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Abstract

Objectives Rheumatoid arthritis (RA) is a debilitating disease where numerous pro-inflammatory cytokines have a proven
role in its pathology. These cytokines are also involved in the pathogenesis of apical periodontitis (AP) where they have a
pro-inflammatory role and induce bone resorption. Patients with RA may therefore be more prone to develop pulpal-periapical
pathology (PPP). This study systematically reviewed the existing literature evaluating the association between RA and PPP.
Materials and methods Studies including human participants with both RA and PPP were included. The search was per-
formed in PubMed, Web of Science, and The Cochrane Library databases using keywords and Medical Subject Headings
(MeSH) search terms. The risk of bias was assessed using Newcastle—Ottawa Quality Assessment Scale. The following
parameters were extracted and analyzed by the reviewers; author, journal, year, design of the study, diagnostic criteria for
periapical pathology, the association between rheumatoid arthritis and periapical pathology, and the evidence level.
Results The search identified 142 records. Inclusion criteria were as follows; studies in the English language, including
human participants only, including patients with RA and PPP, cohort studies, cross-sectional studies, clinical trials, and
case—control studies. According to the inclusion criteria, 5 studies were included in this systematic review. Three of the five
studies reported significant association between RA and PPP.

Conclusions Existing evidence suggests there may be an association between RA and PPP.

Clinical relevance Clinicians should be aware that RA patients can be more prone to develop PPP which may result in a
reduced quality of life.

Keywords Rheumatoid arthritis - Apical periodontitis - Systemic diseases - Oral health

Introduction

According to the World Health Organization, almost half of
the world’s population is affected by dental caries and glob-
ally in 2010, US$ 442 billion was spent on the management
of caries, periodontitis and replacement of teeth lost for these
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two diseases [1]. Untreated dental caries causes inflammatory
changes in the dental pulp which results in pulpal inflamma-
tion and infection [2]. The pulpal inflammation/infection can
be managed with partial or full pulpotomy [3, 4] or root canal
treatment; otherwise, inflammation/infection may extend
beyond the apex of the tooth leading to PPP/AP [2].

If AP is not adequately managed, then the continued pres-
ence of irritants in the apical part of the root canal system
may result in acute inflammation gradually shifting to a
chronic inflammatory reaction, known histologically as a
periapical granuloma. Clinically, this is usually seen as an
asymptomatic radiolucency and it reflects a state of quies-
cence, or “balance” with the microbes being confined to the
root canal [5, 6]. AP may lead to a chronic abscess develop-
ment with a sinus tract or it may possibly exacerbate into an
acute abscess [7]. There is also emerging evidence that AP
may lead to increased systemic inflammation (higher plas-
matic levels of CRP, IL-6 and fibrinogen) if left untreated [8,
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9]. Moreover, several studies suggest a potential association
between AP and systemic diseases such as; type 2 diabetes
[10, 11], ankylosing spondylitis [12], cardiovascular disease
[13], and RA [14].

RA is the most common form of inflammatory joint dis-
ease, with a global prevalence of 1%. It is characterized by
symmetrical involvement of the peripheral joints and symp-
toms include progressive joint destruction, swelling stiffness,
and pain [15]. Although the exact cause of RA is unknown,
recent findings suggest that autoimmunity and genetics would
be the reason for the disease development [16—18].

The dominant feature in the RA is inflammation of syn-
ovium which occurs as a consequence of leukocyte infiltra-
tion into the synovium [19, 20]. As a result of this inflam-
mation, the synovial capillary flow decreases because of the
increased fluid volume which results in the hypoxia of the
interior inflamed synovium [21] and the synovial membrane
becomes hyperplastic [19]. Increased levels of cytokines
which plays a central role in the perpetuation of synovial
inflammation and the infiltration of inflammatory and
immune cells such as: B and T lymphocytes, macrophages,
and dendritic cells are present [19, 22]. Numerous studies
reported that there is an association between the periodonti-
tis and RA [23-26]. While some authors have explained this
association through the higher titres of serum rheumatoid
factor [25, 27] or increased cytokines levels that are believed
to play a crucial part in causing periodontal breakdown [25],
others suggested that the activity of some periodontal patho-
gens, such as Porphyromonas gingivalis, is the cause of the
association [28, 29]. According to the authors, P. gingivalis
is able to induce protein citrullination by releasing a spe-
cific deaminase, which might result in the stimulation of
anti-citrullinated protein antibodies formation in RA patients
[26, 30, 31].

