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• The patients with inflammatory bowel disease (IBD) had a greater mean number of teeth 
with apical periodontitis.

• There is a potential relationship between oral inflammatory pathology and systemic health 
status, including IBD.

•  Doctors and dentists should pay more attention to the oral health of these IBD patients to 
avoid dental infection consequences.

HIGHLIGHTS

Recent literature has suggested a potential association between inflammatory bowel diseases (IBD) and 
apical periodontitis (AP). The present systematic review and meta-analysis sought to analyse and appraise 
the available evidence regarding the reported association. Following 2020 PRISMA guidelines, a compre-
hensive search of multiple online databases (PubMed, Scopus, Web of Science, and Google Scholar) was 
conducted for all relevant studies published from the date of inception until 27 April 2023 using various 
relevant keywords. All observational studies that assessed the association between IBD and AP in humans 
were eligible for inclusion. The quality of the selected studies was carried out independently by two re-
viewers, and meta-analysis was performed using Comprehensive Meta-Analysis Version 2.2.064. Six studies 
(five case-control studies and one cohort study) were included. A total of 657 patients (277 with IBD) were 
included in 5 case-control studies, and 48,223 subjects (35,740 with AP) were included in the cohort study, 
where 188 developed IBD on follow-up. The pooled data from the five case-control studies revealed that 
IBD was significantly associated with a higher risk of AP (OR=1.71, 95% CI: 1.21–2.42; I2=10.337%, fixed-ef-
fect, p=0.002). The qualitative analysis also showed that most of the included studies found a higher mean 
number of teeth with AP in IBD groups than the healthy controls. Newcastle-Ottawa Scale (NOS)-based 
quality appraisal results demonstrated that five studies were of high quality, and one was of moderate qual-
ity. The results suggest a potential association between IBD and AP. Large-scale and prospective studies are 
required to further confirm and elucidate the nature of such an association.

Keywords: Apical periodontitis, Crohn’s disease, inflammatory bowel disease, periapical periodontitis, ul-
cerative colitis
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INTRODUCTION
Apical periodontitis (AP) is a pathological term that describes a 
local chronic inflammatory disease affecting the periradicular 
area surrounding the root apex caused by microbial infection 
of the root canal system (1). Worldwide, AP affects more than 
half of the adult population (52% at the individual level and 
5% at the tooth level) (2). AP can be symptomatic, causing vari-
able dentoalveolar manifestations, or asymptomatic, and ap-
pears incidentally in radiographs in routine dental visits (3, 4).

AP has been associated with many systemic diseases, such 
as cardiovascular disease (5), diabetes mellitus (6), and in-
flammatory bowel disease (IBD) (7, 8). Studies have reported 
a higher prevalence of AP (9, 10), dental caries (11), and pe-
riodontal disease (12) in IBD patients compared to healthy 
control individuals.

IBD includes two main phenotypes: Crohn’s disease (CD) 
and ulcerative colitis (UC). Both are multifactorial, idiopathic, 
chronic, recurrent inflammatory processes of the gastrointesti-
nal tract. IBD is characterised by diffuse inflammation, causing 
clinical episodes reflective of intestinal inflammation (13). The 
imbalance of pro-inflammatory and anti-inflammatory factors 
describes the mainstay of IBD pathogenicity (14, 15). However, 
many factors are also involved in IBD pathogenicity, such as 
environmental factors, gut microbiota, host genetic factors, 
and abnormal inflammatory and immune responses (16). Dur-
ing the active phase of the disease, patients tend to produce 
high levels of pro-inflammatory molecules (17), which could 
favour the development of AP (18). Perhaps quite the oppo-
site, a predisposition of a patient to oral infections such as AP 
may influence the risk of getting IBD (19).

Immunosuppressive therapeutics such as corticosteroids or 
disease-modifying anti-inflammatory drugs are the first line 
of treatment in patients with IBD (20). Currently, biologic 
medications (BMs) are used, and they are recombinant hu-
man proteins with immune regulatory effects (21). The mode 
of action of BMs is mainly by modulation of pro-inflamma-
tory cytokines. Indeed, anti-TNF agents have been reported 
to achieve disease remission (22). It has been suggested 
that the activation of the pro-inflammatory cascade asso-
ciated with immune-modulating therapy may improve the 
response of AP to endodontic treatment, where two studies 
showed faster healing of AP after root canal therapy (RCT) in 
patients taking BMs (23, 24).

The available information about the interrelation between oral 
inflammatory pathology and systemic health status should 
promote greater attention to the oral health of these patients 
among physicians and dentists. Therefore, this systematic re-
view and meta-analysis aimed to answer the question: Is there 
any potential association between IBD and AP?

MATERIALS AND METHODS

Eligibility Criteria
The present systematic review was carried out in full compli-
ance with the PRISMA 2020 statement and PECOS principles. 
The protocol was registered in PROSPERO (CRD42022347756). 

The PECOS-based criteria were: P (Patients): individuals aged 
18 years or older; E (Exposure): the presence of IBD; C (Control): 
healthy individuals; O (Outcomes): occurrence of pulpal-peri-
apical pathology (AP); S (Study design): cohort or case-control 
studies. Exclusion criteria included experimental studies, un-
controlled studies, case series, reviews, editorials, and lack of 
data on the outcome of interest. 

