mundy et al. showed that in in vitro studies, 

statins, especially simvastatin and lovastatin, increased expression of BMP-2 mRNA in 

osteoblasts and also stimulated bone formation when injected subcutaneously over the 

murine calvaria (48, 52).  Later, growing evidence confirmed the positive effect on bone 

formation in various in in vitro studies and in vivo studies.  In addition, some clinical 

studies focusing on their therapeutic effects on different bone diseases including 

osteoporosis (53), fracture (54) and bone defects (23, 55) have been published. 

 

       Several in vitro studies have confirmed a positive effect in bone formation from 

statins on cellular levels including promotion of osteoblastic differentiation in mouse 

osteoblastic cells (37, 38), human osteosarcoma cells (56), murine embryonic stem cells 

(57), human periodontal ligament cells (58) and, recently, differentiation of human dental 

pulp cells (59). 

 

Statins and Periodontal Diseases 

       Various studies have examined the use of statins in the context of periodontitis and 

oral implants.  Systemic application of simvastatin showed an increase in osteogenesis 

around the titanium implant in the rat model (60).  In addition, topical application or 
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delivered statin showed regulation of mandibular bone deposition (61), and a protective 

effect on tooth attachment and alveolar bone level in experimental marginal periodontitis 

models (62).  

 

       Retrospective clinical studies have shown that patients with advanced chronic 

periodontitis who were treated with simvastatin or atorvastatin had lower indexes of 

probing depths (PD) than those not receiving statin (63).  In patients with chronic 

periodontitis, statins were suggested to be associated with decreased tooth loss (64).  A 

randomized clinical trial compared the effect of daily administration of 20 mg of 

atorvastatin with placebo in subjects with periodontal disease.  Although both groups had 

improvement in their periodontal conditions, atorvastatin showed a beneficial effect on 

bone alveolar loss and tooth mobility (65).  

 

Statins and Pulpal and Apical Diseases 

       Some studies have investigated the effect of statins on periapical lesions.  The effect 

of statins upon bone formation is, in part, as an anti-inflammatory and 

immunomodulatory agent as demonstrated in experimental studies.  Administration of 

simvastatin in induced periapical lesions in rats significantly attenuated periapical bone 

resorption compared with control group by diminishing CD-68-positive macrophages as 

well as protecting osteoblast cell from degradations at the cellular level (45, 66).  

Furthermore, the findings of Shadmehr and Khademi concur with the results of previous 

studies.  They observed that oral administration of simvastatin attenuated RANKL 



 

 8 
 

expression.  This mechanism might help to explain the reduction in bone resorption 

following statin administrations in the induced periapical lesion rat model (67). 

 

       Further, statins have linked to be an effective material for bone and dentin 

regeneration.  Statins can be an ideal active ingredient to accelerate the differentiation of 

DPSCs.  In one study, Quantitative RT-PCR revealed simvastatin-treated dental pulp 

stem cells could exhibit odontogenic differentiation (59).  In addition, simvastatin has 

been shown to improve dentinogenesis and odontogenesis activities in presence of wide 

pulp capping materials (68). 

 

       As response of different laboratorial evidence that showed statins can stimulate 

dentin formation by activation of odontoblast, systemic intake of statins was also, found 

to increase pulp chamber calcifications in mandibular molars (69).  The author 

necessitates the awareness for possible endodontic diagnostic and treatment challenges in 

patients taking these medications.  

 

The Periapical Index (PAI) 

       This study involved assessment of endodontic healing using periapical radiographs.  

Goldman et al. demonstrated poor inter- and intra-observer reliability in interpretation of 

periapical radiographs, and in order to make more reliable criterion, PAI was used to 

describe the status of periapical tissues (70, 71).  PA Index is scoring system from 1 to 5 

that is used for assessment of apical periodontitis in dental radiograph.  This scale is 

based on findings of Brynolf’s correlative histological and radiographic study of 
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periapical tissue in humans cadavers of maxillary teeth (72).  Brynolf’s histological-

radiographic correlation study was limited to maxillary anterior teeth.  Variations in soft 

tissue superimposition and physiologic remodeling may influence the interpretation of the 

images.  Therefore, the validity of this index had been evaluated in the literature.  Delano 

et al compared this index with quantitative assessment of osseous changes from digital 

radiographs by means of digital subtraction (densitometric estimates).  The findings of 