Numerous pro-inflammatory cytokines such as; inter-
leukin (IL)-1, IL-6, IL-12, IL-17, tumour necrosis factor
a, RANK, and RANK ligand are associated with elevated
serum levels and have a proven role in the pathology of RA
[32, 33]. These cytokines are also involved in the pathogen-
esis of AP, where they play a pro-inflammatory role and
induce bone resorption [34-36].

Several studies evaluated the possible association
between RA and periapical pathology. Though there is some
dissonance within the reported literature with some studies
reporting an association between RA and periapical pathol-
ogy [14, 37], and others refuting this [38]. A systematic
review evaluated the possible association between periapical
pathology and autoimmune disease, such as type I diabetes
mellitus, inflammatory bowel disease, and RA, and reported
an association between AP and autoimmune diseases [39].
However, different autoimmune diseases are characterised
by different pathogenesis. Moreover, some studies reported
no association between RA and diabetes [40, 41]. This is
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an indication that autoimmune diseases should be evaluated
separately.

Currently, there is no systematic review that correlates
the possible association between RA and PPP. Therefore,
the aim of the present study was to perform a systematic
review of the prevalence of PPP in RA patients compared
to healthy subjects.

Research question

Does the presence or absence of RA affect the prevalence of
PPP in adult patients?

Materials and methods
Protocol guidelines followed

The present systematic review followed the guideline of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA 2020) [42]. The systematic review
protocol has also been registered in the prospective register
of systematic reviews (PROSPEROQO) (CRD42022384369).

Review question and objective

This review aimed to assess the possible associations
between RA and PPP. The research question of the present
systematic review was formulated based on the Population
Intervention Control Outcome (PICO) strategy:

Participants: Adult patients;

Interventions: Assessment of periapical health in patients
with RA;

Comparator: Assessment of periapical health in patients
without RA;

Outcome: Prevalence of PPP.

Outcome measures

The primary outcome measure for the present study was to
establish the prevalence of PPP in patients with RA.

Inclusion and exclusion criteria
Inclusion criteria.

English language studies

The period between 1950 — December 2022

Studies including human participants only

Studies including the prevalence of PPP both in patients
with RA and in healthy control subjects.
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Cohort studies
Cross-sectional studies
Clinical trials
Case—control studies

Exclusion criteria.

e Non-English language studies
e Animal studies

Search strategy

The following keywords were used in conjunction with the
Boolean Operator “OR”: "apical periodontitis" "periapical
disease" "periradicular disease" "periapical pathology" "pul-
pal pathology" "apical abscess" "periapical lesion" "peri-
apical abscess" “root canal treatment” “endodontic*” and
were searched for with the key-term "rheumatoid arthritis".
((CC(((((("apical periodontitis") OR ("periapical disease"))

Fig. 1 PRISMA diagram of
search process

OR ("periradicular disease")) OR ("periapical pathology"))
OR ("pulpal pathology")) OR ("apical abscess")) OR ("peri-
apical lesion")) OR ("periapical abscess")) OR ("root canal
treatment")) OR ("endodontic*")) AND ("rheumatoid
arthritis").

The search was performed in different databases includ-
ing PubMed, Web of Science, and The Cochrane Library
with by 2 different reviewers screening titles and abstracts
of the studies. The selected studies were checked for pos-
sible duplication and the studies meeting the criteria were
evaluated via full text screening. The study search process is
shown in Prisma 2020 flow diagram [43] (Fig. 1).

