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Abstract 

 

The Relationship Between Diabetic Control and Periapical Lesion Resolution 

Joshua Evan Fein, Master of Science, 2012 

Thesis directed by: Ashraf Fouad, BDS, DDS, MS, Chair and Endodontics Program 

Director, Department of Endodontics, Prosthodontics, and Operative Dentistry 

 

The association between oral and systemic disease continues to be elucidated, expanding 

from periodontal disease and cardiovascular disease risk to include endodontic infection 

and diabetes. The purpose of this study was to determine whether diabetic control, as 

measured by hemoglobin A1c, has a direct relationship with the size of periapical lesions 

as measured through cone beam CT imaging at the time of follow-up examination.  100 

patients who received appropriate root canal treatment (as determined radiographically) 

two to four years prior in the Postgraduate Endodontics Clinic were recruited through 

phone calls and a mailed letter.  All had periapical lesions at the time of initial diagnosis.  

Following informed consent, standard recall examination and periapical radiographs were 

completed.  Then, blood was drawn for hemoglobin A1c (HbA1c) analysis and CBCT 

images were exposed.  Measurement of the largest diameter in any direction of the lesion 

was determined by two experienced endodontists who were masked to the diabetic status 

or HbA1c levels of the patients.  Statistical analysis was completed with Pearson 

correlation, as well as ANOVA and multiple regression analysis.  29 patients consented 

to participate. Two patients were excluded, as the treated teeth had been previously 

extracted.  A significant positive correlation was found between the HbA1c and lesion 



 

  

size (r = 0.375, p = 0.027).  Blood glucose level, as measured by Hemoglobin A1c, 

demonstrated a direct association with periapical lesion size at the time of recall.   
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REVIEW OF THE LITERATURE 

 

Introduction 

The connection between oral health and systemic disease has been examined for a 

number of years, with focus on this field intensifying in the last two decades.  As more 

becomes known about the systemic diseases that affect millions in the United States and 

around the world, oral health researchers have turned their sights towards how these 

ailments might play a role in the mouth, and how oral disease may contribute to systemic 

illness.   

One of the first major relationships to have been clearly established was between 

periodontal disease and cardiovascular disease risk.  Beck et al. hypothesized that 

periodontal diseases, which they defined as chronic Gram-negative infections, could 

become a major risk factor for atherosclerosis and thromboembolic events.  In their 

cohort study of 1,147 men, whose bone loss and pocket depth probing values were 

recorded between 1968 and 1971, they found that a significant number of those with 

periodontal disease developed coronary heart disease or had strokes.  Incidence odds 

ratios adjusted for established cardiovascular risk factors (as well as 95% confidence 

intervals) were 1.5 (1.04, 2.14), 1.9 (1.10, 3.43), and 2.8 (1.45, 5.48) for bone loss and 

total CHD, fatal CHD, and stroke, respectively.  They demonstrated a significant biologic 

gradient between the severity of periodontal disease and the occurrence of cardiovascular 

disease. 1 

Another major field examined in the periodontal community at that time was the 

relationship between diabetes and periodontal disease. In 1993, Loe published a work that 



 

 2 

 

examined the prevalence of periodontal disease within the Pima and Papago Indian tribes.  

2180 subjects were studied between 1983 and 1988.  It was found that patients with type 

II diabetes were three times more likely to have advanced periodontal disease than those 

without diabetes within this population.  In addition, patients with diabetes were fifteen 

times more likely to be completely edentulous. 2 

 In 1998, Grossi and Genco demonstrated that advanced periodontal disease 

increases the severity of diabetes mellitus and complicates metabolic control.   The 

authors concluded that the combination of infection and advanced glycosylated 

endproduct (AGE)-mediated cytokine upregulation may explain the increase in tissue 

destruction seen in diabetic periodontitis.  Conversely, they found that periodontal 

infection may complicate the severity of diabetes and the degree of metabolic control, 

thus describing a two-way relationship between diabetes and periodontal disease. 3 A 

review the following year by the same group indicated that both type 1 and type 2 

diabetes mellitus are associated with an increased periodontal disease risk. 3, 4  

In 2000, researchers examined 10,590 male and female soldiers in the Israeli 

Defense Force.  Their periodontal status was evaluated using the Community Periodontal 

Index of Treatment Needs (CPITN).  Fasting blood glucose levels were also recorded, as 

was the patient’s gender, body mass index (BMI), and smoking history.  They found that 

higher fasting blood glucose levels were significantly associated with increasing severity 

of periodontal disease.  High blood glucose was also more prevalent in men, as well as in 

both men and women with a higher BMI score. 5 

On the other hand, researchers are still examining whether treatment of 

periodontal disease might help improve diabetic status.  One study found that no 
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improvement was seen in fasting glucose level or glycosylated hemoglobin after 

periodontal treatment (p>0.05). 6 A more recent study, however, found improved 

glycemic control, as measured by hemoglobin A1c (HbA1c), after periodontal treatment 

in diabetic patients.  Those patients that received scaling/root planing and a follow-up 

supragingival prophylaxis at 3 months showed significant improvement in their HbA1c 

levels, changing from a mean of 7.29% to 6.87% (p < 0.05). 7 

 

Diabetes 

Although Diabetes Mellitus has been a focus of medical research for many years, 

the focus in dentistry has been far slower to develop.  The current increase in diabetes 

studies in dental journals may be due to the rapid expansion of the disease worldwide.  In 

the United States, estimates of the current prevalence of diabetes are approximately 25.8 

million people, seven million (about 27%) of whom are unaware of their diagnosis.  In 

addition, 79 million more suffer from pre-diabetes (an HbA1c measurement of 5.7-6.4%), 

which places them at high risk for developing type 2 diabetes in the next five to ten years.  

The seventh leading cause of death in the United States, diabetes can affect all body 

systems.  It is the leading cause of kidney failure, non-traumatic lower limb amputations, 

and new cases of blindness among adults in the United States. 8, 9 

People with diabetes are also at significantly higher risk of systemic infection 10, 11 

and hospitalization due to infectious disorders (particularly septicemia and respiratory 

disorders) than are those who do not have diabetes. 12, 13 This increased risk may be due 

to impaired immune function as a result of hyperglycemia. The participation of genetic 

and autoimmune factors has been mainly characterized as T lymphocyte malfunction. 14   
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Diabetes and Infection 

For years, numerous researchers have sought to explain the role diabetes plays in 

infection.  With hyperglycemia, polymorphonuclear leukocyte function is decreased, due 

to problems with chemotaxis, phagocytosis, and leukocyte adherence.  This may lead to 

worsening infection. 15 In addition, T-cell function appears to be depressed, which can 

have numerous systemic effects.  There are numerous infections associated with diabetes 

that have been described, including respiratory tract and urinary tract infections, as well 

as those of the soft tissues, such as necrotizing fasciitis. 13 

One study found that the risk of serious infection was higher in diabetic heart 

transplant recipients in the early postoperative period.  In that examination, within three 

months, the infection rate was 14% for people with diabetes versus 3% for the control 

group.  Further, at four years, the freedom from infection was 71.0% for patients with 

diabetes mellitus and 85.0% for those without (p = 0.02). The authors concluded that 

providers must carefully consider evaluation of candidates for heart transplantation, as an 

increased risk of serious infections was seen in diabetic patients, particularly in the early 

post-operative period.16 

A retrospective study found that patients with uncontrolled diabetes exhibited 

significantly increased odds of surgical and systemic complications, higher mortality 

rates, and an increased length of hospitalization following total joint replacement.  