the study indicated that no difference in detection of apical periodontitis among the two 

methods (73).  This unbiased scoring system may afford improvement in the scientific 

aspect of radiographic interpretation in a large series of cases (74).  It appears to 

eliminate the subjectivity and show an  early objective detection of healing with a high 

degree of reliability (75).  The scoring system facilitated a more detailed assessment of 

degree/ extend of diseases. Further, the finding from Kirkevang et al. study increased the 

diagnostic value of this index. The study demonstrated the full prognostic value of each 

score using a full-mouth radiographic surveys of a random sample from a general 

population.  By repeated radiographic assessments of teeth using full-scale PAI, each 

score of the index had a distinct prognostic value for the course of periapical disease over 

a 5-year period for both non-filled and filled teeth (76).  On the other hand, traditional, 

the original full categories (full scale) has been dichotomized into PAI 1, 2 (health), PAI 

3,4, and 5 (Diseases) to facilitated communication and comparison of the results amongst 

various studies(76).  Several studies have used PAI for evaluating outcomes in 

endodontics.  Waltimo et al(77) utilized the changes in PAI score to analyze healing with 

or without bacterial elimination.  Other studies used the PAI score changes in order to 

study healing in 1 versus 2-visit root canal therapy (74, 78).  
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PURPOSE 

       To date, the role of different medications in the development of adverse or positive 

outcomes in the healing of periapical lesions has not been thoroughly explored.  All we 

have in our literature on the effect of these medications come from animal or in vitro 

studies.  Thus, patients and practitioners lack potentially important knowledge about 

health benefits or risks of different medications in relation to the treatment outcome of 

non-surgical root canal treatment.  Therefore, the purpose of this cohort study was to 

analyze the association between statin intake and apical periodontitis healing after root 

canal treatment. 

Hypothesis 

       It was hypothesized that the patients taking statins would have better healing of 

periapical lesions following root canal treatment.  Thus, the primary hypothesis is as 

follow: 

H1: Statins are associated with improved healing of periapical lesions following non-

surgical root canal treatment.  
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MATERIALS AND METHODS 

Research Design 

       This study was a retrospective observational investigation of the association of 

widely administered medications known as statins and the healing of apical periodontitis 

following root canal treatment using radiographic assessment (PAI).  The study was 

conducted in the postgraduate Endodontics Clinic, University of Maryland School of 

Dentistry after the approval of the Institutional Review Board (IRB) of the University of 

Maryland. Patient recruitment began in August 2016. 

Sample  

       A power analysis was performed to determine the required number of patients in the 

study.  With n=40 in statin group and n=40 for the control group was needed.  

Patient Selection and Recruitment 

        A search was performed in the Maryland Endodontics Record (MER), a 

comprehensive electronic record system for the Advanced Specialty Education in 

Endodontics Program at the University of Maryland School of Dentistry (ASE 

Endodontics) formulated through a file maker program.  The system permits postgraduate 

residents to record diagnostic and treatment data, which can be then searched for research 

purposes.  Queries of the database for keywords identified eligible patients for the study. 

       Two hundred and fifty dental records were reviewed based on the inclusion criteria 

for patients on statin medications and patients who were not on statins in which they had 

received well-performed root canal treatment (evaluated radiographically as dense, 

obturated canals between 0.5 and 1.0 mm of the radiographic apex, and all visible canals 



 

 12 
 

are treated with a coronal restoration that was clinically and radiographically determined 

to have well-sealed margins) for apical disease with radiographic evidence of a periapical 

lesion at least 3 mm in diameter in the postgraduate clinic two to five years prior to a 

follow-up examination in the ASE Endodontics clinics.  A total of 64 patients who were 

on statin medications met the inclusion criteria.  Control cases included 40 patients who 

were randomly selected using a random sequence list generator 

(https://www.random.org) that met the inclusion criteria but were not taking statins.  

       For patients who met the study’s inclusion criteria and completed a follow-up exam 

2-5 years post-treatment recently, data was collected from the dental record and HIPAA 

waiver and waiver of consent were applied to them. Patients who had not yet completed a 

follow-up exam 2-5 years post-treatment, were contacted, through mail, and then phone 

(if needed) and were invited to schedule an appointment for a follow-up exam. 

