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Abstract

Segura-Egea JJ, Jiménez-Pinzón A, Rı́os-Santos JV,

Velasco-Ortega E, Cisneros-Cabello R, Poyato-Ferrera M.

High prevalence of apical periodontitis amongst type 2 dia-

betic patients. International Endodontic Journal, 38, 564–569, 2005.

Aim To study the prevalence of AP in patients with

and without type 2 diabetes mellitus.

Methodology In a retrospective cohort study, the

records of 38 subjects with diabetes and 32 control

subjects were examined. All participants underwent a

full-mouth radiographic survey incorporating 14

periapical radiographs. The periapical region of all

teeth, excluding third molars, was examined. Periap-

ical status was assessed using the periapical index

score. Statistical analyses were conducted using the

Cohen’s j test, analysis of variance and logistic

regression.

Results Apical periodontitis in at least one tooth was

found in 81.3% of diabetic patients and in 58% of

control subjects (P ¼ 0.040; OR ¼ 3.2; 95% CI ¼ 1.1–

9.4). Amongst diabetic patients 7% of the teeth had AP,

whereas in the control subjects 4% of teeth were

affected (P ¼ 0.007; OR ¼ 1.8; 95% CI ¼ 1.2–2.8).

Conclusions Type 2 diabetes mellitus is significantly

associated with an increased prevalence of AP.

Keywords: apical periodontitis, diabetes mellitus,

endodontics.
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Introduction

Diabetes mellitus is a syndrome characterized by

abnormalities in carbohydrate, lipid and protein meta-

bolism that results either from profound or an absolute

deficiency of insulin (type 1) or from target tissue

resistance to its cellular metabolic effects (type 2)

(Vernillo 2003). Diabetes also affects many functions of

the immune system and is associated with delayed

healing and compromised immune responses (Delam-

aire et al. 1997). The oral complications of uncon-

trolled diabetes mellitus can include xerostomia,

infection, poor healing, increased incidence and sever-

ity of caries, candidiasis, gingivitis, periodontal disease

and burning mouth syndrome (Little et al. 1997).

Aggressive forms of periodontal disease have been

associated with increased serum glucose levels (Katz

2001) especially, when poorly controlled (Soskolne &

Klinger 2001). Recently, high incidence of periodontal

attachment loss has been described amongst diabetics

(Thomson et al. 2004).

On the contrary, apical periodontitis (AP) is primar-

ily a sequela to dental caries caused by infection of the

root canal system. Periradicular lesions consecutive to

AP result from irritation of the periradicular tissues by

polymicrobial irritants from root canals, in teeth with

necrotic pulps. Several epidemiological investigations

have shown a high prevalence for AP ranging from

1.4% (Eriksen et al. 1998) to 8.0% (Imfeld 1991) using

the tooth as unit. When individuals are used as the

unit, the prevalence can be as high as 61.1% and

increase with age (Figdor 2002, Jiménez-Pinzón et al.

2004). Root canal treatment is the elective treatment

for teeth with AP that must be preserved. There is a

biological basis to suggest that diabetes mellitus can

affect the periapical immune response causing a
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delayed healing process. Consequently, there could be

expected a higher prevalence of periapical lesions and

higher rate of post-treatment disease in diabetic

patients than in control subjects without diabetes.

However, the literature on the pathogenesis, progres-

sion and healing of endodontic pathosis in diabetic

patients is remarkably sparse. Few studies have inves-

tigated clinically in humans the possible association

between diabetes mellitus and AP (Falk et al. 1989,

Bender & Bender 2003, Britto et al. 2003, Fouad &

Burleson 2003).

The aim of the present study was to investigate the

prevalence of AP in root filled teeth and untreated teeth

in diabetic patients and control subjects without

diabetes.

Materials and methods

Amongst the patients seeking routine dental care at the

University of Seville, Faculty of Dentistry, 32 subjects

reporting a history of well-controlled type 2 diabetes

mellitus diagnosed according to the fasting plasma

glucose and 75-g oral glucose tolerance test. An

additional 38 patients who were within the age range

of the diabetic patients, who reported no history of

diabetes and normal glucose tolerance, served as

control subjects. The total sample consisted of 70

subjects, 29 males (41.4%) and 41 females (58.6%).