Diabetic control was determined by a combination of the patient’s self-monitoring of 

blood-glucose levels, HbA1c level, and related comorbidities.  In that study, the 

researchers found that the uncontrolled diabetes patients had a significantly increased 

odds of stroke (p < 0.001), urinary tract infection (p < 0.001), ileus (p < 0.001), 
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postoperative hemorrhage (p < 0.001), transfusion (p < 0.02), wound infection (p < 

0.002), and death (p < 0.001) 17 

In a 2001 study, it was found that diabetic control was a major factor in whether 

postoperative infection occurred following renal transplant.  In this population, 11% of 

the patients that had optimal glycemic control during the four days following surgery had 

graft rejection compared with 58% of patients with poor control.  Further, all of those 

patients who had poor glycemic control developed post-operative infection. 18 This may 

be because the higher doses of steroids used post-operatively can increase blood sugar 

levels, while the immunosuppressants can increase the risk of infection. 

Additionally, diabetes patients have an increased risk of infection-related 

mortality.  For example, in a study using data from the second National Health and 

Nutrition Examination Survey (NHANES), there were 4.7 infection-related deaths per 

1,000 people among those with diabetes versus 1.5 per 1,000 in those without the disease 

(p < 0.001). 19  

 

Diabetes and Endodontic Disease 

While hyperglycemia has been proven to increase chances of infection, the effect 

on periapical disease is far less conclusive.  Since Bender, Seltzer, and Freedland’s 1963 

article, it has been proposed that periapical lesions will not heal, and may actually 

increase in size following endodontic treatment in uncontrolled diabetic patients. 20 This 

article led to decades of works attempting to explain the phenomenon. 
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In a 1989 study, it was demonstrated that Swedish people with long-duration 

insulin-dependent diabetes mellitus (IDDM) (now re-classified as type 1) have an 

increased prevalence of endodontically treated teeth with lesions compared to those with 

short-duration IDDM or those who did not have diabetes. 21  

In another study using a cross-sectional design, radiographs and records of 30 

subjects with diabetes and 23 control patients suffering with endodontic infections at the 

University of Florida post-graduate clinic were reviewed.  Researchers counted the 

number of teeth with root canal treatments with and without radiolucencies, as well as the 

number of teeth without endodontic treatment but with periradicular lesions.  Analysis 

showed significant relationships present between gender and diabetes diagnosis for teeth 

with (F = 4.29, p < 0.05) and without lesions (F = 4.24, p < 0.05).  Specifically, men with 

type 2 diabetes who had endodontic treatments were more likely to have residual lesions 

after treatment than men without diabetes (p < 0.05). 22  

A retrospective cohort study of 70 Spanish patients with full-mouth radiographic 

examination was published two years after the Florida study, evaluating the prevalence of 

apical periodontitis in both diabetic and non-diabetic patients, as measured by the 

periapical index. 23 The researchers found that apical periodontitis was present in at least 

one tooth in 81.3% of diabetic patients and in 58% of non-diabetic patients (p=0.04).  

This corresponded to 7% of teeth in patients with diabetes and 4% of teeth in those 

without (p=0.007). A limitation of this study, however, is that it relied only on 

measurement from a full-mouth series of radiographs, rather than cone beam CT imaging, 

and contained poor documentation of diabetic control. 24 
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 In 2003, Fouad and Burleson performed a longitudinal cohort study using their 

custom-built electronic record system to investigate endodontic diagnostic and treatment 

outcome data in patients with and without diabetes.  This examination of 5,494 total 

cases, including both diabetic and non-diabetic patients, demonstrated that diabetic 

patients with pre-operative periapical lesions were significantly less likely to have 

success with endodontic treatment than those without diabetes at 2 years or longer post-

operatively (p=0.007).  This finding remained significant after controlling for age, sex, 

tooth type, presence of a preoperative lesion, type of procedure (primary vs. retreatment), 

status of provider (pre-doctoral vs. post-doctoral), presence of restoration at follow-up, 

and the length of the postoperative period. There were no differences in the outcomes of 

treatment when all patients were considered, including the larger number that had a vital 

pulp pre-operatively.  

Interestingly, there were no differences in outcome among diabetic and non-

diabetic patients who had a vital pulp pre-operatively. However, important limitations of 

this study were that the follow-up rate was quite low (only approximately 10% of treated 

patients were examined 2 years or longer post-operatively) and glycemic control of 

diabetic patients and their smoking practices were not recorded. 25 While smoking has not 

been definitively linked to decreased endodontic prognosis, it has been demonstrated that 

a likely negative influence does exist from smoking on both non-surgical and surgical 

outcomes. 26  

 In a subsequently published critique of Fouad and Burleson’s study, Caplan noted 

that while this was an important and well-performed study, the analysis was conducted at 

the “tooth level”, as patients could contribute multiple teeth to the analysis.  This would 
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not allow for accurate estimates of variance.  Thus, future studies should only allow for a 

random selection of one tooth per patient, to reduce any effects on analysis, or use 

software that accounts for correlated observations. 27 

One of the variables that was not analyzed in Fouad and Burleson’s work was 

whether the diabetic patients had more advanced endodontic disease preoperatively, such 

as necrotic pulp with lesions compared to vital pulp, or persistent endodontic disease 

compared with primary disease.  In that study, as well as in numerous others, the 

presence of preoperative periapical lesions was a significant factor in determining 

outcomes of endodontic treatment. 28 If diabetic patients seeking endodontic treatment 

have more advanced or persistent forms of endodontic disease, then this factor is likely to 

reduce the success of their treatment, and increase the public health impact of endodontic 

disease in the diabetic patient population. Moreover, there will be a need to be more 

vigilant in setting up follow-up schedules for diabetic patients.   

 

Diabetic Control 

 One of the major limitations of many of the previous diabetic studies appears to 

be the lack of examination specifically of the role of diabetic control.  Grouping patients 

simply by designation of their presence or absence of diabetes relied on their self-

reporting, as well as their knowledge of their diabetic status.  In addition, the studies 

could not control for how well controlled each patient’s diabetes was at the time of 

examination.   

 Historically, diabetic control has been measured by fasting blood glucose level.  