       Letters and phone calls broadly explained the purpose and procedures required for 

the study. Patients were asked to bring a list of their medications (if any).  Once the 

patients were reached directly via phone, or had received the letter, if they elected to 

participate, they were scheduled for a follow-up visit.  At the time of their appointment, a 

clinical exam determined whether they could be consented to participate in the study. 

       All parts of the follow-up examination were done at no cost to the patient.  In 

addition, a $75 check to cover parking and their time was sent to their home within three 

to four weeks after the dental visit.  Patients with symptoms or a non-healed lesion 

identified during the research examination were offered follow-up treatment at standard 

cost.  
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Inclusion Criteria 

       To be included in the research study, all patients had to meet the following inclusion 

criteria: 

•   Patients who received initial root canal treatment (NSRCT) or retreatment (Retx) 

in the ASE Endodontics clinic from 2011-2014. 

•   Patients must have had a pretreatment periapical diagnosis of symptomatic apical 

periodontitis, asymptomatic apical periodontitis, acute apical abscess, or chronic apical 

abscess with radiographic evidence of a periapical lesion at least 3 mm in diameter.  

•   Patients who self-reported their use of statins during the time of treatment were 

included and assigned to the statin group.  Patients who reported never receiving statins 

included as control.  

•   Following the completion of the NSRCT or Retx, the tooth received a coronal 

restoration that was clinically and radiographically determined to have well-sealed 

margins.  

•   The radiographic appearance of the NSRCT or Retx must be dense, obturated to 

between 0.5 and 1.0 mm of the radiographic apex, and all visible canals treated. 

•   Teeth must have a favorable periodontal prognosis as defined by less than 5 mm 

loss of attachment. 

•   If the patient had multiple root canal treated teeth, only the first treated tooth that 

met the criteria was included.  

•   The patient must be 18 years of age or older and able to consent to the study. 

•   The patient must be able to understand the English language to consent. 
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Exclusion Criteria 

•   Teeth with radiographic evidence of untreated canals, separated instruments, 

overfilled canals, root perforations or canal transportation.  

•   Patients were taking any medications known to alter bone metabolism such as 

hormone replacement therapy, immunosuppressive drugs, corticosteroids, SSRI, TNF 

blockers, IV bisphosphonates and/or anti-resorptive treatment.  

•   Patients who discontinued their statin medications more than one year before the 

follow-up examination. 

Procedures 

       Unless data were collected from a recent complete follow-up exam that met the 

inclusion criteria, patients contacted for the study were scheduled at the ASE 

Endodontics Clinic for a follow-up examination of the tooth that was previously 

endodontically treated.   

       First, a standard recall examination, including radiographic examination, as well as 

updating of the medical history and the list of medications, percussion, palpation, and 

periodontal probing were performed.  Also recorded were the patient’s age, gender, 

number of months since completion of endodontic treatment, type of treatment (whether 

initial or re-treatment), and which type of tooth was treated (single rooted, or multi-

rooted).  

       Finally, the dental exams determined if the patient met the inclusion criteria, and the 

patient was given the option to take part in the study.  

       Upon the participant’s acceptance, one of the research members reviewed the IRB 
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approved forms with the study patients, including risks and benefits of participating, and 

the rights to withdraw at any time.  Following review of the general consent, the HIPAA 

consent was also reviewed and signed for data collection.  All patient questions were 

answered. 

Data Collection  

       Information recorded from dental records and office visits were transferred to a data 

collection sheet.  Each study participant was assigned a research number.  This number 

was used for all further data collection and analysis. 

Analysis of Images 

       First, two experienced board certified endodontists (LH, PT), both with over 20 years 

of experience, underwent a calibration exercise by assessing a set of 100 reference 

radiographs provided by Orstavik (71).  The scores are based on correlation of 

inflammatory periapical statuses, identified in an earlier histological study (72), Table 1).  

Two dentists who were involved in the creation of this system determined the true scores 

of these images.  Each of the raters was given a reference image (Fig 1) and the following 

written instructions:  

1.   Find the reference radiograph (Fig 1) in which the periapical area most closely 

resembles the periapical area you are studying. 

2.   Assign the corresponding score (1-5) to the observed root.   

3.   When in doubt, assign a higher score. 

4.   For multirooted teeth, use the highest of the scores given to the individual roots. 

5.   All endodontically treated teeth must be given a score.  
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       The 100 images were analyzed individually. Then, the primary researcher (MA) had 

a brief meeting with each of the raters to review the images that were rated more than one 

digit from the true score.  To complete the calibration, a weighted Kappa was determined 

and calculated to be .77. 