The mean and standard deviation for age were 61.0

and 8.4 years, respectively. The scientific committee of

the Dental Faculty approved the study and all the

patients gave written informed consent.

All participants underwent a full-mouth radio-

graphic survey consisting of 14 periapical radiographs.

All radiographs were taken with a Trophy CCX X-ray

unit (Trophy Radiologie, Vincennes, France) using the

long-cone paralleling technique, setting of 70 kV,

10 mA, a film-focus distance of 28 cm and Ultra Speed

film (Eastman Kodak, Rochester, NY, USA).

From the full-mouth radiographic survey all teeth,

excluding third molars, were recorded. Teeth were

categorized as root filled teeth if they had been filled

with a radiopaque material in the root canal(s). The

following information was recorded on a structured

form for each subject: (i) number of teeth present; (ii)

number and location of teeth without root fillings

(untreated teeth) having identifiable periapical lesions

and (iii) number and location of root filled teeth. The

periapical status was assessed using the ‘periapical

index’ (PAI) (Ørstavik et al. 1986) (Table 1). Each

category used in the PAI represents a step on an

ordinal scale of registration of periapical inflammation.

The worst score of all roots were taken to represent the

PAI score for multirooted teeth.

One observer with 6 years of clinical experience in

endodontics examined the radiographs. The method of

viewing the radiographs was standardized; films were

examined in a darkened room using an illuminated

viewer box with magnification (3.5·) whilst mounted

in a cardboard slit to block off ambient light emanating

from the viewer. Before evaluation, the observer

participated in a calibration course for PAI system,

which consisted of 100 radiographic images of teeth,

some root filled and some not. Each tooth was assigned

to one of the five PAI scores using visual references

(Ørstavik et al. 1986) for the five categories within the

scale (Fig. 1). After scoring the teeth, the results were

compared to a ‘gold standard atlas’, and Cohen’s j was

0.71.

Intra-observer reproducibility was evaluated by the

repeat scoring of 50 patients 2 months after the first

examination. These patients were randomly selected.

Table 1 Periapical index (Ørstavik et al. 1986)

Score Criteria

1 Normal periapical structures

2 Small changes in bone structure

3 Changes in bone structure with some mineral loss

4 Periodontitis with well defined radiolucent area

5 Severe periodontitis with exacerbating features

Figure 1 Visual references used for the

evaluation of the roots using the PAI

score system (Ørstavik et al. 1986).
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Before the second evaluation of the radiographs, the

observer was recalibrated in the PAI system by scoring

the 100 standard images. The intraobserver agreement

test on PAI scores on the 50 patients produced a

Cohen’s j of 0.77.

PAI score >2 was considered to be a sign of

periapical pathology (Ørstavik et al. 1986). The periap-

ical status of all teeth was assessed.

Raw data were entered into Excel� (Microsoft

Corporation, Redmond, WA, USA). The analyses were

carried out in an SPSS environment (Version 11; SPSS

Inc., Chicago, IL, USA). Analysis of variance and

logistic regression were used to determine the signifi-

cance of differences between diabetic and nondiabetic

patients for the parameters: number of teeth with AP,

number of root filled teeth, number of root filled teeth

with AP and number of untreated filled teeth with AP.

Data are reported as mean ± standard deviation.

Results

The study group consisted of 32 patients with diabetes,

12 men and 20 women, ranging from 43 to 74 years

old (63.1 ± 8.3 years). The control group consisted of

38 subjects without diabetes, 16 men and 22 women,

ranging from 46 to 74 years (59.6 ± 7.4 years)

(P > 0.05). The average number of teeth per patient

was 21.6 ± 2.8 and 25.4 ± 4.1 teeth in diabetic and

control groups, respectively (P ¼ 0.025). Apical peri-

odontitis in one or more teeth was found in 26 diabetic

patients (81%) and in 22 control subjects (58%)

(P ¼ 0.040; OR ¼ 3.2; 95% CI ¼ 1.1–9.4) (Tables 2

and 3). The average number of teeth with AP were

1.5 ± 1.1 and 0.9 ± 1.1 teeth in diabetic and control

subjects, respectively (P > 0.05). One or more root-

filled teeth were found in 31% (10) and 42% (16) of

diabetic and control subjects, respectively (P ¼ 0.25).