When this method is used, however, this requires the patient to have fasted for several 
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hours.  Home glucose monitoring through the finger stick method is another valid 

measurement technique, but is not as accurate as a laboratory test.  In addition, the results 

of both of these tests only measure a snapshot in time and not control over any long-term 

period.  Currently, measurement of hemoglobin A1c (HbA1c) is the best test to assess 

long-term glucose control. 29 

 

HbA1c 

The HbA1c test is an integrated index of serum glucose for the 90 days preceding 

the measurement, and results from irreversible glycosylation of the hemoglobin molecule. 

Red cells generally survive approximately ninety days, thus the HbA1c measures the 

mean serum glucose over this period.  The degree of glycosylation correlates with the 

ambient glucose level over the life span of the red blood cell. 

Since publication of the Diabetes Control and Complications Trial in 1993, which 

demonstrated a correlation between HbA1c and complication rate, measurement of 

Hemoglobin A1C has been generally recognized as an index of risk of complications 

from diabetes mellitus. 30 

A recent expert review confirmed that Hemoglobin A1C is an accurate measure of 

blood sugar, and can be used for screening and diagnosis of diabetes. 31 Furthermore, a 

multi-center international study of over 500 patients with either Type 1 or Type 2 

diabetes mellitus compared continuous serum glucose monitoring, 7-times daily finger 

stick glucose testing, and hemoglobin A1C levels.  The latter was a highly accurate 

reflection of the other means of measurement, and linear regression comparisons of the 

various testing methods found no significant difference based on age, diabetes type, 
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ethnicity or smoking. 29 Thus, a single Hemoglobin A1C test is indeed an accurate 

reflection of blood sugar levels for the last 90 days. 

New 2010 guidelines, by the American Diabetes Association, for the first time 

allowed Hemoglobin A1c to be used to diagnose diabetes.  An HbA1c level over 6.5% 

can be used to diagnose diabetes without requirements for further testing.  Pre-diabetes 

can be diagnosed based on an HbA1c level of 5.7-6.4%. 9 

 The same year, the New England Journal of Medicine published a work by Selvin 

et al., which evaluated the predictive value of glycated hemoglobin and fasting glucose 

for identifying those at risk for diabetes and cardiovascular disease.  Blood samples were 

examined from over 11,000 adults who did not have a pre-existing diagnosis of either 

disease.  The study found that increased glycated hemoglobin was strongly associated 

with a risk of diabetes and was also more strongly associated with risks of cardiovascular 

disease and death from any cause than fasting glucose (p < 0.001). 32 This strongly 

supported the use of HbA1c measurement for diagnosis of diabetes. 

 

Cone beam computed tomography 

 Since its introduction in 2001, cone beam computed tomography (CBCT) has 

become an increasingly important tool in oral health diagnosis.  It allows for better 

visualization of the oral cavity than traditional 2D imaging, revealing numerous 

previously missed pathologic findings. 33 CBCT is not without its limitations, particularly 

the greatly increased radiation dosage (0.314 mSv vs. 0.002 for a periapical radiograph in 

an early study); 34 however, the available machines have greatly improved over the last 
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decade, now with far lower radiation exposures.  In fact, new machines claim to be lower 

than 0.010 mSv, or as low as the equivalent of two periapical radiographs. 35    

 In endodontics, the CBCT has become an essential part of clinical practice. One 

critical article examined the accuracy of periapical radiographs and cone beam CT, and 

compared them both to a histologic gold standard.  The examination of 83 dogs’ teeth 

showed that periapical radiographs found apical periodontitis in 71% of roots, while 

CBCT detected lesions in 84%.  The histology gold standard was 93% (p=0.001).  

Further, the sensitivity of periapical radiographs was 0.77, while it was 0.91 for CBCT.  

The specificity was 1 for both methods, but the negative predictive value was 

significantly higher for CBCT (0.46 vs. 0.25).  Finally, CBCT was significantly higher 

than periapical radiographs for accuracy as well (0.92 vs. 0.78) (p=0.03).  36 

 With this advanced technology, it is both easier to detect periapical disease and to 

discover the true size and position of lesions.  In addition, it was previously difficult to 

detect root fractures and describe the complete root canal anatomy with traditional 

radiography.  These are now far easier to do with cone beam computed tomography. 37, 38   

 The benefits of CBCT can be further increased by using Anatomage (San Jose, 

CA), a viewing software program.  In a study by Kim et al., distances from the apices of 

posterior teeth to the mandibular canal were measured using the Anatomage visualization 

program.  Afterward, the specimens were dissected and that distance was measured 

directly.  The researchers found that the CBCT, viewed through Anatomage, was very 

accurate in finding true distances (no significant difference between Anatomage and the 

direct measurement). 39  
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PURPOSE 

The purpose of this study was to determine whether diabetic control, as measured 

by hemoglobin A1c, has a direct relationship with the size of periapical lesions, as 

measured through cone beam CT imaging, at the time of follow-up examination.  To 

avoid the limitations of previous studies, this study includes documentation of both 

glucose control through measurement of Hemoglobin A1C, lesion size through cone 

beam CT measurement, and limits the study to one tooth per patient.  Having this data 

will allow the practitioner to better understand whether diabetic patients with pre-existing 

periapical lesions have a higher risk for impaired healing, and thus be particularly 

cognizant of ensuring the best possible practices for these patients. 
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HYPOTHESES 

It was hypothesized that patients with poor glycemic control would display 

significantly poorer resolution of endodontic periapical lesions than those with good 

glycemic control.  Thus, the primary hypothesis and null hypothesis are as follows: 

H1: There is a direct relationship between diabetic control, as measured by 

HbA1c, and improved reduction of endodontic lesion size, as measured by CBCT.  

Ho: There is no relationship between diabetic control and reduction of endodontic 

lesion size.  
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MATERIALS AND METHODS 

 

Research Design 

The study was conducted in the postgraduate endodontics clinic at the School of 

Dentistry, University of Maryland.  Initially, the planned study was a matched 

retrospective cohort examination of poorly controlled diabetic patients (HbA1c ≥ 8%), 

better-controlled diabetic patients (5.8% < HbA1c < 8%), and non-diabetic control 

patients (HbA1c ≤ 5.7%).  However, due to difficulties in patient recruitment, the 

analysis was changed to an examination of correlation of lesion size and HbA1c level. 

 The protocol was approved by the Institutional Review Board of the University of 

Maryland.  Patient recruitment began in February, 2011. 

 

Sample Size Determination 

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

the study.  Based on previous works mentioned above, diabetes is known to have a large 

effect on endodontic healing.  Therefore, a population correlation of 0.50 was selected, as 

is appropriate for that predicted relationship.  Using Power and PrecisionTM, the power 

computation (Fisher Z approximation) was performed and results are shown below in 

table 1. 40 
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Table 1: Power Analysis 

Population 

Correlation 

N of Cases Standard Error 95% Lower 95% Upper 

0.50 26 0.21 0.14 0.74 

Alpha = 0.05, Tails = 1, Power = 0.80 
Power Computation: Fisher Z approximation 
 

Therefore, based on Pearson’s r to achieve a large effect size (population 

correlation = 0.50), a sample of 26 patients is needed to achieve a power of 0.80. 