Search Strategy and Information Sources
A bibliographic search was conducted in four electronic 
databases (PubMed, Scopus, Web of Science, and Google 
Scholar) for all relevant studies published from inception un-
til August 2022 and updated on 27 April 2023. The following 
MeSH terms and free keywords were used: ((“irritable bowel 
disease” OR “inflammatory bowel disease” OR “Crohn’s dis-
ease*” OR “ulcerative colitis” AND (“periapical periodontitis” 
OR “apical periodontitis” OR “apical abscess” OR “endodontic 
infection”)). The detailed search strategy is presented in (Ap-
pendix 1). Additionally, the references of the included stud-
ies were explored manually to search for additional relevant 
articles. The retrieved studies were exported to EndNote Ref-
erence Management Software (Clarivate Analytics, London, 
UK), and duplicate studies were removed. Two reviewers (SA 
and RB) independently screened the record titles and ab-
stracts against the eligibility criteria and excluded irrelevant 
studies. After that, full texts of potentially eligible studies 
were sought and carefully scrutinised by the two reviewers. 

Data Extraction
Two investigators (AA and GA) extracted all the data of inter-
est using specific tables. The following data were abstracted: 
author(s), year of publication, country, study design, study 
groups, sample size, age, gender, the incidence or prevalence 
of AP, and diagnostic criteria for the main outcomes (AP). 
Some details regarding the prevalence of AP were obtained 
from authors via email contact. 

Quality Assessment 
Two investigators (AA and GA) assessed the quality of se-
lected studies using the Newcastle-Ottawa Scale (NOS) (25). 
The quality of the included studies was evaluated based on 
three domains: selection, comparability, and exposure for 
the case-control studies or outcome for the cohort study. 
There are items for each domain. The selection domain, for 
example, has items relevant to the independent validation of 
the cases, selection of non-exposed “healthy” controls from 
the same community, and the controls are defined with no 
history of disease (See the NOS items for assessment of the 
case-control and cohort studies in Appendix 2). Each item is 
awarded a star, and the number of stars obtained for each 
study reflects the degree of the quality. Accordingly, the 
studies were assessed as either high quality (7–9 stars), mod-
erate (4–6 stars), or low quality (0–3 stars). 

Meta-analysis 
Comprehensive Meta-Analysis Version 2.2.064 (Borenstein, 
M., Hedges, L., Higgins, J., and Rothstein, H. Biostat, Engle-
wood, NJ 2011) was used for the meta-analysis. The pooled 
odds ratios (ORs) along with 95% confidence intervals (CIs) 
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were used to calculate the risk of AP and root-filled teeth 
with AP (RFT-AP) in IBD patients and control subjects. Hetero-
geneity was evaluated using the Chi-square test and the I2 
statistics. The “fixed-effects” model was used, given the low 
or moderate heterogeneity (I2 ≤50%). 

Certainty of Evidence
The certainty of evidence of the meta-analysis outcomes was 
assessed using the GRADE (Grading of Recommendations, 
Assessment, Development, and Evaluations tool [GRADEpro 
GDT: GRADEpro Guideline Development Tool [Software]. 
McMaster University and Evidence Prime, 2022. Available from 
https://www.gradepro.org]) (26). This grading tool assesses five 
domains (risk of bias, inconsistency, indirectness, imprecision, 
and other considerations), which can downgrade the certainty 
of the evidence. At the same time, the presence of other fac-
tors, such as the large magnitude of effect and dose-response 
gradient, can upgrade the certainty of the evidence (27).

RESULTS

Study Selection
The search strategy is depicted in Figure 1. A total of 1072 
records were retrieved, 35 of which were duplicates. The re-
maining 1037 studies were screened independently by two 
investigators (SA and RB), and 1024 were excluded because 
they did not meet the eligibility criteria. The remaining 13 
studies were evaluated independently by the two investiga-
tors. Of these, seven articles were excluded for various reasons 
(See the studies and reasons in Appendix 3). The remaining six 
studies were included and processed for data extraction.

General Characteristics of the Included Studies
Six studies (7, 9, 10, 28–30) were included. A total of 657 sub-
jects (277 IBD) were included in 5 case-control studies (7, 9, 
10, 28, 29), and 48,223 (35,740 and 12,483 were with and with-
out AP, respectively) were included in the cohort study, where 

Figure 1. Flowchart of the study search strategy
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188 of them (136 and 52, respectively) developed IBD after >9 
years of follow-up (30) (Table 1). The six included studies were 
conducted in four different countries as follows: two studies 
in Italy (7, 9), two studies in Spain (10, 28), one study in the UK 
(29), and one study in Finland (30). The number of IBD partic-
ipants in the case-control studies ranged from 16 (29) to 110 
(9). The age of participants ranged from 18 to 90 years old. All 
studies included male and female participants (Table 1). Two 
studies confirmed the diagnosis of IBD cases by the interna-
tional investigational protocols and Montreal classification of 
IBD (10, 28), one study by international investigational proto-
cols alone (9), one study by records of drug reimbursement 
and International Classification of Diseases (30), and two stud-
ies relied on medical records without specifying the method 
of IBD confirmation (7, 29) (Appendix 4). The duration of IBD 
disease ranged from 2.6 to 24.7 years (Table 1).

AP Parameter
The parameter of AP (the main outcome) was the presence 
of periapical lesion measured by the periapical index (PAI) in 
four included studies (7, 9, 10, 28) and decayed, missing, and 
filled teeth (DMFT) index as a predictor of AP in two studies 
(29, 30) (Appendix 4). Ascertainment of AP status was assessed 
by either digital panoramic radiographs alone (10, 28–30) or 
panoramic and periapical radiographs (7, 9) (Appendix 4). The 
inter-observer agreement in all included case-control studies 
was high. The Kappa value ranged from 0.66 (29) to 0.89 (28). 
Similarly, the intra-observer agreement (Kappa) was also high, 
ranging from 0.66 (29) to 0.93 (10). 