Amongst diabetic patients with root filled teeth, seven

(70%) had AP affecting at least one treated tooth. In

control subjects with root-filled teeth, 10 (63%) had AP

affecting at least one treated tooth (P ¼ 0.34).

The total number of teeth examined in the study

group was 692; 48 (6.9%) had AP (PAI ‡ 3). On the

contrary, amongst the 966 teeth examined in the

control group only 38 (4%) had AP (P ¼ 0.007;

OR ¼ 1.8; 95% CI ¼ 1.2–2.8) (Table 4). There was

no significant difference between groups in the per-

centages of PAI scores ‡3 (P ¼ 0.20).

The number of root filled teeth in the study and

control groups were 12 (2%) and 20 (2%), respectively

(P ¼ 0.62) (Table 4). Amongst diabetic patients, 10

root filled teeth (83%) had AP, whereas in the control

subjects 12 root filled teeth (60%) had AP (P ¼ 0.17).

Finally, amongst untreated teeth, 38 (6%) and 26 (3%)

were associated with AP in diabetic patients and in

control subjects, respectively (P ¼ 0.004; OR ¼ 2.1;

95% CI ¼ 1.3–3.5).

Discussion

The subjects included in this retrospective cohort study

were adult patients attending for the first time the

dental service of the Faculty of Dentistry of Seville

(Spain). The recruitment of subjects was the same as

those used by others (Kirkevang et al. 2000, Britto et al.

2003, Fouad & Burleson 2003). Both the study and the

control cohorts consisted of more women than men,

however, epidemiological studies reported that gender

had no effect on the presence of AP or the frequency of

root canal treatment (Ørstavik et al. 1986, Jiménez-

Pinzón et al. 2004). There was no significant difference

in the age of the groups.

Table 2 Prevalence of AP, root filled teeth (RFT) and root-

filled teeth with apical periodontitis (RFT-AP) in diabetic

(n ¼ 32) and control (n ¼ 38) subjects

AP (%) RFT (%) RFT-AP (%)

Diabetic 26 (81) 10 (31) 7 (70)

Control 22 (58) 16 (42) 10 (63)

Total 48 (69) 26 (37) 17 (65)

RFT-AP are out of all RFTs.

Table 3 Logistic regression analyses of the influence of the

independent variable ‘diabetic status’ on the dependent

variables AP, RFT and RFT-AP

Dependent variable B P OR 95% CI

AP 1.148 0.04 3.15 1.05–9.44

RFT )0.577 0.25 0.56 0.21–1.50

RFT-AP 0.575 0.34 1.78 0.54–5.81

Table 4 Distribution of teeth with AP, RFT, RFT-AP and

untreated teeth with apical periodontitis in diabetic and

control subjects

Total teeth AP RFT RFT-AP UT-AP

Diabetic 692 48 (7) 12 (2) 10 (83) 38 (6)

Control 966 38 (4) 20 (2) 12 (60) 26 (3)

Total 1658 86 (5) 32 (2) 22 (69) 64 (4)

OR

Control 1.0 1.0 1.0 1.0

Diabetic 1.8** 0.8* 3.3* 2.1**

OR: odds ratio; *P > 0.05; **P < 0.05. RFT-AP are out of all RFTs.
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Periapical radiography was used to evaluate the

presence of AP. Previous studies have also used

periapical radiographs (Imfeld 1991, Kirkevang et al.