It was estimated, however, that this would likely not be a sufficient number of 

subjects to satisfy logistical multiple regression analyses.  A post-hoc power analysis 

would be performed to examine how many subjects were required for this anaylsis. 

 

Inclusion Criteria 

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

inclusion criteria: 

- Patients who were treated by post-graduate students at the University of Maryland 

School of Dentistry between the years 2007-2009 (two to four years earlier) 

- Patients had a recorded diabetic status within the record system (either diabetic or 

non-diabetic) 

- Patients must have had well-performed root canal treatment as determined 

radiographically, using the following criteria: 

o Fill 0-2 mm from apex on all canals 

o No significant voids in the root canal filling 

o No missed canals  
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Exclusion Criteria 

- Patients younger than age 18 

- Patients who reported that they were pregnant, or were positive on pregnancy test 

done for women of childbearing age. 

- Patients with poorly performed root canal treatment.  This was defined as: 

o Fill that is greater than 2 mm from apex or beyond apex on any root 

o Presence of significant voids in the root canal filling 

o Presence of missed canals 

 

Patient Selection and Recruitment 

A search was performed in the Maryland Endodontic Record, a custom electronic 

record-keeping system employed in the Postgraduate Clinic, for patients who might 

qualify based on the inclusion criteria.  Formulated through the FileMaker program, 41 the 

system allows postgraduate residents to record critical diagnostic and treatment data, 

which can then be searched for research purposes. 

Searches were conducted based on the inclusion criteria for patients who had 

received well-performed root canal treatment in the postgraduate clinic two to four years 

prior to follow up examination.  Initially, the selections were made based on matching 

between the diabetic and non-diabetic patients on gender and age (+/- 5 years). However, 

due to problems with recruitment, there were few patients that could be reached and 

consented to participate, who were in the original matched groups. Overall, 100 patients 

were selected and recruited, through both a phone call (and follow-up calls as needed) 
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and a letter sent to their address on file.  Each patient was randomly assigned an index 

number. 

Letters and phone messages (if the patient could not be reached immediately) 

broadly explained the purpose and procedures required for the study, and asked the 

patient to contact Dr. Fein directly for more information.  Once the patients were reached 

directly via phone, the procedures for the research examination were explained and the 

patient was scheduled if they elected to participate.  At the time of their appointment, the 

procedures were once again explained. 

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

addition, a $100 check to cover parking and their time was sent to their home within 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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PROCEDURES 

Patients enrolled in the study were scheduled at the University of Maryland, 

Baltimore Postgraduate Endodontics Clinic for a follow up examination of the tooth that 

was previously endodontically treated.  Upon arrival, the investigator reviewed the IRB 

approved form with the study patients, including discussion of what would be done, 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.  All questions 

were answered for the patients. 

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

as percussion, palpation, and periodontal probing was completed.  To establish 

periodontal classification, a periodontal examination was performed.  The system used 

was introduced by Ramfjord in 1959 and described a method in which only six teeth are 

examined (one in each of six defined sextants in the mouth). 42 By using only six teeth for 

analysis, a dental provider is able to get an accurate measurement of gingival health 

quickly. The author described an index in which periodontal disease is scored from 0 -3 

based on the levels of inflammation, plaque, and calculus. 43 Each was scored based on 

the author’s criteria and the mean value recorded. 

The patients were also asked if they smoked currently or ever smoked during their 

lives.  If the patient had smoked in the past, they were asked when they quit.  All patients 

were classified as less than four years, four to nine years, more than nine years, or never 

smoked.  Also recorded were the patient’s age, gender, number of months since 

completion of endodontic treatment, type of treatment (whether primary or re-treatment), 

and which type of tooth was treated (anterior, premolar, or molar). 
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Following the recall examination, a blood sample was drawn for measurement of 

HbA1c by one of the three registered nurses in the dental school, and was submitted to 

the Outreach Pathology Laboratory in the University of Maryland Medical Center.  This 

was done regardless of the reported diabetic status of the patient. Only hemoglobin A1c 

level was requested.  No identifying information was provided other than the study coded 

name, date of birth, and gender (as required by the hospital).   

Finally, a cone beam CT was performed on each patient.  All CBCT imaging was 

performed using the Planmeca ProMax 3D (Planmeca Oy, Helsinki Finland) operated by 

the staff of the Radiology Department of the University of Maryland Dental School.  

Each patient was imaged in a standard position and the “As Low as Reasonably 

Achievable” (ALARA) principle was employed.  This was satisfied because the scanned 

volume was limited to one tooth and the associated periapical region. 

 

Data Collection 

  Once patient screening was completed and the laboratory results were sent back 

(via campus mail), each study participant was then assigned a random number using a 

statistical random number generator (http://www.stattrek.com/Tables/Random.aspx).  

This number was used for all further data collection and analysis. 

 The cone beam CT images were exported out of Romexis (Helsinki, Finland) 

anonymously.  Each scan was put into a separate folder of images and was only identified 

by the random number it was assigned by the random number generator.  This image was 

then transferred to an external hard-drive.   
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 The images were scored by two endodontists (LH and MT), both with over 20 

years of experience.  Each volume was opened using Anatomage (San Jose, CA), an 

anatomy imaging program that allows for superior visibility than Romexis itself.  The 

two endodontists (who were blinded as to the self-reported diabetes status and HbA1c 

levels) used the program’s built-in features.  If a periapical lesion was found, the largest 

diameter of the lesion in any direction was measured.  The endodontists were unaware of 

any identifying information about the subjects. 

 Once the measurements were collected, the mean of the measurements of the two 

evaluators was calculated, which was used for all further analysis.  The HbA1c 

measurement was transferred from the lab results forms to a fabricated Microsoft Excel 

spreadsheet, which was password protected (as was the laptop itself).  Also recorded in 

the spreadsheet were all potential confounding variables to be examined. 

 

Confounding Variables 

 In order to provide for the most complete regression analysis, the following 

potential confounding variables were collected and used for further examination: 

- Age 

- Gender 

- Tooth type 

o Anterior teeth, including incisors and canines 

o Premolars 

o Molars 

- Type of treatment (primary or re-treatment) 
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- Post operative period in months 

- Periodontal Status (0-3) at time of follow-up examination 

- Smoking status (Current Smoker, Quit < 4 years ago, Quit 4-9 years ago, Quit 

over 9 years ago, or Never a smoker) 
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STATISTICAL ANALYSIS 

 Statistical analysis was completed using IBM SPSS Statistics software version 20. 