Qualitative Outcomes
Four studies (7, 10, 28, 29) demonstrated significant associ-
ations between AP and IBD (higher prevalence of AP in IBD 
patients). Meanwhile, one study reported an insignificant as-
sociation between AP and IBD (9). In contrast, one large-scale 
cohort study reported no association between AP and the 
development of IBD (30). Taken individually, Poyato-Borrego 
et al. (10), in their case-control study, investigated the associ-
ation between AP and IBD among 108 Spanish participants. 
The authors observed a significantly higher AP prevalence 
(p=0.03) but an insignificant higher number of RFT-AP in IBD 
participants (p=0.39). Another case-control study by Segura-
Sampedro et al. (28) assessed the association between AP and 
IBD among 56 Spanish participants and showed a significantly 
higher number of RFT-AP in IBD patients (p=0.001). Although 
the prevalence of AP in IBD participants was higher, the dif-
ference was not statistically significant (p=0.08). In their case-
control study of 198 Italian participants, Ideo et al. (7) assessed 
the association between AP and autoimmune (AI) diseases, in-
cluding IBD, and found a significantly higher prevalence of AP 
in AI participants compared with the controls (p=0.007) and 
the highest prevalence of teeth with AP was recorded among 
IBD participants (113 out of 1758 teeth). A similar case-control 
study on 178 UK participants conducted by Allihaibi et al. (29) 
showed a significantly higher prevalence of AP in the autoim-
mune diseases (AI) group compared with the control group at 
the patient level (p=0.015) and at tooth level (p=0.005). How-
ever, IBD demonstrated the lowest risk among the tested AI 
diseases (p=0.047). In contrast, in another retrospective case-

control study on 220 Italians, Piras et al. (9) failed to find a sig-
nificant association between AP and IBD (p=0.489). However, 
the authors found a significant difference in the mean num-
ber of teeth with AP in IBD female participants compared to 
healthy female participants (p=0.042). Surprisingly, the au-
thors reported a significantly larger AP lesion size in IBD partic-
ipants (p=0.0001). Heikkila et al. (30) conducted a large-scale 
cohort study in Finland that included at baseline 48,223 par-
ticipants; 35740 and 12483 were with and without AP, respec-
tively. After > 9 years of follow up, 136 participants with AP 
and 52 participants without AP developed IBD. The incidence 
rate ratio of AP in IBD was 0.89, 95% CI: 0.61–1.31, suggestive 
of no association of the presence of AP at baseline with the 
incidence of IBD after over 9 years of follow-up.

Quality of the Studies
NOS-based results demonstrated that the included studies 
were of moderate to high quality: one study was of moderate 
quality (29), and five studies were of high quality (7, 9, 10, 28, 
30), with a total score ranging from 6 to 8 stars (Table 2). The 
results of the detailed assessment of the studies per each NOS 
domain have been demonstrated in Appendix 5a and b.

Meta-analysis
Five case-control studies (7, 9, 10, 28, 29) with 657 subjects 
(277 with IBD and 380 controls) were included in a meta-anal-
ysis regarding the prevalence of AP and showed that it was 
significantly more likely to occur in IBD (OR=1.71, 95% CI: 1.21 
– 2.42, p=0.002) compared to the controls (fixed effect model, 
I2=10.337%, p=0.347) (Fig. 2). Moreover, three case-control 
studies (7, 10, 28) with 195 RFT in IBD patients and 218 RFT 
in controls revealed higher RFT-AP among IBD (OR=2.70, 95% 
CI: 1.77 – 4.12, p<0.001) compared to the controls (fixed effect 
model, I2=21.818%, p=0.278) (Fig. 3).

Certainty of the Evidence
The GRADE assessment demonstrated a moderate certainty of 
the evidence in the measured outcomes (Table 3). The overall 
quality of the evidence for association between IBD and AP 
or RFT-AP outcomes was downgraded due to the presence of 
confounding factors in the included studies. The initial quality 
of the evidence for association between IBD and RFT-AP out-
come was also downgraded due to serious imprecision (see 
the footnote of Table 3), but the strong association between 
the RFT-AP and IBD (large effect: more than two) upgraded 
this outcome to become a moderate.

DISCUSSION
Converging and reproducible evidence on the association 
between oral and systemic diseases continues growing. IBD 
is not an exception. Indeed, many recent systematic reviews 
reported higher prevalence rates of caries (13, 31), periodon-
titis (13, 32, 33), and specific and nonspecific oral lesions (34, 
35) among IBD patients. Similarly, many systematic reviews 
showed that AP is associated with cardiovascular diseases (36, 
37), diabetes (30), adverse pregnancy outcomes (38), autoim-
mune diseases (39), and other systemic diseases (40). In par-
ticular, two systematic reviews (39, 41) have been published in 
2021, suggesting a correlation between autoimmune diseases 
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(including IBD) and AP. In this context, since recent original 
studies (7, 28, 29) have been published in 2022 and 2023 and 
no meta-analysis on this issue has been conducted so far, to 
the best of our knowledge, and the presence of inconsisten-
cies in the level of significance or the outcomes of the pub-
lished studies (Table 1), the need for the current systematic 
review and meta-analysis is justified. 

Based on the qualitative analysis of this systematic review, four 
studies (7, 10, 28, 29) out of the six included studies reported 
significant associations between AP and IBD and the other 
two studies showed either insignificant association (9) or no 
association (30) between AP and IBD, indicating little evidence 
for the association between AP and IBD. Such inconsistent re-
sults among the included studies may occur due to differences 
in sample size, the presence of confounding factors or both 
(42, 43). However, based on the quantitative analysis (meta-
analysis), AP and IBD are correlated: IBD patients are signifi-
cantly more likely to have AP (OR=1.71, 95% CI: 1.21 – 2.42, 

p<0.01) compared to the healthy control and IBD patients 
have significantly more RFT-AP compared to the healthy con-
trol (OR=2.70, 95% CI: 1.77–4.12, p<0.001) with good or ac-
ceptable homogeneity across the included studies for AP and 
RFT-AP analyses (I2=10.34%, 21.82%, respectively). In addition, 
the assessment of the certainty of evidence revealed a mod-
erate certainty, which emphasised the potential association 
between AP and IBD. However, interpretation of the results 
should be done with some caution, given the methodological 
limitations in the included studies discussed at the end of this 
section.