2001, Boucher et al. 2002, Britto et al. 2003, Kirkev-

ang & Wenzel 2003). Moreover, the PAI used for

scoring periapical status was first described for peria-

pical radiographs (Ørstavik et al. 1986) and has been

widely used in the literature (Eriksen et al. 1995,

Marques et al. 1998, Sidaravicius et al. 1999, Kirkev-

ang et al. 2001, Boucher et al. 2002, Kirkevang &

Wenzel 2003, Segura-Egea et al. 2004). Periapical

areas of all the teeth, excluding only third molars,

were radiographically evaluated. Thus, the results

reproduced the periapical status of the subjects. Other

authors, in similar studies, have excluded teeth with

absent or defective coronal restorations, teeth with

their periradicular tissues near radiolucent anatomic

structures, or root filled teeth with inadequate root

canal treatment (Britto et al. 2003). However, these

exclusions necessarily alter the results and prevent the

determination of the real periapical status of the

subjects.

The average number of teeth were lower in diabetic

patients (21.6 ± 2.8) than in control subjects

(25.4 ± 4.1) (P ¼ 0.025). These findings are in

accordance with numerous reports, documenting con-

vincingly, that diabetes mellitus, especially when

poorly controlled, is associated with significant tooth

loss due to the increased incidence and severity of

caries and aggressive forms of periodontal disease (Little

et al. 1997, Katz 2001, Soskolne & Klinger 2001,

Fouad 2003, Lagervall et al. 2003, Vernillo 2003).

On the contrary, Falk et al. (1989) did not find

significant differences in the number of teeth between

diabetic and nondiabetic subjects. However, in the

present study, patients with seven or fewer remaining

teeth were excluded because they often had periodontal

disease (De Cleen et al. 1993, Lupi-Pegurier et al.

2002). Thus, the influence of periodontal disease has

been reduced.

The results of the present study show that the

prevalence of AP in diabetic patients is significantly

higher than in control subjects (P ¼ 0.04; OR ¼ 3.2;

95% CI ¼ 1.1–9.4). This appears to be the first

epidemiological study that has demonstrated a signifi-

cant correlation between diabetes mellitus and AP. In

an earlier report (Bender et al. 1963) it was proposed

that healing of periapical lesions would not occur if

diabetes was not controlled and that the lesions will

increase in size despite root canal treatment. Later, it

has been found that long duration diabetics exhibited

teeth with periapical lesions to a greater extent than

short duration diabetics and nondiabetic subjects (Falk

et al. 1989) and it was reported that patients with

diabetes mellitus had a disproportionately high per-

centage of clinically severe pulpal or periodontal

infections (Ueta et al. 1993).

Recently, in a similar design study (Britto et al.

2003) one or more teeth with AP were found in 97% of

diabetic patients (81% in the present study) and in 87%

of control subjects (58% in the present study) and no

significant differences in the prevalence of AP between

both groups were reported. However, these investiga-

tors excluded teeth with absent or defective coronal

restorations, teeth with periradicular tissues near

radiolucent anatomic structures and root filled teeth

with inadequate root canal treatment. Because of this,

their results do not reflect the real periapical status of

the subjects studied and the comparison between both

groups cannot produce definite conclusions.

The total number of teeth with AP (PAI ‡ 3) was 86,

representing 5.2% of the total. The frequency of teeth

with AP in other studies varies from 0.6% (Eriksen

et al. 1995) to 9.8% (Allard & Palmqvist 1986). The

range was wide, probably due to the variation amongst

populations examined. The frequency of teeth affected

with AP amongst diabetic patients (6.9%) was twice

(P ¼ 0.007; OR ¼ 1.8) than in the control group

(3.9%). These results are in agreement with a previous

report (Falk et al. 1989) that found a group of

individuals amongst patients with diabetes who had

more periradicular lesions than did those without

diabetes. However, OR, confidence intervals and

P-values arising from analyses in which the tooth is

the unit risk serious anticonservatism.