44 As a positive correlation was anticipated, a one-tailed Pearson correlation was 

performed to examine the relationship between lesion size and hemoglobin A1c score.  χ2 

with Yates correction was used to examine gender differences by diabetic status.  For all 

possible confounding variables, a multiple regression analysis was performed. 
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RESULTS 

 

Sample Size 

Of the 100 patients contacted, 33 showed interest in participating.  29 of these 

patients presented for research visits.  Of the four patients that did not participate, two 

decided that they did not want to participate after thinking about it, while the other two 

failed to show up for their appointments, and elected not to reschedule.   

All patients who presented for their appointments elected to participate and signed 

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

examination, as the tooth had been extracted since the completion of the treatment.  They 

were still paid for their time.  Figure 1 shows the flowchart for patient recruitment and 

treatment. 
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Figure 1: Flowchart for Patient Recruitment and Treatment 

 

 

  

 
100 patients selected from  

Maryland Endodontic Record System 

29 patients elected 
to participate 

All patients 
contacted via 

phone and letter 

4 patients reached 
but not interested 

67 patients did not 
respond 

27 patients participated 2 patients excluded, as 
teeth broke and were 

extracted 

26 patients had 
no further 
treatment 

1 patient had an 
apicoectomy 
immediately 

following re-txt 
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Table 2 below shows all of the raw data for each patient.  

 

Table 2: Raw Data including CBCT scores, HbA1c results, and confounding 

variables 

Code Reviewer

1 

Reviewer 

2 

Average HbA1c Age Gender Tooth 

Type 

Type of 

Treatment 

Post-op 

period 

Perio 

Status 

Smoking Reported 

Diabetic 

Status 

      1=F, 

2=M 

1=Ant, 

2=PM, 

3=Molar 

1=Primary, 

2=Re-txt 

# of 

months 

0 to 3 1=Current, 

2=0-4, 3=4-

9, 4=9+, 

5=Never 

1=Diabetic,  

2=Non-

Diabetic 

84 3.09 7.64 5.365 6.2 53 1 3 1 44 0 5 1 

65 5.2 5.45 5.325 6.8 40 2 2 1 41 0 5 1 

54 5.59 5.27 5.43 6.3 51 2 1 2 41 1 5 1 

2 5.99 6.07 6.03 6.7 51 2 1 2 39 1 3 1 

58 5.45 6.19 5.82 6.4 75 2 3 1 26 2 5 1 

17 4.93 7.97 6.45 8.4 55 2 1 1 34 1 5 1 

13 5.3 6.09 5.695 6.6 83 2 2 1 31 1 4 1 

78 1.06 5.72 3.39 8.1 55 1 2 1 34 2 5 1 

56 3.3 4.09 3.695 6.3 61 2 2 2 45 1 4 1 

96 0 1.94 0.97 6.1 69 2 3 1 41 1 5 1 

77 4.62 5.3 4.96 7 69 1 3 1 40 0 5 1 

59 4.31 3.76 4.035 6.5 63 1 2 2 28 2 5 1 

86 3.27 6.09 4.68 7.2 64 1 1 1 41 0 5 1 

6 14.03 8.97 11.5 8.1 66 1 1 2 33 1 5 1 

73 4.21 6.71 5.46 6.7 73 2 2 2 34 1 5 2 

72 5.16 6.58 5.87 6.9 72 2 3 1 37 1 5 2 

48 0 2.01 1.005 6.1 71 2 1 1 42 1 1 2 

100 4.14 5.38 4.76 7.1 47 1 2 1 41 0 1 2 

41 3.66 2.82 3.24 5.8 77 2 2 1 34 1 4 2 

95 0 3.81 1.905 7.5 60 2 2 1 41 0 3 2 

33 7.59 3.46 5.525 6.3 66 1 2 2 26 1 5 2 

1 4.61 5.25 4.93 5.4 58 1 3 1 47 2 5 2 

99 0 2.42 1.21 5.3 70 2 3 1 44 1 1 2 

21 2.5 6.81 4.655 6.8 39 1 3 2 31 0 5 1 

39 3.79 3.85 3.82 6.1 62 1 2 1 25 2 5 1 

61 0 0 0 7.1 53 2 1 2 33 0 5 1 

87 5.53 3.92 4.725 6 70 1 3 1 28 1 5 1 
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Mean Lesion Sizes and HbA1c Levels by Group 

 The mean and standard deviation for each of the primary variables are shown in 

Table 3.  In only one patient did both CBCT reviewers agree that no lesion remained (this 

was a patient with self-reported diabetes).  The average hemoglobin A1c score was 

6.82% for the self-reported diabetic group, while it was lower in the non-diabetic group 

(6.34%) (p=0.13).  The lesion sizes were also different, as the mean lesion size was over 

1 mm larger in the diabetic group.  This difference was not significant, however (p=0.27).   

 

Table 3: Descriptive Statistics with ANOVA 

 Diabetic 

Patients 

Non-diabetic 

Patients 

F p Value 

Number of Patients 18 9   

Mean Lesion Size +/- SD 4.81 +/- 2.36 3.77 +/- 1.96 1.30 0.27 

Mean HbA1c +/- SD 6.82 +/- 0.73 6.34 +/- 0.77 2.44 0.13 

 

Correlation Between Examiners 

 In order to examine how the two radiograph examiners’ findings were related, a 

Pearson’s Correlation was performed.  Analysis found a value of r = 0.62, indicating a 

moderately high correlation between the two examiners.  Further, a kappa analysis was 

completed to determine agreement.  Measurements of lesion size were categorized into 0 

– 2.49 mm, 2.50 – 4.99 mm, 5.00 mm – 7.49 mm, and 7.50 + mm.  The resultant analysis 

found a kappa value = 0.41, indicating a moderate level of agreement. 45 
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Correlation 

A Pearson correlation was performed to examine the relationship between 

Hemoglobin A1c measurement and lesion size at the time of the research visit.  The 

correlation, defined below in Figure 2, measures the covariance of the two variables 

divided by the product of their standard deviations.   

 

Figure 2: Pearson Correlation Formula 

 

 

Analysis demonstrated a Pearson correlation of 0.375 with a significance of p = 

0.027.  Table 4 shows the correlation findings.  This result indicates a significant positive 

relationship between increased lesion size and higher HbA1c reading.  The r2 value = 

0.14, indicating that 14% of the effect on lesion size is from the HbA1c reading. 

 

Table 4: Pearson Correlation 

Number of Subjects n = 27 

Pearson Correlation r = 0.375 

 r2 = 0.14 

Significance (1-tailed) p = 0.027 

 

Figure 3 below shows a scatter plot of the average of the two CBCT evaluators’ 

findings and the hemoglobin A1c readings for each patient.  A linear regression (line of 

best fit) shows a positive relationship.   
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Figure 3: Plot of Lesion Size and HbA1c Reading 

 

 

 The descriptive statistics for gender and HbA1c are shown in Table 5.  Table 6 

shows the ANOVA results for the differences in HbA1c scores by gender.  While the 

females had a slightly larger average HbA1c level (6.73 vs. 6.60 in males), analysis 

showed no significant difference between the genders (p=0.66). 