       The observation of the study radiographs then followed.  The quality and type of 

restoration was masked from the rated.  Images from both groups of the teeth treated 

post-operatively and of the follow-up visit were put randomly in a folder for each of the 

raters.  A second a weighted Kappa was determined after the rater’s analysis of the study 

images. 

Table 1.  Periapical Index (PAI) scores and matching descriptions 

PAI Score Histologic Description 
1 Normal periapical structures or normal apical periodontium 
2 Small changes in periapical bone structure or bone structural changes 

indicating, but not pathognomonic for, apical periodontitis 
3 Changes in periapical bone structure with some mineral loss or bone 

structural changes with some mineral loss characteristic of apical 
periodontitis 

4 Demineralization of periapical bone with well-defined radiolucent area or 
well-defined radiolucency 

5 Demineralization of periapical bone with exacerbating features or 
radiolucency with radiating expansions of bone structural changes 

 
Figure 1.  Reference Image for PAI scoring 
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Confounding Variables  

       In order to provide for the most complete regression analysis in the study, the 

following potential confounding variables were collected from dental records and follow-

up visits and used for further analysis:  

•   A number of factors recorded from patients’ records and at the follow-up visit in 

order to test their impact on each other and on the outcome of the treatment (Table 2). It 

was thought that elimination of patients who had any of these variables would 

significantly reduce the available number of patients who were eligible for inclusion. 

•   Age, sex, systemic diseases. Also, dosage, type, frequency of statins were 

documented. A list of statin medications can be found in Table 3. 

Table 2.  List of variables to be considered for multivariate analysis 

Local Factors Systemic Factors 

Endodontic diagnosis Age 

Tooth type Sex 

Follow-up period in months Diabetes Mellitus 

Type of procedure performed Smoking 

 Cardiovascular disease 
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 Table 3.  List of the target medications 
 

Generic Name Brand Name 
  
Atorvastatin 
 
Atorvastatin with 
Amlodipine  

Lipitor 
 
Caduet 
 
 

Simvastatin 
 
Simvastatin with 
Niacin 
 

Zocor 
 
Simcor 
 

Fluvastatin                  Lescol, Lescol XL 
 

Pravastatin                  Pravachol 
 

Lovastatin  
 
Lovastatin with 
Niacin  

Altoprev 
 
Advicor 

 
Cerivastatin                

 
Baycol 

 
Rosuvastatin 
 
Pitavastatin 

 
Crestor 
 
Livalo 
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STATISTICAL ANALYSIS 

Sample Size Determination 

       Using Power and Precision TM (Englewood, NJ), the power computation was 

performed.  With an n of 40 in each group, a one-tail test, a p≤. 05, and a difference of at 

least 20% between the groups, power was equal to .80.  

Data Analysis 

       Raw data were entered into an Excel sheet. All analysis was done on the Statistical 

Package of the Social Sciences (SPSS, Version 25). Fisher’s Exact Test (Chi-Square 

assumption was not met) and Mann-Whitney U Test were used to analyze the difference 

in the healing of apical periodontitis between the statin and control groups.  A positive 

association between the statin used and the healing outcome was anticipated; therefore, a 

one-tail test was used to evaluate outcomes at a significance level of p ≤ .05.  The role of 

confounding variables (age, diagnosis, follow-up period, sex, tooth type, diabetes 

mellitus, cardiovascular disease, and smoking) was explored using multivariate logistic 

regression. 
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RESULTS 

Sample Size 

       The initial power analysis determined that 40 subjects in each group were needed for 

this study.  However, a total of 30 subjects from each group were enrolled.  

Statin Group 

       Of the 64 patients’ dental records in the statin group, 14 subjects who had had recent 

recalls were eligible for the study and had consent and HIPPA waivers.  Of the patients 

who did not have a recent recall, only 20 patients showed interest in participating.  Two 

of those failed to show up for their appointment and elected not to reschedule.  Sixteen 

patients were determined eligible for the study, elected to participate, and signed a 

consent form.  Two patients were excluded from the study following the recall 

examination; the first, as the evaluated tooth had been extracted after the completion of 

the treatment and the other had had significant mobility (grade 3) with coronal leakage. 

