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Abstract

Periapical periodontitis is a chronic inflammatory disease, caused by endodontic infection, and its
development is regulated by the host immune/inflammatory response. Metabolic disorders, which are largely
dependent on life style such as eating habits, have been interpreted as a “metabolically-triggered” low-grade
systemic inflammation and may interact with periapical periodontitis by triggering immune modulation.
Diabetes mellitus (DM) is a group of complex multisystem metabolic disorders due to a deficiency in insulin
secretion caused by pancreatic B-cell dysfunction and/or insulin resistance in liver and muscle.

Objective: In this paper, the current status of knowledge regarding the relationship between periapical
inflammation and diabetes mellitus type Il is reviewed.

Material and method: Research was conducted on scientific papers published on Medline - Pub med in the
past 10 years (from 2012-2022). The search was performed using the Mesh (Medical Subject Headings) key
words: periapical inflammatory lesions, periapical periodontitis and diabetes mellitus type II.

Results: Several studies have analyzed the possible association between periapical inflammatory lesions and
diabetes mellitus type Il. The results of studies carried mainly in animal models, less in humans suggested
association between endodontic variables such as apical periodontitis, root canal treatment and diabetes
mellitus type 2.The demonstration of association does not prove by itself the existence of a cause-effect
relationship.

Conclusion: A review of the literature showed connection between periapical inflammatory lesions and
diabetes mellitus type Il, but prospective case control clinical studies are needed for further clarifying this
relation.
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1. Introduction

Periapical inflammatory lesions are most frequent inflammatory disease in jaw bones.

The prevalence of apical periodontitis (AP) in Europe has been reported to affect 61% of
individuals and 14% of teeth, and increase with age. Likewise, the prevalence of root canal
treatment (RCT) in Europe is estimated to be around 30-50% of individuals and 2-9% of teeth
with radiographic evidence of chronic persistent AP in 30-65% of root filled teeth (RFT) [1].
AP is not only a local phenomenon and for some time the medical and dental scientific
community are interested in understanding the possible connection between apical
periodontitis and systemic health. Among various systemic diseases, diabetes mellitus stands
out as most frequent metabolic disorder that has a dramatic overall impact with high
morbidity and mortality.

Type 1 diabetes results from cellular-mediated autoimmune destruction of pancreatic p-cells,
which usually leads to total loss of insulin secretion; in contrast, type 2 diabetes is caused by
resistance to insulin combined with a failure to produce enough additional insulin to
compensate for the resistance. The latter is commonly linked to obesity, which contributes to
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insulin resistance through elevation of circulating levels of free fatty acids derived from the
adipocytes; these free fatty acids inhibit glucose uptake, glycogen synthesis and glycolysis.
Periapical inflammatory lesions affect the tissues of the periodontal complex and come from a
bacterial infection of the canal pulp. These lesions are not just local processes. Thus,
periapically released inflammatory cytokines, such as IL-1B, IL-6, IL-8, and TNF-a, may
enter the systemic circulation and cause or maintain a state of increased chronic systemic
inflammation.

Amongst the environmental factors involved in the pathogenesis of type 2 diabetes, low-grade
inflammation seems to occupy a prominent place [2].

This occurs when inflammatory stimuli of infectious origin, such as periodontal disease or
apical periodontitis, both oral infections caused by Gram-negative bacteria, activate the innate
immune system, causing a high level of pro-inflammatory interleukins [3].

Apical periodontitis could initiate or propagate insulin resistance by enhancing activation of
the overall systemic immune response initiated by cytokines. [4]

Through this mechanism, apical periodontitis can induce or perpetuate an elevated chronic
systemic inflammatory status, contributing to increased insulin resistance and poor glycemic
control [5-6].

However, there is no sufficient scientific evidence supporting a causal effect of periapical
inflammation on diabetes control.

Diabetes, on the other hand, is characterized by an increase in chronic systemic inflammation
and angiopathy, leading to an increase in susceptibility to infection and poor wound healing.
These changes can negatively affect the remission of periapical lesions and reduce the success
of endodontic treatment. Exactly high concentrations of circulating cytokines, particularly
CRP and interleukin-6 (IL-6), are associated with type 2 diabetes.

2. Aim

In this paper, the status of knowledge regarding the relationship between periapical chronic
inflammatory lesions and diabetes mellitus type Il is reviewed.

3. Material and methods

In order to achieve the set task, focused research was conducted on scientific papers
publishedon Medline - Pub med in the past 10 years (from 2012-2022). The search was
performed using the Mesh (Medical Subject Headings) key words: periapical periodontitis,
diabetes mellitus, apical periodontitis.

The following criteria were included: the papers should be published as abstracts or full text
articles, they should be prospective and retrospective clinical studies, and as most valuable
systemic reviews and meta analysis.

4. Results

Studies clarifying the connection between periapical processes and diabetes mellitus in
particular are lacking.

The studies that have been done have found a connection between general diseases and
periapical changes, some have investigated the periapical changes of endodontically treated
teeth in regard to diabetes mellitus type 2, or the healing of periapical lesions after endodontic
treatment in people with diabetes and other general diseases.