 

Table 5: Descriptive Statistics by Gender for HBA1c 

 n Mean 

HbA1c 

Standard 

Deviation 

Standard 

Error 

95% CI 

(Lower) 

95% CI 

(Upper) 

Female 12 6.73 0.82 0.24 6.21 7.26 

Male 15 6.60 0.73 0.19 6.19 7.00 

Total 27 6.66 0.76 0.15 6.36 6.96 
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Table 6: ANOVA by Gender for HbA1c 

 Sum of Squares df Mean Square F Sig 

Between Groups 0.12 1 0.12 0.20 0.66 

Within Groups 14.91 25 0.596   

Total 15.03 26    

 

Similarly, descriptive analysis and ANOVA scoring by gender was completed to 

examine the differences in lesion sizes between the sexes.  These are shown in Tables 7 

and 8.  The mean values listed were the averages of all of the lesion size measurements, 

using the average of the two evaluators’ findings.  Females had larger average lesions 

than males (5.19 vs. 3.87 mm); however, while analysis showed a trend towards 

significance, no significant difference was noted between the groups (p=0.13). 

 

Table 7: Descriptive Statistics by Gender for Lesion Size 

 n Mean 

Size 

Standard 

Deviation 

Standard 

Error 

95% CI 

(Lower) 

95% CI 

(Upper) 

Female 12 5.19 2.08 0.60 3.88 6.52 

Male 15 3.87 2.28 0.59 2.61 5.13 

Total 27 4.46 2.25 0.43 3.57 5.35 

 

Table 8: ANOVA by Gender for Lesion Size 

 Sum of Squares df Mean Square F Sig 

Between Groups 11.65 1 11.65 2.42 0.13 

Within Groups 119.97 25 4.80   

Total 131.62 26    
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 To examine the differences between the diabetic and non-diabetic groups, a Chi-

square test was run for gender (table 9) and a t-test for age (table 10) between those in the 

diabetic and non-diabetic groups.  While the non-diabetic group did have six females and 

three males, the diabetic group was an equal distribution (nine of each).  This difference 

was not stastically significant (p = 0.68) in the Fisher’s Exact test.   

 Similarly, when a t-test was performed to examine the differences between the 

groups by age, no significant difference was found (p = 0.18).  As the results for both 

gender and age show, the diabetic and non-diabetic group were not significantly different 

for either description. 

 

Table 9: Gender Differences between Diabetic and Non-diabetic Groups (χ2) 

 Diabetic Non-Diabetic 

Male 9 (50%) 3 (33%) 

Female 9 (50%) 6 (67%) 

χ2 = 0.169, p = 0.68 

 

Table 10: Age Differences between Diabetic and Non-diabetic Groups (t-test) 

 Diabetic Non-Diabetic t Sig 

Mean Age 59.94 66.00 1.37 0.18 

Standard 

Deviation 

11.46 9.41   

n 18 9   
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Logistic Regression Analysis 

A logistic regression analysis was performed to see which of the aforementioned 

potential confounding variables might also effect lesion size, and to what extent.  This 

statistical test was selected, as it allows for simultaneous testing and modeling of multiple 

independent variables.  Up to n – 2 confounding variables can be studied, which would 

allow up to 25 in this analysis. 

 Table 11 shows the full multivariate regression analysis with all variables 

included.  Each is compared to the dependent variable, which was the average of the two 

evaluators’ lesion sizes.  The resulting Model Summary contains the R2 value.  This value 

identifies which portion of the variance is explained by the independent variables.  In this 

case, 29% of the variance in the size of lesions detected by cone beam computed 

tomography is accounted for by age, gender, tooth type, type of treatment, post-operative 

time, periodontal status, smoking status, declared diabetic status, and HbA1c 

measurement. 

 

Table 11: Full Logistic Regression Analysis 

Multiple R R2 Adjusted R2 Apparent Prediction Error 

0.54 0.29 -0.23 0.71 

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Age, Tooth Type, Type of Treatment, Post-Op Time, Diabetic Status, 

Gender, Periodontal Status, and Smoking History 

 

 In addition, an analysis of variance (ANOVA) was performed within the logistic 

regression analysis, to examine which of the variables most significantly explained lesion 



 

 32 

 

size.  As shown in Table 12, the significance when all of the predictors were included 

was far from the p < 0.05 significance level, indicating that all variables did not play a 

significant role. 

 

Table 12: ANOVA Of All Variables 

 Sum of Squares df Mean Square F Sig 

Regression 7.82 11 0.71 0.56 0.64 

Residual 19.18 15 1.28   

Total 27.00 26    

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Age, Tooth Type, Type of Treatment, Post-Op Time, Diabetic Status, 

Gender, Periodontal Status, and Smoking History 

 

However, when the correlations of each variable were examined in relation to the 

lesion size (Table 13), it was evident that a few were specifically important in their effect.  

Of particular interest were the smoking history, periodontal status, and diabetic control 

(HbA1c).  These variables had large partial correlation scores, indicating that when all 

other variables were removed, these had the most significant relationship with lesion size.   

A second logistic regression analysis was then completed, using only smoking, 

HbA1c level, periodontal classification, and declared diabetic status. By including these 

specific variables, the R2 value decreased to 0.238 (Table 14).   Similarly, the ANOVA 

findings and the coefficients and correlations all were less significant (p = 0.43) (Tables 

15 and 16). 
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Table 13: Coefficients and Correlations of All Variables 

 Beta 

Coefficient 

Bootstrap 

Estimate of 

Error 

df F Significance 

HbA1c 0.30 0.39 1 0.63 0.44 

Age -0.14 0.47 1 0.09 0.77 

Tooth Type 0.16 0.31 2 0.29 0.76 

Primary vs. Re-txt 0.05 0.25 1 0.04 0.84 

Post-Op Time -0.02 0.46 1 0.01 0.97 

Diabetic Status 0.11 0.31 1 0.13 0.73 

Gender 0.17 0.29 1 0.33 0.58 

Perio Status 0.32 0.64 1 0.25 0.63 

Smoking History 0.32 0.48 2 0.44 0.65 

 

 Zero-Order 

Correlation 

Partial 

Correlation 

Part 

Correlation 

Importance 

HbA1c 0.27 0.31 0.28 0.28 

Age -0.50 0.12 -0.10 0.02 

Tooth Type 0.09 0.18 0.15 0.05 

Primary vs. Re-txt 0.19 0.06 0.05 0.03 

Post-Op Time -0.22 -0.01 -0.01 0.01 

Diabetic Status -0.21 0.10 0.08 -0.08 

Gender 0.19 0.18 0.15 0.11 

Perio Status 0.16 0.28 0.24 0.17 

Smoking History 0.36 0.29 0.25 0.40 
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Table 14: Adjusted Logistic Regression Analysis with Diabetic Status 