Therefore, 30 subjects were enrolled in the study.  A total of 30 teeth from 30 patients 

fulfilled the inclusion criteria, 20 males, and 10 females (Table 4), ranging from age 43-

86 years old (mean=69.3 ± 9.7 years). 

Control Group  

       In the control group, records of 40 subjects were randomly selected and screened. 

Seventeen patients had completed recall examinations recently, met the inclusion criteria, 

and were enrolled in the study. For 13 patients, the eligibility was determined after their 

recall and agreement to participate in the study.  The rest of the sample did not respond.  

The control group consisted of 30 teeth from 30 patients, 15 males, and 15 females 
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(Table 4), age 25-81 years old (mean=53.8± 16.1years).  Figure 2 shows the flowchart for 

patient recruitment and treatment.  

  Figure 2.  Flowchart for Patient Recruitment and Treatment 

 

Correlation Between Raters:  

       The calibration exercise for both raters’ competence, using the PAI index, was 

calculated with Pearson’s correlation.  The analysis found a value of r=. 69.  To further, 

to check the success of the calibration exercise, a Kappa statistics was run.  The average 

weighted Kappa was .77.  Both results indicated  “substantial agreement” between the 

two raters (79).   
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       At the conclusion of data collection, another analysis was performed in order to 

evaluate if there was a relationship between the two radiograph examiners’ findings.  The 

resultant analysis found a Kappa value=.84.  Kappa scores greater than .8 indicates 

“almost perfect agreement”  according to Landis and Koch (79). 

Basic Group Characteristics Compared Statistically  

       There were no significant differences between the two groups in sex, tooth type, and 

procedure type.  However, age was significantly different between the groups (p ≤.05).  

Also, no statistical difference in the mean follow time between the statin group and the 

control was found.  Median recall period for the statin group was 51.2 months and 53 

months for the control group.  (Table 4) 

       Teeth in the statin group showed a significant difference in PAI scoring when it 

recorded at the baseline time (immediately post treatment) to the minimum of 2-5 years 

re-evaluation time (P ≤.05).  The higher score means the difference in PAI score at initial 

treatment and recall was large.  (Table 4) 

       The statin medication used were simvastatin, atorvastatin, pravastatin, rosuvastatin, 

lovastatin in different dosage ranged from 10, 20, 40, and 80 mg daily.  About half of the 

sample from the statin group was taking simvastatin, but not all at the same with different 

dosages (10, 20, 40, and 80 mg).  
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Table 4.  Basic group characteristics  
 Statin (n=30) Control (n=30) Statistical 

test 
P value 

Age (years, mean 
SD) 

69.3 + 9 55.7 + 13 t test 
t=4.44 

p ≤. 05* 

Sex 
Females 
Males 

 
10 
20 

 
15 
15 

Fisher 
Exact 
Test 

 
p >.05 

Follow up (months, 
mean SD) 

 
51+ 14 

 
53+ 17 

t test 
t=-.46 

 
p >.05 

Tooth Type 
Single rooted 
Premolars 
Molars 

 
5 
8 
17 

 
7 
5 
18 

 
Fisher 
Exact 
Test 

 
 

p >.05 

Procedure Type 
NSRCT 
ReTx 

 
22 
7 

 
21 
9 

Fisher 
Exact 
Test 

 
p >.05 

PAI scores (mean 
rank) 

 
36.15 

 
24.85 

Mann-
Whitney 

U test 

 
p ≤. 05* 

* Indicates statistically significant value 

Recall Results 

       The PAI scores were dichotomized to1-2, considered healed, and 3-5, considered 

diseased.  Using Fisher’s exact test (FET), a significant difference was found in healing at 

the two-year or greater follow-up in patients taking statins compared to those who did not 

(93. 0% vs. 70%, FET, p=.02).  Results are presented in table 5.  