There is little evidence on the biological mechanism linking 
AP with IBD. It is a foregone conclusion that AP is the ultimate 
outcome of dental caries, and in many instances, AP devel-
ops at the expense of periodontal disease. Indeed, periodon-
titis has been reported as an independent factor for AP (44) 
and non-vital pulp (45). Although the treatments of AP and 
periodontitis are entirely different, they target the same aim: 

TABLE 2. NOS-based quality appraisal results

Study Selection Comparability Exposure or Total Quality 
 (4)  (2) outcome score 
   (3)  (9) 

Piras et al., 2017 (9) 4 1 2 7 High
Poyato-Borrego et al., 2020 (10) 4 2 2 8 High
Ideo et al., 2022 (7) 3 2 2 7 High 
Segura-Sampedro et al., 2022 (28) 4 2 2 8 High
Heikkila et al., 2022# (30) 3 2¥ 3 8 High
Allihaibi et al., 2023 (29) 2 2 2 6 Moderate

#: Assessed by the same NOS-based quality assessment scale but for cohort study, ¥: Patients with and without apical periodontitis were followed for >9 years, and the 
incident IBD cases were compared. NOS: Newcastle-Ottawa Scale, IBD: Inflammatory bowel diseases

Figure 2. Meta-analysis of AP in IBD patients and controls
AP: Apical periodontitis, CI: Confidence interval, IBD: Inflammatory bowel diseases

Figure 3. Meta-analysis of the RFT with AP out of all RFT among patients with IBD and controls
IBD: Inflammatory bowel diseases, CI: Confidence interval, RFT: Root-filled teeth, AP: Apical periodontitis
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eradicating the causative microorganisms and the 
infected and necrotic tissue, hoping to provide an 
ideal environment for healing. The etiopathogen-
esis mechanisms of both diseases overlap consid-
erably: almost common microbial elements trigger 
a complex inflammatory immune response, ulti-
mately resulting in bone destruction (46). Accord-
ingly, it seems plausible that the proven and pro-
posed mechanisms published so far in the context 
of the potential association of periodontitis and IBD 
also apply in the context of the potential associa-
tion of AP and IBD.

The available evidence in the literature may not 
be sufficient to infer a causal relation between oral 
health (including AP) and IBD. Instead, a bidirec-
tional correlation between them has been sug-
gested, bringing a question into the scene: What 
comes first, the IBD or the AP? Hence, an unre-
solved question is whether AP is a cause, a conse-
quence, or just a kind of coincident disease with 
IBD. Besides that, the results of the published fol-
low-up studies were inconsistent. In a cohort study 
involving 20,162 individuals in Sweden who were 
followed for 40 years, the authors reported better 
oral health parameters (tooth loss, plaque) among 
206 individuals who were diagnosed with IBD, 
suggesting unexpectedly a protective effect for 
poor oral health (47). On the contrary, the risk of 
developing periodontitis was higher among 6657 
CD patients compared to 26,628 matched non-IBD 
controls (48). The results of animal studies were 
consistent with the latter study in which alveolar 
bone loss and even periodontitis have been re-
ported to occur spontaneously in murine models 
of IBD (49) and Crohn’s disease (50), respectively; 
the alveolar bone loss was proportional to intesti-
nal inflammation rather than that of periodontium 
(49). In their turn, many studies, including the five 
studies included in this meta-analysis (7, 9, 10, 28, 
29), almost consistently suggest an increased risk 
for poor oral health among IBD patients (13, 31).

Oral-gut microbiome axis is a new concept where 
oral-to-gut and gut-to-oral microbial transmissions 
or translocation contribute to shaping or reshaping 
both microbial ecosystems, modulating eventually 
the pathogenesis of diseases in these habitats (51, 
52) and even diseases in distant sites (52). Although 
the acidic medium of the stomach and the highly 
competitive gut microbiome render the gut resis-
tant to colonisation, some microbiological studies 
detected oral bacteria in the intestinal biopsies or 
stools of IBD patients (53, 54). More specifically, 
paediatric patients with UC showed depletion of 
core gut microbes at the expense of the expansion 
of bacteria, which is typical of the oral cavity (55). 
The chance of colonisation of the gut by oral bac-
teria increases in cases of chronic oral infections TA
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(oral dysbiosis) (56), such as AP, particularly in susceptible 
hosts (57). In a mouse experimental model, infection of dental 
pulp by Porphyromonas gingivalis, a keystone oral bacterium, 
induced chronic AP, which in turn led to dysbiosis of the gut 
microbiome, along with aggravating experimentally-induced 
atherosclerosis (58). Colonisation of the gut by oral bacteria, 
irrespective of the route of transmission or translocation, oral-
gut, lymphatic or haematogenous, and the release of their 
toxins are not the sole mechanisms through which oral dys-
biosis induces disease processes elsewhere. Another, perhaps 
more powerful, yet related mechanistic is through instigating 
both arms of immunity (innate and adaptive) with the subse-
quent firing of inflammation (59). Kitamoto et al. (59) provided 
a murine model to investigate the pathogenesis of periodon-
titis and colitis as follows: Periodontitis triggers the expansion 
of oral bacteria, which helps to fasten ectopic colonisation of 
the gut and induction of colitis through IL-1β. T helper 17 cells 
are activated in periodontal inflammation; these cells migrate 
to the gut, contributing to colitis through interaction mainly 
with the ectopic oral bacteria (59). Worth mentioning is that 
T helper cells are activated through almost similar pathways 
in the context of AP (60, 61). Gut innate and adaptive immune 
responses to ectopic oral bacteria and the resultant outcom-
peted gut microbiome cannot be overlooked. Indeed, ectopic 
colonisation of the gut by bacteria of oral origin causes the 
expansion of colitogenic T cell-promoting colitis in susceptible 
hosts (62).