Multiple R R2 Adjusted R2 Apparent Prediction Error 

0.49 0.24 0.01 0.76 

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Diabetic Status, Periodontal Status, Smoking History 

 

Table 15: Coefficients and Correlations of Adjusted Variables 

 Beta Coefficient Bootstrap 

Estimate of 

Error 

df F Significance 

HbA1c 0.28 0.24 1 1.38 0.25 

Diabetic Status .01 0.15 1 0.01 0.98 

Periodontal 

Status 

0.24 0.33 1 0.51 0.48 

Smoking History 0.33 0.25 3 1.86 0.17 

 

 Zero-Order 

Correlation 

Partial 

Correlation 

Part Correlation Importance 

HbA1c 0.27 0.28 0.26 0.31 

Diabetic -0.21 .01 .01 -0.01 

Perio 0.16 0.25 0.23 0.16 

Smoking 0.38 0.31 0.29 0.53 
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Table 16: Adjusted ANOVA with Diabetic Status 

 Sum of Squares df Mean Square F Sig 

Regression 6.42 6 1.07 1.04 0.43 

Residual 20.58 20 1.03   

Total 27.00 26    

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Diabetic Status, Periodontal Status, Smoking History 

 

A third regression analysis, after removing declared diabetic status, was 

performed.  By removing those variables that seemed to have smaller partial correlation 

values, large changes were seen in the logistic regression analysis (Table 17).  The R2 

value increased to 0.42, indicating 42% of the variance in the size of lesions detected by 

cone beam computed tomography was accounted for by smoking, HbA1c level, and 

periodontal classification.  

 

Table 17: Adjusted Logistic Regression Analysis without Diabetic Status 

Multiple R R2 Adjusted R2 Apparent Prediction Error 

0.65 0.42 0.25 0.58 

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Periodontal Status, Smoking History 

 

Of particular interest was the ANOVA, which demonstrated a far higher level of 

significance than was seen with the full regression, when the least important variables 

were removed.  As Table 18 demonstrates, the value of p = 0.062, approaches 

significance.   
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Table 18: Adjusted ANOVA without Diabetic Status 

 Sum of Squares df Mean Square F Sig 

Regression 11.40 6 1.90 2.44 0.062 

Residual 15.60 20 0.78   

Total 27.00 26    

Dependent Variable: Average Lesion Size 

Predictors: HbA1c, Periodontal Status, Smoking History 

 

Further, the adjusted beta coefficients and partial correlations indicate an even 

greater importance of these variables to HbA1c level (Table 19).  Looking at the beta 

coefficients, it can be seen that HbA1c contributes far more to the rate of change of the 

lesion size than periodontal disease or smoking, which are fairly similar. 

 

Table 19: Adjusted Coefficients and Correlations without Diabetic Status 

 Beta 

Coefficient 

Bootstrap 

Estimate of 

Error 

df F Significance 

Smoking History 0.08 0.28 2 0.09 0.92 

Perio Status 0.10 0.30 1 0.11 0.75 

HbA1c 0.61 0.43 3 2.03 0.14 

 

 Zero-Order 

Correlation 

Partial 

Correlation 

Part Correlation Importance 

Smoking History 0.20 0.11 0.08 0.04 

Perio Status 0.18 0.13 0.10 0.04 

HbA1c 0.64 0.61 0.59 0.92 
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 In order to examine the accuracy of the declared diabetic status, a Pearson 

correlation examined the relationship between the patient’s reported diabetic or non-

diabetic status at the time of treatment and their HbA1c measurement at follow-up (Table 

20).  While not significant, the correlation between diabetic status and HbA1c level 

approached significance at p = 0.07. 

 

Table 19: Correlation between Declared Diabetic Status and HbA1c Level 

Pearson Correlation r = 0.30 

 r2 = 0.09 

Significance (1-tailed) p = 0.07 

 

Finally, a Pearson correlation was performed to see if declared diabetic status was 

associated with lesion size.  This is expressed in Table 21, indicating that there was no 

significant correlation present between diabetic status and the size of the lesion at the 

time of the follow-up examination (p = 0.13). 

 

Table 20: Correlation between Declared Diabetic Status and Lesion Size 

Pearson Correlation r = 0.22 

 r2 = 0.048 

Significance (1-tailed) p = 0.13 
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DISCUSSION 

 This study supports previous works establishing that elevated blood sugars have a 

negative influence on endodontic lesion resolution.  In this study, the relationship 

between HbA1c level and lesion size is supported by the Pearson correlation (r=0.375), 

indicating a positive relationship between the two measurements.  While a correlation 

exists between HbA1c level and lesion size, it is worth noting that when the correlation 

between the patient’s stated diabetic status and the lesion size were examined, the result 

was not significant (p=0.13). This was likely due to the small sample size studied here, as 

well as the high HbA1c measurements among patients who did not report a history of 

diabetes.  This result emphasizes the importance of using HbA1c for analysis. 

 This finding supported previous work, particularly that by Cheraskin and 

Ringsdorf, who found that in patients with a high blood glucose level, radiographic 

healing of periapical lesions was significantly worse than those with low blood glucose.  

A reduction in lesion size of 74% was noted in the low blood glucose group, while only 

48% in the high blood glucose group.   While that study did not have the benefit of using 

HbA1c measurement, the findings were quite important for that time period. 46 

 It should be noted that considering the very difficult task of measuring lesion size, 

the kappa value of 0.41 was actually quite good.  While the two evaluators did use the 

viewing program’s built-in measuring tools, they still had to determine which dimension 

and CBCT slice had the largest measurement.  This presented great room for human 

error.  Nonetheless, the moderate level of agreement allowed for further analysis. 
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Using the three best predictors (HbA1c, periodontal disease status, and smoking 

history), the logistic regression produced an F = 2.435 (p=0.062).  Clearly, this closely 

approached significance.  Therefore, no post-hoc power analysis was required.  As the 

results of the logistic regression using only the three most significant variables (based on 

partial correlations) were approached significance, this pilot study could likely be 

strengthened by an increased sample size.   

Considering the results, however, it is valuable to consider why those with a 

higher HbA1c measurement did not heal as well as the well-controlled individuals.  First, 

it may be that those with a well-controlled HbA1c may also take greater care of the rest 

of their health.  This could include more regular visits to the dentist (leading to improved 

periodontal condition), as well as better diet and exercise, which would result in a lower 

body mass index.  Improved overall physical fitness would likely assist in healing.   

In fact, a 2005 study in the Journal of the Periodontology found that those who 

exercised, ate healthily, and maintained a normal weight (body mass index 18.5-24.9) 

were 40% less likely to have periodontitis.  This study of over 12,000 people who filled 

out the National Health and Nutrition Examination Survey found that healthy behavior, 

including physical exercise and managed diet, lowers the risk for diabetes, as well as the 

production of biofilms. 47 While obesity and periodontitis have been definitively linked, 

48 a relationship to endodontic disease has yet to be demonstrated.   