Table 5.  Summary of treatment outcomes in the statin and control group * 

 Statin  Control  

Healed n (%) 28 (93%) 21 (70%) 

Non-healed n (%) 2 (7%) 9 (30%) 

Total n 30 30 

* Indicates Fisher Exact Test, p ≤. 05 
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Confounding variables compared statistically  

       Different cofounding variables were compared with the outcome. None of these 

factors were associated with the healing outcome.  (Table 6)  

Table 6.  Association between outcomes of treatment with confounding variables 
 Healed Non-healed  Statistical 

Tests 
p-value 

CVD 
Yes (n=42) 
No (n=18) 

 
35 (71.4%) 
14 (77.8 %)  

 
7 (16.7%) 
4 (22.2%) 

 
Fisher Exact 

Test 

 
  p =.43 

Diabetes 
Yes (n=8) 
No (n=52) 

 
7 (87.5%) 
42 (80.8%) 

 
 1 (12.5%) 
10 (19.2%) 

 
Fisher Exact 

Test 

 
p =.55 

Smoking 
Yes (n=4) 
No (n=56) 

 
2 (50%) 

47 (83.9%) 

 
2(50%) 
9 (16%) 

 
Fisher Exact 

test 

 
p =.15 

Gender 
Male 
Female 

 
27 (77.1%) 
22 (88%) 

 
8 (22.9%) 
3 (12%) 

 
Fisher Exact 

Test 

. 
p =.23 

Age 
< 60 
>60 

 
31 (79.5%) 
18 (85.7)       

 
8 (20.5%) 
3(14.3%) 

 

 
Fisher Exact 

Test 

 
p =.412 

 

Procedure type 
NSRCT 
Retreatment 

 
35 (79%) 
14 (87%) 

 
9 (20 %) 
2 (12%) 

 
Fisher Exact 

Test 

 
p =.38 

Tooth type 
Incisors 
Premolars 
Molars 

 
10 (83.3%) 
9 (69.2%) 
30 (85.7%) 

 
2 (16.7%) 
4 (30.8%) 
5(14.3%) 

 
Chi-Square 
Test 

 
p =.45 

 

Logistic Regression Analysis  

       A Logistic Regression was performed to see which of the aforementioned potential 

confounding variables might affect the healing outcome, and to what extent.  This test 

allows for simultaneous testing and modeling of multiple independent variables.  The 

results of this analysis are shown in table 7.  
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       In this Logistic Regression, using a forward, stepwise, conditional method, with all 

variables statin, age, sex, tooth type, follow up period, type of procedure, diagnosis, 

smoking, diabetes, and CVD were entered into the analysis.  A significant relationship 

was found between statin intake and the endodontic outcome (healed vs. non-healed Cox 

and Snell, B=1.792, p=.032, Cox &Snell R2=.092).  Non-significant B values were found 

for all confounding variables.  The p value for the logistic regression (.032) comes from 

the Cox & Snell R2 analysis.  This R2=.092 explains that statins contributed to 10 % 

increase in endodontic lesions alongside complete the root canals(80).  

 
Table 7.  Multivariate Logistic regression. Influence of the independent variables 
(statin, age, diagnosis, follow-up period, sex, tooth type, diabetes mellitus, 
cardiovascular disease and smoking) on the healing outcome * 
 
Dependent 
variable 
(Healing 
Outcome) 

 

Significant 
independent 
variable 

B value Wald p 
value 

Cox & Snell 
R2 

0=non-   
healed 
1=healed 

 

Statin 1.792 4.623 .032 .092 

*All other variables were not significant 
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DISCUSSION 

       The initial power analysis determined that we needed 40 subjects in each group. 

However, due to difficulty in patient recruitment, only 30 patients from the statin group 

responded to our recall and were eligible for the study.  The reasons for not participating 

were change in address, death, unpaid balance, or not willing to come to the dental school 

anymore.  

 

       Even though the initial power analysis called on n=40, a significant result was found 

with n= 30 and the expected significant association was found.  To confirm that, post hoc 

power analysis, using the achieved results, was run, yielding a need for only 30 in each 

group.  As there are no previous studies looking at the effect of statins on the healing 

outcome, an efficiency of effect size was calculated. With a total sample size of 60, a p 

value of .05, a power of 80%, it was determined that statins had a large effect size=.50, 

meaning a small sample size was needed to see the association of statin intake and the 

healing outcome. (Figure 3)  

Figure 3. Post hoc analysis showed the effect size in relation to the total sample size 
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       In logistic regression, it was found that the B value of smoking and CVD were not 

significant, p=.19 and p=.26, respectively.  A power analysis was never run based on 

completing the logistic regression.  A larger N might be needed to find significant results 

for smoking and CVD.  