Based on the argument above, the association between IBD 
and oral conditions, including AP, probably starts in a feed-
back mechanism and might end in a feedforward one, causing 
a vicious cycle. Similar to periodontitis, AP causes low-grade 
systemic inflammation and increases the systemic levels of 
inflammatory markers (40, 63) mainly through elevation of C-
reactive protein, interleukins 1, 2 and 6, asymmetric dimethy-
larginine, C3, and IgA, IgG, and IgM levels (63, 64). AP also 
causes bacteraemia (40). Both contribute negatively to sys-
temic health (40, 63, 64) and vice versa (65). Accordingly, the 
bidirectional association between AP and many systemic dis-
eases is not surprising; instead, it is increasingly gaining inter-
est among dental and medical researchers.

Although it is the first systematic review with meta-analysis 
that sought to elucidate the potential association between IBD 
and AP, the evidence provided must be dealt with cautiously 
given the following limitations that must be accounted for. 
The number of the included studies is few, irrespective of the 
homogeneity of the main outcome. Similarly, the pooled sam-
ple size in the meta-analysis is small. In addition, the presence 
of confounding factors that may overestimate or underesti-
mate the effect magnitude (43). Thus, these limitations may 
reduce the overall strength of the evidence for the association 
between IBD disease and AP prevalence.

CONCLUSION
To sum up, the available evidence indicates that IBD may be 
associated with AP. However, further, well-designed, large-
scale, prospective cohort studies are highly warranted to 
stand on conclusive evidence. Studies on animal models 

where AP is considered as exposure and outcome alter-
nately are encouraged.

Disclosures

Online Appendix Files: https://jag.journalagent.com/eurendodj/abs_files/

EEJ-74507/EEJ-74507_(0)_FINAL_EEJ-2023-05-057_(2)_edit_appendix.pdf

Acknowledgment: Esam Halboub and Arwa Al-Maswary equally contributed 

to this work.

Conflict of interest: The authors deny any conflict of interest.

Peer-review: Externally peer-reviewed.

Financial Disclosure: This study did not receive any financial support.

Authorship contributions: Concept – E.H., M.M., A.A., G.A.; Design – E.H., 

S.A.A., R.B.; Supervision – E.H., S.A.A.; Funding - S.A.; Materials - S.A.A., R.B., A.A.; 

Data collection and/or processing – S.A.A, R.B., A.A., G.A.; Analysis and/or in-

terpretation – E.H., S.A.A., A.A., G.A., S.A.; Literature search – M.M., S.A.A, R.B.; 

Writing – M.M., S.A.A., R.B, A.A., E.H.; Critical Review – E.H., A.A., S.A.

REFERENCES
1. Nair PN. Apical periodontitis: a dynamic encounter between root canal 

infection and host response. Periodontol 2000 1997; 13:121–48. [CrossRef ]
2. Tiburcio-Machado CS, Michelon C, Zanatta FB, Gomes MS, Marin JA, Bier 

CA. The global prevalence of apical periodontitis: a systematic review 
and meta-analysis. Int Endod J 2021; 54(5):712–35. [CrossRef ]

3. Bender IB, Seltzer S. Roentgenographic and direct observation of experi-
mental lesions in bone: II. 1961. J Endod 2003; 29(11):707–12. [CrossRef ]

4. American Association of Endodontists; American Academy of Oral 
Maxillofacial and Radiology. Use of cone-beam computed tomography 
in endodontics Joint Position Statement of the American Association 
of Endodontists and the American Academy of Oral and Maxillofacial 
Radiology. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2011; 
111(2):234–7. [CrossRef ]

5. Liljestrand JM, Mantyla P, Paju S, Buhlin K, Kopra KA, Persson GR, et al. 
Association of endodontic lesions with coronary artery disease. J Dent 
Res 2016; 95(12):1358–65. [CrossRef ]

6. Segura-Egea JJ, Castellanos-Cosano L, Machuca G, Lopez-Lopez J, Mar-
tin-Gonzalez J, Velasco-Ortega E, et al. Diabetes mellitus, periapical in-
flammation and endodontic treatment outcome. Med Oral Patol Oral Cir 
Bucal 2012; 17(2):e356–61. [CrossRef ]

7. Ideo F, Niazi S, Mezzena S, Mannocci F, Cotti E. Prevalence of apical peri-
odontitis in patients with autoimmune diseases under immunomodula-
tors: a retrospective cohort study. J Endod 2022; 48(6):722–9. [CrossRef ]

8. Poyato-Borrego M, Segura-Egea JJ, Martin-Gonzalez J, Jimenez-Sanchez 
MC, Cabanillas-Balsera D, Areal-Quecuty V, et al. Prevalence of endodon-
tic infection in patients with Crohn’s disease and ulcerative colitis. Med 
Oral Patol Oral Cir Bucal 2021; 26(2):e208–15. [CrossRef ]

9. Piras V, Usai P, Mezzena S, Susnik M, Ideo F, Schirru E, et al. Prevalence 
of apical periodontitis in patients with inflammatory bowel diseases: a 
retrospective clinical study. J Endod 2017; 43(3):389–94. [CrossRef ]

10. Poyato-Borrego M, Segura-Sampedro JJ, Martin-Gonzalez J, Tor-
res-Dominguez Y, Velasco-Ortega E, Segura-Egea JJ. High prevalence 
of apical periodontitis in patients with inflammatory bowel disease: an 
age- and gender- matched case-control study. Inflamm Bowel Dis 2020; 
26(2):273–9. [CrossRef ]

11. Brito F, de Barros FC, Zaltman C, Carvalho AT, Carneiro AJ, Fischer RG, et 
al. Prevalence of periodontitis and DMFT index in patients with Crohn's 
disease and ulcerative colitis. J Clin Periodontol 2008; 35(6):555–60.