Further, there was little difference between those who previously reported having 

diabetes and those who did not in terms of their HbA1c reading at the time of follow-up.  

This lack of difference may be due to good control of those who know they have the 

disease, as well as some untreated diabetes in the non-diabetic cohort.  This emphasizes 
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the importance of recording HbA1c level instead of relying only on the patients’ self-

reporting of their diabetic status. 

There may be a large number of untreated diabetics in the area from which the 

study population was collected.  It is estimated by the Centers for Disease Control that 

approximately 18.7% of African Americans in the United States has diabetes, far higher 

than other widely represented ethnic groups. 49 As the city of Baltimore, Maryland is 

63.7% African American, 50 it would be fair to assume that the city has a large 

undiagnosed diabetic population.  

In this study, other than hemoglobin A1c, the most important predictors of larger 

lesion size were smoking, periodontal classification, and gender.  A number of studies 

have examined the role smoking might play in endodontic disease.  In 2008, Segura-Egea 

et al. found that smoking was significantly associated with a greater frequency of root 

canal treatment, as well as with an increased prevalence of apical periodontitis. 51 In that 

work, 74% of smokers had apical periodontitis present in at least one tooth, while only 

41% of non-smokers had it. (P < 0.01) 

A 2011 study by the same group found that amongst hypertensive patients, 

smoking was associated with the prevalence of apical periodontitis.  In that work 6% of 

the teeth had apical periodontitis amongst smokers, while only 2% were affected in non-

smokers (p < 0.01).  Similarly, smokers were more likely to have root-filled teeth than 

non-smokers (p < 0.01). 52    

Another study found that current cigarette smokers were 1.7 times as likely to 

have root canal treatment (p < 0.001) than non-smokers.  In addition, the risk of needing 



 

 41 

 

root canal treatment by smokers increased with more years of exposure and decreased 

with length of abstinence. 53 

Periodontal disease and endodontic disease have long been established as linked. 

One study showed that endodontic infections, particularly in patients that are already 

prone to periodontitis, may augment the spread of the periodontal disease. 54 Chen et al. 

proposed that the toxic byproducts of pulpal disease may initiate periodontal defects 

through canal ramifications, as well as through the dentinal tubules. 55 Management of 

combined endodontic-periodontal lesions can be difficult (particularly when 

communication exists) and may require different protocols, including the placement of 

calcium hydroxide until periodontal disease is managed. 56 Recurring periodontal disease 

may have contributed to some of the lesions that did not heal well. 

It was interesting that gender was found to be a contributing factor in lesion size.  

Numerous outcome studies have found no significant difference between genders. 57, 58 In 

this examination, females had a higher mean lesion size, as shown in Tables 7 and 8.  

While not statistically significant, the p = 0.13 value showed a trend towards significance.  

It is unclear why this occurred, particularly as females are known to seek more regular 

medical and dental care. 59 This situation might have been different with an increased 

sample size or a more diverse patient population, but this cannot be stated definitively 

without pre-operative CBCT scans displaying how large the lesions were previously.  

 It was expected that the time since treatment might be an important factor in 

lesion size at the time of follow-up.  However, a Pearson’s correlation determined that 

when comparing the lesion size and time since treatment, there was no significant 

relationship (p = 0.26).  Similarly, unlike the earlier work by Fein and Fouad, there was 
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no significant difference between diabetics and non-diabetics in the type of treatment 

(primary vs. re-treatment) as p = 0.41.  

 

Study Limitations 

This study was limited mostly by the small sample size.  The response rate to the 

recruitment was fairly low (29%), despite the offer of follow-up treatment at no cost, as 

well as a financial incentive ($100) to cover the patient’s time and transportation to the 

school.  It should be noted that those patients who could be reached via telephone 

typically elected to participate. 

Second, it was unknown how large the lesions were at the time of treatment.  

While the pre and post-operative radiographs were available, none of the participating 

patients had previous CBCT images available.  Without knowledge of the size of the pre-

operative lesion, it is not possible to assess how much healing had truly occurred.  A 

future study could compare the periapical radiographs taken immediately following root 

canal treatment to those at follow-up, but this would be limited by the periapical exposure 

limitations mentioned above. 

Another limitation of the study was lack of any measurement of diabetic control 

at the time of initial treatment.  While measuring HbA1c does display plasma glucose 

concentration over 90 days, the level may have been drastically different at the time of 

treatment and/or during the 2-4 years since treatment was completed. 

Finally, it would have been useful to have further information about the medical 

status of each patient.  This information might include other contributing medical 

conditions, as well as measurement of Body Mass Index (BMI), which is known to be a 
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major risk factor for development of diabetes.  One study found that the risk of 

developing diabetes increased from 7.6 to 70.3% between underweight and very obese 

men and from 12.2 to 74.4% for women over the course of their lifetime. 60 Controlling 

for BMI and comorbidities would have strengthened the results. 

A number of studies in the medical field have looked at HbA1c level and healing.  

One recent study found that after controlling for a number of variables, only HbA1c level 

was associated with wound-area healing rate.  In fact, the authors found that for every 

1.0% increase in HbA1c, the daily wound-area healing rate was decreased by 0.028 cm2 

per day (p=0.027). 61  

Further, recent work at Columbia University has looked at Receptors for 

Advanced Glycation Endoproducts (RAGE), a cell receptor which links with ligands 

(AGE) in a lock and key formation.  It is known that AGE levels increase in diabetics and 

that RAGE is associated with many of the diabetic complications, including impaired 

wound healing. 62  

Using this information, oral health researchers found that in rats, a stronger and 

more persistent level of AGE and RAGE expression was noted in the diabetic group 

using micro-CT radiography.  The diabetic animals had a significantly decreased bone 

volume and trabecular number, as well as thinner trabeculae and more separation of 

trabeculae in the osseous defects. 63 Consideration of the medical implications of HbA1c 

level may strengthen future studies. 
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Future Directions 

This pilot study found that a significant, linear relationship exists between 

periapical lesion size and hemoglobin A1c level at the time of a 2-4 year follow-up.  

However, due to sample size limitations, there was insufficient power to make any 

definitive conclusions from a logistic regression analysis.  Future studies should include 

more patients to allow for further analysis. 

In addition, a more powerful study would be a prospective multi-location one, 

including pre-operative CBCT measurements, which could be compared directly to recall 

images.  This can be difficult under the time constraints of a postgraduate residency 

program, however.  Understanding of some of the medical confounders, such as BMI (as 

discussed above) and comorbidities, would also greatly strengthen the study. 
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CONCLUSION 

In conclusion, there appears to be a positive, linear relationship between HbA1c 

level and periapical lesion size at the time of follow-up.   
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