The effect of high sugar intake on the development of periradicular lesions was investigated
by Iwama et al. [7] In this animal study they evaluated the effects of type 2 diabetes on the
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development of periradicular lesions. The pulp in the left mandibular first molar was exposed
through the occlusal surface in Goto-Kakizaki (GK) rats with spontaneous non-insulin-
dependent diabetes mellitus, and in control Wistar rats. Four weeks after pulp exposure,
histologic analysis showed that alveolar bone resorption was most severe and the periradicular
lesions were largest in diabetic rats given a sucrose solution, suggesting that the metabolic
conditions produced by type 2 diabetes enhance the development of periradicular lesions in
rats.

In a retrospective cohort study, Segura-Egea et al. [8] investigated the prevalence of AP in
patients with and without type 2 diabetes mellitus. This epidemiological study, determined
radiographically the prevalence of AP in patients with and without type 2 diabetes mellitus.
Results showed that apical periodontitis in at least one tooth was found in 81.3% of diabetic
patients and in 58% of control subjects. Amongst diabetic patients 7% of the teeth had AP,
whereas in the control subjects 4% of teeth were affected.

In the two consecutive studies Segura-Egea et al [5,9]focused on investigating the connections
between apical periodontitis and different systemic diseases, including diabetes mellitus type
Il. Studies carried out both in animal models and humans suggest an association between
endodontic variables, such as apical periodontitis (AP) and root canal treatment (RCT), and
diabetes mellitus (DM), tobacco smoking, coronary heart disease and other systemic diseases.
They reported a higher prevalence of periapical lesions, delayed periapical repair, greater size
of osteolytic lesions, greater likelihood of asymptomatic infections and poorer prognosis for
RFT in diabetic patients.

The biological mechanisms by which diabetes mellitus can influence the healing of periapical
tissues, affecting the outcome of RCT, are mainly three: impaired innate immunity,
hyperglycemia and the formation of irreversibly glycated-proteins forming advanced
glycation end products (AGES). [9]

Bender et al.[10] studied the relationship between systemic diseases, endodontic failures and
other treatment procedures. In cases of poorly controlled DM, periapical radiolucency tends to
develop during treatment, but if DM is under therapeutic control, periapical lesions heal as
readily as in non-diabetics.

As a conclusion they pointed out that inflammatory periapical reactions are greater in diabetic
states, and that increased local inflammation causes an intensification of diabetes with a rise in
blood glucose, placing the patient in an uncontrolled diabetic state. This often requires an
increase in insulin dosage or therapeutic adjustment. Removal of the inflammatory state
usually creates a need for a lesser amount of insulin for diabetic control.

5. Discussion

Several studies investigated the connection between diabetes mellitus type Il and periapical
processes, including also the changes that occur around the root of endodontically treated
teeth or the consequences that may occur.

In a cross-sectional study Lopez-Lopez et al [11] examined radiographic records of 50 adult
patients with a history of well-controlled type 2 diabetes mellitus (DM) (study group) and 50
age and sex matched subjects with no history of DM (control group). Periapical status of all
teeth was assessed radiographically using the Periapical Index Score (Orstavik, 1986).

Result of the study found higher prevalence of apical periodontitis in patients with diabetes
mellitus as well as higher number of root canal treatment RCT.

Marotta P.S [12] investigated the prevalence of AP in diabetic patients compared with
matched nondiabetic patients and the effect of glycemic control on the incidence of AP. In
this cross-sectional study carried out in adult Brazilian population using full mouth
radiographs and Strindberg’s criteria for the diagnostic of AP, found that AP was significantly
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more common in teeth from diabetic individuals (15%) than in nondiabetic controls
(12%).The significance was mostly because of the prevalence of AP in untreated teeth: the
frequency of AP lesions in untreated teeth was significantly higher in teeth of type 2 diabetics
(10%) compared to control (7%).

The results of studies suggest an association between DM and a higher prevalence of AP,
odontogenic infections and greater size of periapical lesions.

The following systematic review and meta-analysis studied available scientific evidence on
the association between diabetes and the presence of radiolucent periapical lesions (RPLs) in
root-filled teeth (RFT). It was concluded that diabetes is significantly associated to higher
prevalence of periapical radiolucency in endodontically treated teeth, being an important
putative pre-operative prognostic factor in RCT(root canal treatment).[13]

Uncontrolled or poorly controlled diabetes mellitus may be a risk factor for the development
of large and/or debilitating periapical infections.

Fouad et al. [14] induced periapical lesions in first molars of female nonobese diabetic (NOD)
mice and measured periapical lesion size histomorphometrically.

The objectives of this investigation were to:(i) determine the effect of diabetes mellitus on the
pathogenesis of periapical lesions with or without specific bacterial inoculations at the
exposure sites, and (ii) test the sensitivities of two microbiological techniques in detecting the
persistence of the bacterial inoculum in exposed pulps of nonobese diabetic (NOD) mice.
Periapical lesions were induced in first molars of 29 female NOD mice and 31 controls .Then,
they measured periapical lesion size histomorphometrically, observing more pronounced
periapical lesions in diabetic rates compared with controls.