Data extraction and data management
Prior to completing the data extraction, a pilot data extrac-
tion form was developed two reviewers independently

extracted data on a random sample of returned articles and
a kappa coefficient was determined to ensure inter-relater

Identification of studies via databases and registers

)
Records removed before
5 Records identified from™*: screening:
= Pubmed (n = 56) Duplicate records removed
o Web of Science (n = 83) (n=20)
= Cochrane (n = 3) Records marked as ineligible
S Total (n =142) by automation tools (n =0)
= Registers (n =0) Records removed for other
reasons (n =0)
—
v
)
Records screened Records excluded**
—>
(n=122) (n=114)
v
Reports sought for retrieval Reports not retrieved
2l (n=0) ' (n=0)
=
[
Q
Q
(2]
Reports assessed for eligibility
(n=8) — | Reports excluded:
Studies were not evaluating
the association between the
RA and PP (n = 3)
—
\ 4

(n=5)

Studies included in review

RA: Rheumatoid Arthritis

PP: Pulpal-periapical Pathology
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reliability. Once satisfied with the form and extraction pro-
cess full data extraction was undertaken. The following
information were extracted and analyzed by the reviewers,
author, journal, year, design of the study, sample size and
groups, diagnostic criteria for periapical pathology, associa-
tion between RA and periapical pathology, results of inter-
est, and the evidence level.

Risk of bias

Risk of bias was assessed independently by two reviewers
(E.K and A.K) using Newcastle—Ottawa Quality Assess-
ment Scale (an adapted version for cross-sectional studies)
[44]. The original Newcastle—Ottawa Scale was also used for
the assessment of the cohort and case—control studies. Any
disagreements between the two reviewers was resolved by
consulting with a third author [ZY].

Data synthesis

A quantitative synthesis was not possible due to the exten-
sive heterogeneity observed through statistical testing as
demonstrated by the Chi-square (46.21) and P (91%) tests
across the included studies. Thus, a narrative synthesis was
performed to combine the findings of the included studies.

Results
Search process

The electronic databases search resulted in a total of 142
records. Of these, 83 were found in Web of Science, 56 in
PubMed, and 3 in The Cochrane Library databases. After
the removal of duplicate records, a total of 122 records
remained, out of 114 were excluded after title and abstract
screening for failure to meet the inclusion criteria. Full-text
evaluation was conducted on the remaining 8 articles, of
which 5 records satisfied the eligibility criteria and were
included in the systematic review.

Three of the included 5 studies were cross-sectional in
nature and remaining 2 studies were cohort studies. The
Cohen’s kappa coefficient was 0.919 for the inclusion of
eligible articles and 1.0 for the data extraction process.

Risk of bias assessment

The risk of bias assessment scales can be seen in Tables 1
and 2. None of the studies were deemed to be of poor qual-
ity. Two studies were classified as fair quality [37, 45] a
further 2 of them were classified as good quality [38, 46].
Only one included study was considered very good quality
[14] (Table 3).

@ Springer

Population

A total of 1,728,713 patients were examined in the 5
included studies [14, 37, 38, 45, 46]. Of these, 1,717,751
were control patients and the other 10,387 were the RA
patients. All the studies reported the mean age and male/
female ratio of the patients except 1 study which did not
report the mean age of the included patients [45].

Association between RA and PPP

In one study the number of patients with both RA and AP
was unclear, thus corresponding authors were contacted
[37]. Following correspondence, it was reported that in the
study conducted by Ideo et al. [37] there were 18 patients
with AP in a total of 24 RA patients. Table 3 shows the
characteristics and the results of the included studies. Out
of the 5 studies, 3 reported significant association between
RA and PPP [14, 37, 45]. Two of these 3 studies reported
association between the RA and AP, the third demonstrated
an association between the RA and periapical abscess. The
remaining studies reported statistically insignificant asso-
ciation between RA and PPP [38, 46]. Overall, the studies
reported a prevalence of AP between 1.53 and 75% in the
RA group.

Discussion

It has been reported that the cytokine profiles including
interleukin (IL)-1, IL-6, IL-12, IL-17, tumour necrosis fac-
tor a, RANK, and RANK ligand in the pathology of RA and
AP are similar [32-36]. Additionally, detection of both the
IgG rheumatoid factor and the free rheumatoid factor in peri-
apical lesions of patients with RA might demonstrate certain
features of rheumatoid-like inflammation occurs in periapi-
cal lesions [47, 48]. Moreover, it is accepted that progression
of an autoimmune disease is significantly affected by the sys-
temic inflammatory condition [49]. AP has been associated
with increased systemic inflammation [9], which may also
support the biological plausibility for such an association.
For these reasons, the present systematic review focused on
any associations between RA and PPP.