12. Koutsochristou V, Zellos A, Dimakou K, Panayotou I, Siahanidou S, Ro-
ma-Giannikou E, et al. Dental caries and periodontal disease in children 
and adolescents with inflammatory bowel disease: a case-control study. 
Inflamm Bowel Dis 2015; 21(8):1839–46. [CrossRef ]

13. Papageorgiou SN, Hagner M, Nogueira AV, Franke A, Jager A, Deschner 
J. Inflammatory bowel disease and oral health: systematic review and a 
meta-analysis. J Clin Periodontol 2017; 44(4):382–93. [CrossRef ]

14. Pastorelli L, Garg RR, Hoang SB, Spina L, Mattioli B, Scarpa M, et al. Epi-
thelial-derived IL-33 and its receptor ST2 are dysregulated in ulcerative 

https://doi.org/10.1111/j.1600-0757.1997.tb00098.x
https://doi.org/10.1111/iej.13467
https://doi.org/10.1097/00004770-200311000-00006
https://doi.org/10.1016/j.tripleo.2010.11.012
https://doi.org/10.1177/0022034516660509
https://doi.org/10.4317/medoral.17452
https://doi.org/10.1016/j.joen.2022.02.008
https://doi.org/10.4317/medoral.24135
https://doi.org/10.1016/j.joen.2016.11.004
https://doi.org/10.1093/ibd/izz128
https://doi.org/10.1111/j.1600-051X.2008.01231.x
https://doi.org/10.1097/MIB.0000000000000452
https://doi.org/10.1111/jcpe.12698
https://jag.journalagent.com/eurendodj/abs_files/EEJ-74507/EEJ-74507_(0)_FINAL_EEJ_2023-05-057_(2)_edit_appendix_Rev.pdf


Halboub et al. Association between Inflammatory Bowel Diseases and Apical Periodontitis EUR Endod J 2024; 9: 8-1716

colitis and in experimental Th1/Th2 driven enteritis. Proc Natl Acad Sci U 
S A 2010; 107(17):8017–22. [CrossRef ]

15. Cominelli F. Cytokine-based therapies for Crohn's disease--new para-
digms. N Engl J Med 2004; 351(20):2045–8. [CrossRef ]

16. Guan Q. A Comprehensive review and update on the pathogenesis of 
inflammatory bowel disease. J Immunol Res 2019; 2019:7247238.

17. Szczeklik K, Owczarek D, Pytko-Polonczyk J, Kesek B, Mach TH. Proin-
flammatory cytokines in the saliva of patients with active and non-active 
Crohn's disease. Pol Arch Med Wewn 2012; 122(5):200–8. [CrossRef ]

18. Figueredo CM, Brito F, Barros FC, Menegat JS, Pedreira RR, Fischer RG, et 
al. Expression of cytokines in the gingival crevicular fluid and serum from 
patients with inflammatory bowel disease and untreated chronic peri-
odontitis. J Periodontal Res 2011; 46(1):141–6. [CrossRef ]

19. Van Dyke TE, Dowell VR Jr, Offenbacher S, Snyder W, Hersh T. Potential 
role of microorganisms isolated from periodontal lesions in the patho-
genesis of inflammatory bowel disease. Infect Immun 1986; 53(3):671–7.

20. Hanauer SB, Present DH. The state of the art in the management of in-
flammatory bowel disease. Rev Gastroenterol Disord 2003; 3(2):81–92.

21. Ardizzone S, Bianchi Porro G. Biologic therapy for inflammatory bowel 
disease. Drugs 2005; 65(16):2253–86. [CrossRef ]

22. Neurath MF, Travis SP. Mucosal healing in inflammatory bowel diseases: a 
systematic review. Gut 2012; 61(11):1619–35. [CrossRef ]

23. Cotti E, Mezzena S, Schirru E, Ottonello O, Mura M, Ideo F, et al. Heal-
ing of apical periodontitis in patients with inflammatory bowel diseas-
es and under anti-tumor necrosis factor alpha therapy. J Endod 2018; 
44(12):1777–82. [CrossRef ]

24. Cotti E, Careddu R, Schirru E, Marongiu S, Barca MP, Manconi PE, et al. A 
case of SAPHO syndrome with endodontic implications and treatment 
with biologic drugs. J Endod 2015; 41(9):1565–70. [CrossRef ]

25. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol 2010; 25(9):603–5. [CrossRef ]

26. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1. Introduction-GRADE evidence profiles and summary of findings 
tables. J Clin Epidemiol 2011; 64(4):383–94. [CrossRef ]

27. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et 
al. GRADE: an emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ 2008; 336(7650):924–6. [CrossRef ]

28. Segura-Sampedro JJ, Jimenez-Gimenez C, Jane-Salas E, Cabanillas-Bals-
era D, Martin-Gonzalez J, Segura-Egea JJ, et al. Periapical and endodon-
tic status of patients with inflammatory bowel disease: age- and sex-
matched case-control study. Int Endod J 2022; 55(7):748–57. [CrossRef ]

29. Allihaibi M, Niazi SA, Farzadi S, Austin R, Ideo F, Cotti E, et al. Prevalence 
of apical periodontitis in patients with autoimmune diseases: a case-con-
trol study. Int Endod J 2023; 56(5):573–83. [CrossRef ]

30. Heikkila P, Niskanen L, But A, Sorsa T, Haukka J. Oral health associated 
with incident diabetes but not other chronic diseases: a register-based 
cohort study. Front Oral Health 2022; 3:956072. [CrossRef ]

31. Marruganti C, Discepoli N, Gaeta C, Franciosi G, Ferrari M, Grandini S. 
Dental caries occurrence in inflammatory bowel disease patients: a sys-
tematic review and meta-analysis. Caries Res 2021; 55(5):485–95.