 

       To achieve high reliability and consistency in the radiographic analysis of the 

outcome, the examiners were calibrated, with “ almost perfect agreement” achieved for 

inter-observer reliability (79).  Often endodontists say that the PAI is a subjective tool, 

particularly when the scoring is 1-5.  The results of the calibration exercise in this study, 

however, showed that a high Kappa value was achieved.  This was probably because both 

raters are endodontists with more than twenty years of clinical experience.  This result 

questions the subjectivity assured for the PAI.  

 

       Despite this high level of consistency, the decision was made, by the researchers, to 

dichotomize the scores of the PAI into healed (1,2) and diseased (3-5) categories.  This 

approach allowed the results to be comparable to the more traditionally used 

dichotomized outcomes of healed and non-healed (81, 82).  Moreover, the use of the PAI 

scoring system is well documented in the literature and validated by Kirkevang et al. (76) 

and Delano et al. (73).  Both studies noted a high degree of consistency within the index.  

 

       The average age in this study was significantly different between the two groups with 

the statin group had mean age=69.3 ± 9.7 years and the control mean age=53.8 ± 16.1.  
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The study was limited to patients who were available for follow-up and hence it was 

difficult to precisely match the age groups.  As expected, statin intake was greater in the 

older age group, the statin group.  Although age was a factor that could not be controlled 

in this study, it was still accounted for and found in the logistic regression not to be 

significant in the healing outcome.  Several other studies have not shown that age or 

gender can significantly affect the outcome of nonsurgical root canal treatment or 

retreatment (8, 83-87). 

       Healing outcome was higher for the statin group (93 %) as compared to the control 

group (70%).  This difference was found to be statistically significant and clinically 

important and supports previous studies establishing the beneficial effect of statins in 

bone healing and increase in bone thickness (45, 88).  To the primary researcher’s 

knowledge, there are no clinical studies of statin intake available to compare with the 

present findings.  Different in vitro and in vivo experiments have shown the possible 

mechanisms that might explain a positive effect of statin intake on periapical lesions.  

Simvastatin activity has been shown to diminish the severity of apical lesions and reduce 

bone resorption by diminishing macrophage chemotaxis at the inflammation site and 

inhibit apoptosis of osteoblasts (45).  In addition, simvastatin might down regulate matrix 

metalloproteinase-8 (MMP-8) and, RANKL and accelerate expression of OPG in induced 

rat periodical lesions.  All of which, may contribute to the reduction of pathogenesis in 

periapical lesions in cases with bony defects and inflammation (89, 90).  This is a 

plausible biologic mechanism by which statin intake might have a positive impact on 

periapical disease.  There is a substantial body of evidence supports the role of 

microorganism in persistent infection(1).  However, It has been demonstrated that 



 

 29 
 

complete elimination of the bacteria cannot be achieved in both primary root canal 

treatment and retreatment using the current technique (91), therefore, the goal is 

minimized the burden of microbial infection and the severity of AP (92).  The role of host 

response seems evidence in patients taking statins.  Statins might have a maximum effect 

in teeth with periapical lesions in enhancing the healing by its anti-inflammatory 

mechanism and osteogenic properties.  

 

       The average healing in the control group was 70%.  This included cases with initial 

treatment and retreatment.  Several reports have compared the healing outcome of teeth 

with and without apical periodontitis.  The average healing in the control group is in line 

with what is most reported in the literature in endodontically teeth with apical 

periodontitis.  The reported outcomes of endodontically treated teeth with the presence of 

apical periodontitis was 78-85% (86, 87).  Different factors might contribute to the lower 

success rate in these other studies.  Some of these factors are complexity of the canal, 

persistence of bacteria, extra-radicular organisms, foreign body reactions, quality of root 

canal fillings, quality of the coronal leakage, or an impaired immune system, etc. (2, 3, 

93, 94).  However, this study incorporated inclusion and exclusion criteria that limit 

many of the above factors.  Other confounding factors that could not be controlled, they 

were accounted for with the research design.  Both groups were treated at the same 

institution, within the same time period, the same average follow up time, and the same 

clinical environment.  The study designed to have a follow-up time at a minimum 2-5 

years.  It is well known that longer recall is required in order to achieve complete 

resolution of periapical radiolucency (81) .  Other longitudinal studies also showed a 
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follow-up period time of 2 years is adequate for identification of most healed and not 

healed cases (95).  Reit suggested if an endodontic recall program is used, a minimum 

one year follow-up is required for reliable assessment of endodontic outcomes (96). 