Previously, a systematic review conducted by Guerrero-
Gironés et al. [39] evaluated the association between auto-
immune diseases and AP, and suggested that there could be
an association between autoimmune diseases and AP. They
included studies that evaluated the possible association
between AP and autoimmune diseases including inflamma-
tory bowel disease, diabetes mellitus, and rheumatoid arthri-
tis. This assertion supported the need for further work in the
field to determine where such associations may exist and to
explore the strength of associations.
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There are > 80 types of autoimmune diseases [50].
Autoimmune diseases are characterised by a breakdown in
immune regulation that makes the immune system “auto-
aggressive” and fails to distinguish self from non-self [50,
51]. However, different autoimmune diseases have different
pathogeneses and nuanced complexities. Therefore, the theo-
retical and biological plausibility for each specific condition
needs to be considered regarding potential associations with
AP. To the authors’ knowledge this is the first systematic
review aimed to correlate the possible association between
RA and PPP.

The studies undertaken to assess whether PPP was
linked to RA had contrasting outcomes. Jalali et al. [38]
conducted a cross-sectional study and found that the associa-
tion between RA and periapical rarefying osteitis was insig-
nificant. This was corroborated by another study [46] that
reported an insignificant association between RA and AP.
The cohort consisted of 47,681 participants and the quality
of the study was good according to the current risk of bias
assessment. In contrast, a cross-sectional study here the risk
of bias assessment showed it was a good quality study [14]
reported that there was a significant association between RA
and AP. Similarly, a significant association between RA and
AP was identified in further research [37]. Additionally, Rot-
stein and Katz [45] conducted a cross-sectional study with
more population consisting of 1,679,976 participants which
reported that the prevalence of periapical abscesses was sig-
nificantly higher in patients with RA than in the control.
Differences in the study type and sample size may be the
cause of disagreement among the studies. Additionally, these
disagreement among the included studies may be attributed
to methodological differences in particular the diagnosis
of AP. Accurate diagnosis of AP requires both clinical and
radiographic examinations [5]. However, in the study con-
ducted by Jalali et al. [38] the diagnosis of AP was made
based solely on radiographic examination. It is accepted that
radiographic examination alone may not be sufficient for
accurate diagnosis of AP [52] as periapical lesions confined
to cancellous bone cannot always be accurately detected
radiographically. Cortical bone involvement facilitates more
accurate diagnosis [53, 54]. Participant characteristics are a
further potential source of dissonance amongst the included
studies. In the study conducted by Rotstein and Katz [45],
the control group consisted of hospital patient population.
This will likely include participants with systemic diseases
including those that have also been associated with AP, and
thus result in a degree of confounding.

The studies included in the present systematic review,
were evaluating the association between RA with endodontic
conditions. Different endodontic diseases display different
pathological, radiographic and clinical characteristics [55].
Given that there was variation in the particular endodontic
condition considered within the studies, this may further
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account for some of the variation in results. Jalali et al.
[38] investigated the possible association between RA and
periapical rarefying osteitis, Rotstein and Katz [45] inves-
tigated the association between RA and periapical abscess.
The remaining 3 included studies [14, 37, 46] evaluated the
possible association between RA and AP. Since the present
systematic review aimed to investigate possible associa-
tion between RA and endodontic disease, the main inclu-
sion criterion of the present work was the studies evaluating
PPP. Thanks to this inclusion criterion, endodontic disease
with different clinical and radiographic characteristics were
included in the present systematic review.

It should be taken into account that the number of studies
included in the present systematic review are limited. Cur-
rently, prospective clinical trials on this topic do not exist
and the majority of the included studies are observational
in which validity issues, confounding, and bias are common
[56]. Additionally, cohort studies do not have the highest
evidence level to provide casual association [57]. There-
fore, prospective parallel-group studies of RA patients and
healthy patients, investigating prospectively the incidence of
new PPP would provide more evidence for potential associa-
tions between RA and PPP.

Conclusion

On the basis of the existing evidence an association between
RA and PPP is possible. However, it is hard to draw firm
conclusions based on the number, quality, and heterogene-
ity of the studies included to the present systematic review.
Thus, further high-quality primary research evaluating the
possible association between RA and PPP are needed.
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