Bain et al. [15] described the development of insulin resistance in pregnant rats with induced
periapical abscesses. Endodontically affected pregnant rats had increased interleukins and
serum TNFa levels, together with significant increases in blood glucose and serum insulin
concentrations.

Liu et al. [16] reported that metformin, one of the antihyperglycemic agents commonly used
for the treatment of type 2 diabetes, decreases periapical bone loss area after pulp exposure in
Wistar rats through lowering the RANKL/osteoprotegerin (OPG) ratio, reducing the number
of osteoclasts and bone resorption areas.

Experimental studies support the influence of apical periodontitis on glucose and glycated
hemoglobin levels of diabetic animals. Studies carried out using mice as an experimental
model, have reported higher glycaemia, and greater periapical inflammatory infiltrate with
more bone resorption in diabetic mice with apical periodontitis, compared to control animals
[16].

A diabetic state was induced with streptozotocin. Apical periodontitis was induced by dental
exposure to the oral environment. Periodontal disease was induced by periodontal ligature.
Blood glucose concentrations were measured at 0, 6, 30 and 60 days. After euthanization, rat
maxillae were excised and processed for histopathology and for measurement of HbAlc
levels by ion exchange chromatography. Data were tabulated and subject to statistical
analysis. Additionally, diabetic mice with periapical lesions presented higher levels of
glycolyzedhemoglobin Hb1Ac, suggesting that concomitant periapical infections may impair
metabolic control of diabetes. Glycolyzedhemoglobin Hb1Ac is an established marker for
diabetic control.Glycated hemoglobin (HbALc) levels test is considered the gold standard for
diabetic control. Test measures the average glycaemia of the last 2-3 months, allowing to
assess the effectiveness of the treatment that the patient receives.HbAlc <6,5%means well
controlled, while HbAlc >6,5% ill controlled diabetic condition.

Apical periodontitis significantly increases the levels of inflammatory interleukins in diabetic
animals with apical periodontitis. Diabetic animals showed a significant increase of IL-17
levels when compared to control mice [17]. Increased level of IL-17 was also found in
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diabetic rats without AP [18], suggesting that diabetes plays an important role in the
increment of 1L-17.

These findings, together with those of Prieto et al. 2017 [19] who found more aggressive
inflammatory infiltrate in the periapical area of diabetic animals, with lower levels of serum
albumin and increased level of antioxidant uric acid, support the link between diabetes and
periapical inflammation.

In the more recent report Cintra et al [20] investigated the relationship between blood profile
and histologic findings in both AP and PD associated with diabetes in Wistar rats.

They concluded that diabetes accelerated the development and progression of AP and PD and
caused an increase in average erythrocyte volume as well as leucocyte and neutrophil counts.
Both oral infections increase the total number of leucocytes, the number of neutrophils and
lymphocytes, and blood glucose concentrations in DM rats.

Britto et al. [21] investigated the prevalence of radiographic periradicular radiolucency in
root-filled teeth and untreated teeth in patients with and without diabetes.

The records of 30 subjects with diabetes and 23 control subjects attending the Endodontic
Graduate Clinic at the University of Florida, Gainesville, were reviewed. The number of teeth
with root canal treatments with and without peri radicular radiolucency and the number of
teeth without endodontic treatment but with periradicular lesions were recorded.

Results showed that men with type 2 diabetes who had root canal treatments were more likely
to have residual lesions.

Sanchez-Dominguez et al. 2015 [22] also performed a cross-sectional study evaluating the
glycated hemoglobin levels of diabetic patients in relation to their periapical status. Thus,
radiographic records of 83 type 2 diabetic patients were examined. Glycemic control was
assessed by the mean glycated hemoglobin (HbAlc level). AP was diagnosed as radiolucent
periapical lesions (RPLs) using the periapical index score. Their results revealed that the
periapical state was significantly associated with HbAlc levels.

Multivariate logistic regression analysis showed that worse periapical status correlated
significantly with HbA1c levels >6.5% in patients with type 2 diabetes (p = 0.03).

Astolphi et al. [23] found that the presence of a periapical lesion can have detrimental effects
on insulin signaling and cause insulin resistance.

The association between the diabetic status and a slower healing of the periapical lesion has
been confirmed by systematic reviews with meta-analysis.

Nagendrababu V. et al [24] performed systematic review developed and registered in the
PROSPERO database. Four electronic databases (PubMed, EBSCHOhost, Cochrane and
Scopus databases) were used to perform a literature search until July 2019. This systematic
review concluded that diabetes is a main pre-treatment risk factor for root canal treatment.
The results of studies carried out both in animal models and humans suggest an association
between endodontic variables, that is AP and RCT, and diabetes mellitus type 2.The
demonstration of association does not prove by itself the existence of a cause-effect
relationship. Hence the motive for further clinical investigations.

6. Conclusion

The analysis of the studies included in this review suggests that there is an association
between apical lesions and diabetes mellitus, and that there is link between glycemic control
as a marker for diabetic control and periapical status. However, the type and quality of the
studies carried on humans are insufficient for understanding the true nature of this relation.
Further prospective, case control studies are needed for clarifying these relation.
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