32. She YY, Kong XB, Ge YP, Liu ZY, Chen JY, Jiang JW, et al. Periodontitis and in-
flammatory bowel disease: a meta-analysis. BMC Oral Health 2020; 20(1):67.

33. Zhang Y, Qiao D, Chen R, Zhu F, Gong J, Yan F. The association between 
periodontitis and inflammatory bowel disease: a systematic review and 
meta-analysis. Biomed Res Int 2021; 2021:6692420. [CrossRef ]

34. Lauritano D, Boccalari E, Di Stasio D, Della Vella F, Carinci F, Lucchese A, 
et al. Prevalence of oral lesions and correlation with intestinal symptoms 
of inflammatory bowel disease: a systematic review. Diagnostics (Basel) 
2019; 9(3):77. [CrossRef ]

35. Malik TF, Aurelio DM. Extraintestinal manifestations of inflammatory 
bowel disease. In: Treasure Island (FL):StatPearls; 2022.

36. Noites R, Teixeira M, Cavero-Redondo I, Alvarez-Bueno C, Ribeiro F. Apical 
periodontitis and cardiovascular disease in adults: a systematic review 
with meta-analysis. Rev Cardiovasc Med 2022; 23(3):100. [CrossRef ]

37. Sebring D, Buhlin K, Norhammar A, Ryden L, Jonasson P, EndoReCo, et al. 
Endodontic inflammatory disease: a risk indicator for a first myocardial 
infarction. Int Endod J 2022; 55(1):6–17. [CrossRef ]

38. Jakovljevic A, Sljivancanin Jakovljevic T, Duncan HF, Nagendrababu V, 
Jacimovic J, Aminoshariae A, et al. The association between apical peri-

odontitis and adverse pregnancy outcomes: a systematic review. Int En-
dod J 2021; 54(9):1527–37. [CrossRef ]

39. Guerrero-Girones J, Ros-Valverde A, Pecci-Lloret MP, Rodriguez-Loza-
no FJ, Pecci-Lloret MR. Association between pulpal-periapical pa-
thology and autoimmune diseases: a systematic review. J Clin Med 
2021;10(21):4886. [CrossRef ]

40. Niazi SA, Bakhsh A. Association between endodontic infection, its treat-
ment and systemic health: a narrative review. Medicina (Kaunas) 2022; 
58(7):931. [CrossRef ]

41. Agossa K, Roman L, Gosset M, Yzet C, Fumery M. Periodontal 
and dental health in inflammatory bowel diseases: a systemat-
ic review. Expert Rev Gastroenterol Hepatol 2021 Jul 19:1–15. doi: 
10.1080/17474124.2021.1952866. [Epub ahead of print]. [CrossRef ]

42. Faber J, Fonseca LM. How sample size influences research outcomes. 
Dental Press J Orthod 2014; 19(4):27–9. [CrossRef ]

43. Skelly AC, Dettori JR, Brodt ED. Assessing bias: the importance of consid-
ering confounding. Evid Based Spine Care J 2012; 3(1):9–12. [CrossRef ]

44. Ruiz XF, Duran-Sindreu F, Shemesh H, Garcia Font M, Valles M, Roig Cay-
on M, et al. Development of periapical lesions in endodontically treated 
teeth with and without periodontal involvement: a retrospective cohort 
study. J Endod 2017; 43(8):1246–9. [CrossRef ]

45. Kato T, Fujiwara N, Kuraji R, Numabe Y. Relationship between periodontal 
parameters and non-vital pulp in dental clinic patients: a cross-sectional 
study. BMC Oral Health 2020; 20(1):109. [CrossRef ]

46. Cavalla F, Letra A, Silva RM, Garlet GP. Determinants of periodontal/peri-
apical lesion stability and progression. J Dent Res 2021; 100(1):29–36.

47. Yin W, Ludvigsson JF, Liu Z, Roosaar A, Axell T, Ye W. Inverse association 
between poor oral health and inflammatory bowel diseases. Clin Gastro-
enterol Hepatol 2017; 15(4):525–31. [CrossRef ]

48. Chi YC, Chen JL, Wang LH, Chang K, Wu CL, Lin SY, et al. Increased risk of 
periodontitis among patients with Crohn's disease: a population-based 
matched-cohort study. Int J Colorectal Dis 2018; 33(10):1437–44.

49. Qiao D, Chen R, Li L, Zhu F, Zhang Y, Yan F. Accelerated alveolar bone loss 
in a mouse model of inflammatory bowel disease and its relationship 
with intestinal inflammation. J Periodontol 2022; 93(10):1566–77.

50. Pietropaoli D, Del Pinto R, Corridoni D, Rodriguez-Palacios A, Di Stefano 
G, Monaco A, et al. Occurrence of spontaneous periodontal disease in 
the SAMP1/YitFc murine model of Crohn disease. J Periodontol 2014; 
85(12):1799–805. [CrossRef ]

51. Park SY, Hwang BO, Lim M, Ok SH, Lee SK, Chun KS, et al. Oral-gut mi-
crobiome axis in gastrointestinal disease and cancer. Cancers (Basel) 
2021;13(9):2124. [CrossRef ]

52. du Teil Espina M, Gabarrini G, Harmsen HJM, Westra J, van Winkelhoff AJ, 
van Dijl JM. Talk to your gut: the oral-gut microbiome axis and its immu-
nomodulatory role in the etiology of rheumatoid arthritis. FEMS Microbi-
ol Rev 2019; 43(1):1–18. [CrossRef ]