Several animal models have been developed to study

the relation between diabetes and periapical lesions. In

an animal study, diabetes was induced in rats by using

streptozotocin (Kohsaka et al. 1996). Diabetic rats

showed more severe inflammation in apical periodontal

ligament, root resorption and alveolar bone resorption

than control rats. Moreover, the lesions in the peri-

radicular area were significantly larger than those in

control. Another study (Fouad et al. 2002) showed a

more severe outcome in a type 1 diabetic mouse model

after the inoculation of the exposed pulp with a mixture

of facultative and anaerobic bacteria, compared with

the control mice. Recently, it has been reported (Iwama

et al. 2003) that alveolar bone resorption was most

severe and periradicular lesions were largest in diabetic

rats given a 30% sucrose solution, concluding that the

metabolic conditions produced by type 2 diabetes
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mellitus enhance the development of periradicular

lesions in rats. On the contrary, the results of the

present study did not show significant differences in the

PAI score (that evaluate the size of the periapical

radiolucency) between diabetic and control teeth with

AP (PAI scores ‡3). However, it is considered that the

diabetic group in this study showed a good degree of

glycaemic control.

The percentages of subjects having at least one root

filled tooth did not differ significantly in diabetic

(31.3%) and control (42.1%) groups, as well as the

number of root-filled teeth. In both groups, the preval-

ence of root canal treatment was low compared with

previous reports (Imfeld 1991, Sidaravicius et al.

1999). However, the frequency of root canal treatment

found in this study can be considered normal in

comparison with the prevalence of endodontic treat-

ment determined previously in the Spanish population

(41%) (Jiménez-Pinzón et al. 2004). The results of

Britto et al. (2003) showed similar features: no associ-

ation was found between root canal treatment per se

and diabetic state. Nevertheless, these authors found a

very high percentage of root filled teeth both in diabetic

(66.7%) and control (91.3%) groups. The reasons for

these findings are the same as those stated above,

although they can be also attributed to better overall

dental care with easier access to the endodontic

therapy in the population of the US compared with

the Spanish population.

It has been hypothesized that poorly controlled

diabetes may also increase the rate of root treatment

disease, but this statement is not supported by the results

of the present study. The percentages of subjects with at

least one root-filled tooth affected with AP did not differ

significantly in diabetic (70.0%) and control (62.5%)

groups (P > 0.05). Taking the tooth as unit, the results

were confirmed, although diabetic patients showed a

higher percentage of root filled teeth associated with AP

(83.3%) than the control subjects (60.0%) (P > 0.05).

As it has been suggested earlier, the information from

the present study confirms that individuals who have

root fillings should be considered for further radio-

graphic examination as the radiographic evidence of a

root filling was a very crucial risk indicator for AP in the

individual (Bergström et al. 1987, Kirkevang et al.

2001, Jiménez-Pinzón et al. 2004).

The results of this study are in agreement with a

previous report (Britto et al. 2003) that also found

70.0% of diabetic subjects with root filled teeth

associated with AP and 71.4% in the control group

(P > 0.05). On the contrary, in a Swedish subpopula-

tion, female residents with long-duration insulin-

dependent diabetes mellitus were found to have an

increased prevalence of root filled teeth with periapical

lesions than residents with short-duration insulin-

dependent diabetes mellitus (Falk et al. 1989). More-

over, in an earlier clinical study (Cheraskin & Ringsdorf

1968), radiographic healing of periapical lesions

following root canal treatment was closely monitored,

showing that in a low glucose group the periapical

radiolucencies were reduced by an average of 74%

compared with a reduction of only 48% for a high

glucose group. Recently, analysing data on nonsurgical

endodontic cases, Fouad & Burleson (2003) concluded

that patients with diabetes had increased periodontal

disease in teeth involved endodontically and had a

reduced likelihood of success of root canal treatment,

but only in cases with preoperative periradicular

lesions. Nevertheless, the same investigator reported

that diabetes did not affect the treatment outcome in

the total sample (Fouad 2003).

Conclusions

The data reported in the present study, taken together

with previous reports in human and the animal studies

provide findings that suggest some differences in the

natural history of periapical lesions in the diabetic

patient and strongly support the concept that diabetes

acts as a risk factor for AP, increasing its prevalence and

may affect the outcome of the root canal treatment. We

conclude that type 2 diabetes mellitus is significantly

associated with an increased prevalence of AP.
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