However, longer follow up is required to evaluate the integrity of the definitive treatment, 

as some lesions can take up to 4-5 years or longer to heal completely (97) (81).  In this 

study, there was no significant difference in the average follow-up time between the 

statin group and the control group.  Both groups had a minimum follow-up of 2-5 years. 

The average follow-up time in the statin and the control group was 52.1 months and 53 

months respectively.  The results of this study indicated that both groups had fair amount 

of recall period to show evidence of complete healing radiographically.  However, it 

appears that statins might be partially mediated by their pleiotropic anti-inflammatory 

effect to enhance the healing of endodontically treated teeth with AP.  It is well known 

that root canal treatment of teeth with vital pulps in controlled environment yield success 

rate of more than 90%(93, 98).  Most quoted studies have reported approximately a 15-

20% lower success rate in cases with apical periodontitis (83, 86, 87, 99, 100).  Giving 

the results of this study, it appears that statins will improve the healing outcomes of 

endodontically treated teeth with apical lesions approximately by 10%. This might have a 

ceiling effect in teeth with periapical lesions, as the 90% value, approaches that of teeth 

with vital pulps. 

 

       Subjects in this study reported different types and dosage levels of statin use.  This 

study was statistically unable to relate specific types and dosages with healing.  Several 

forms of statins are widely available and prescribed.  Different studies have been 
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conducted to verify the effect of statins on bone formation and clinical applicability that 

reflect the positive effect of statins on periodontal health.   One study, by Subramanian et 

al, (101) evaluated the dose response effect on periodontal inflammation and bone repair. 

In a multicenter double blind randomized trial, a significant reduction in periodontal 

inflammation was found with a high doe (80 mg) of atorvastatin versus low dose (10 mg). 

The difference was even more significant in patients with severe bone loss.  In another 

study individual who took 20 mg of atorvastatin showed improvement in PD, tooth 

mobility, and radiographic depth of intrabony defects compared to a placebo.  On the 

other hand, in vitro studies showed simvastatin to be among the most potent of 

medications in stimulation of bone growth (48, 50).  Therefore, further research should 

examine whether the type or dosage of statins play a role in endodontic healing.  

 

       The association of general health with endodontic disease is still contradictory and 

further research is warranted (102).  Diabetes, CVD, and smoking as reported in the 

literature may or may not have an effect on the healing outcome (20, 32, 103).  The 

logistic regression in this study showed that only statin intake remained significant and 

associated with the outcome and these factors did not retain their prognostic value when 

entered simultaneously with statin.  CVD, alone, did not show a significant finding in the 

healing outcome as factor.  However, when it entered into the logistic regression, the 

results showed the B value was close to significant.  As expected CVD is more likely to 

be present with statin intake.  Although smoking showed a value near significant, only a 

small portion of the sample smoked.  Therefore, future studies are needed to explore 

effect of smoking in the healing outcome. 
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Study Limitations: 

       As mentioned in the discussion, this study was limited by having only patients who 

were available for follow up and with an unequal distribution of some of the variables 

between the groups.  Therefore, longitudinal studies from different populations and with 

a large sample size are needed to confirm theses preliminary finding.  

       Another limitation was the question of the accuracy of accurate of measurement of 

lesion size.  Though measurement of the lesion volume would represent the initial size 

and level of healing.  The PAI index doesn’t measure the lesion size.  The use of CBCT is 

expected to yield more accurate estimation of the rate of periradiculr healing.   

 

Future Directions  

       As mention above, to the researcher’s knowledge, this is the first study to investigate 

the association of the healing of apical periodontitis in patients taking statins.  The results 

of this clinical study carried out to support the existence of a relationship between statins 

and healing of periapical lesions.  Statins might shorten the expected healing period 

following treatment.  Perhaps, statins might be used therapeutically in various treatment 

plans of treatment of large periapical lesions.  This would enable the clinician to make a 

faster decision on the need for clinical additional procedures, such as surgery, and 

ultimately lead to improved outcomes of endodontic treatment.  Testing the delivery of 

statins inside the canals or injecting it into the lesion using a small dosage may be 

evaluated for a future study.  
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CONCLUSION  

       The results of this study demonstrate a significant association between long-term 

statin intakes and healing of apical periodontitis following nonsurgical root canal 

treatment.  Using logistic regression, the effect of statins remained significant even after 

accounting for DM, CVD and smoking.  
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