53. Dinakaran V, Mandape SN, Shuba K, Pratap S, Sakhare SS, Tabatabai MA, 
et al. Identification of specific oral and gut pathogens in full thickness 
colon of colitis patients: implications for colon motility. Front Microbiol 
2018; 9:3220. [CrossRef ]

54. Gupta VK, Kim M, Bakshi U, Cunningham KY, Davis JM 3rd, Lazaridis KN, et 
al. A predictive index for health status using species-level gut microbi-
ome profiling. Nat Commun 2020; 11(1):4635. [CrossRef ]

55. Schirmer M, Denson L, Vlamakis H, Franzosa EA, Thomas S, Gotman NM, 
et al. Compositional and temporal changes in the gut microbiome of pe-
diatric ulcerative colitis patients are linked to disease course. Cell Host 
Microbe 2018; 24(4):600–10. [CrossRef ]

56. Read E, Curtis MA, Neves JF. The role of oral bacteria in inflammatory 
bowel disease. Nat Rev Gastroenterol Hepatol 2021; 18(10):731–42.

57. Hajishengallis G, Chavakis T. Local and systemic mechanisms linking 
periodontal disease and inflammatory comorbidities. Nat Rev Immunol 
2021; 21(7):426–40. [CrossRef ]

58. Gan G, Lu B, Zhang R, Luo Y, Chen S, Lei H, et al. Chronic apical periodon-
titis exacerbates atherosclerosis in apolipoprotein E-deficient mice and 
leads to changes in the diversity of gut microbiota. Int Endod J 2022; 
55(2):152–63. [CrossRef ]

59. Kitamoto S, Nagao-Kitamoto H, Jiao Y, Gillilland MG 3rd, Hayashi A, 
Imai J, et al. The intermucosal connection between the mouth and 
gut in commensal pathobiont-driven colitis. Cell 2020; 182(2):447–62. 
[CrossRef ]

https://doi.org/10.1073/pnas.0912678107
https://doi.org/10.1056/NEJMp048253
https://doi.org/10.1155/2019/7247238
https://doi.org/10.20452/pamw.1256
https://doi.org/10.1111/j.1600-0765.2010.01303.x
https://doi.org/10.1128/iai.53.3.671-677.1986
https://doi.org/10.2165/00003495-200565160-00002
https://doi.org/10.1136/gutjnl-2012-302830
https://doi.org/10.1016/j.joen.2018.09.004
https://doi.org/10.1016/j.joen.2015.04.005
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1111/iej.13747
https://doi.org/10.1111/iej.13902
https://doi.org/10.3389/froh.2022.956072
https://doi.org/10.1159/000519170
https://doi.org/10.1186/s12903-020-1053-5
https://doi.org/10.1155/2021/6692420
https://doi.org/10.3390/diagnostics9030077
https://doi.org/10.31083/j.rcm2303100
https://doi.org/10.1111/iej.13634
https://doi.org/10.1111/iej.13538
https://doi.org/10.3390/jcm10214886
https://doi.org/10.3390/medicina58070931
https://doi.org/10.1080/17474124.2021.1952866
https://doi.org/10.1590/2176-9451.19.4.027-029.ebo
https://doi.org/10.1055/s-0031-1298595
https://doi.org/10.1016/j.joen.2017.03.037
https://doi.org/10.1186/s12903-020-01103-9
https://doi.org/10.1177/0022034520952341
https://doi.org/10.1016/j.cgh.2016.06.024
https://doi.org/10.1007/s00384-018-3117-4
https://doi.org/10.1002/JPER.21-0374
https://doi.org/10.1902/jop.2014.140316
https://doi.org/10.3390/cancers13092124
https://doi.org/10.1093/femsre/fuy035
https://doi.org/10.3389/fmicb.2018.03220
https://doi.org/10.1038/s41467-020-18476-8
https://doi.org/10.1016/j.chom.2018.09.009
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1111/iej.13655
https://doi.org/10.1016/j.cell.2020.05.048


EUR Endod J 2024; 9: 8-17 17Halboub et al. Association between Inflammatory Bowel Diseases and Apical Periodontitis

60. Bunte K, Beikler T. Th17 cells and the IL-23/IL-17 axis in the pathogenesis 
of periodontitis and immune-mediated inflammatory diseases. Int J Mol 
Sci 2019; 20(14):3394. [CrossRef ]

61. Hasiakos S, Gwack Y, Kang M, Nishimura I. Calcium signaling in T cells 
and chronic inflammatory disorders of the oral cavity. J Dent Res 2021; 
100(7):693–9. [CrossRef ]

62. Atarashi K, Suda W, Luo C, Kawaguchi T, Motoo I, Narushima S, et 
al. Ectopic colonization of oral bacteria in the intestine drives TH1 
cell induction and inflammation. Science 2017; 358(6361):359–65. 
[CrossRef ]

63. Georgiou AC, Crielaard W, Armenis I, de Vries R, van der Waal SV. Apical 
periodontitis is associated with elevated concentrations of inflammatory 
mediators in peripheral blood: a systematic review and meta-analysis. J 
Endod 2019; 45(11):1279–95. [CrossRef ]

64. Gomes MS, Blattner TC, Sant'Ana Filho M, Grecca FS, Hugo FN, Fouad 
AF, et al. Can apical periodontitis modify systemic levels of inflamma-
tory markers? A systematic review and meta-analysis. J Endod 2013; 
39(10):1205–17. [CrossRef ]

65. Kim J, Amar S. Periodontal disease and systemic conditions: a bidirec-
tional relationship. Odontology 2006; 94(1):10–21. [CrossRef ]

https://doi.org/10.3390/ijms20143394
https://doi.org/10.1177/0022034521990652
https://doi.org/10.1126/science.aan4526
https://doi.org/10.1016/j.joen.2019.07.017
https://doi.org/10.1016/j.joen.2013.06.014
https://doi.org/10.1007/s10266-006-0060-6

