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Abstract

Purpose of Review This review describes the recent findings
from epidemiological studies on endodontic infections. The
recent literature was screened for studies on the prevalence
of primary apical periodontitis and posttreatment apical peri-
odontitis in various populations.

Recent Findings Twenty-nine articles reporting data on the
prevalence of primary or posttreatment apical periodontitis
from all over the world were included. The prevalence of
apical periodontitis varied between 7 and 86%, while that of
posttreatment apical periodontitis varied between 10 and 62%.
The quality of the coronal restoration and the root filling ap-
pears to be the major predictors of apical periodontitis.
Summary The recent findings from epidemiological studies
on the prevalence of primary and posttreatment apical peri-
odontitis in various populations are not substantially different
from those from earlier years. It appears that the health of
periapical tissues has not majorly improved in the general
population.

Keywords Endodontic infections - Epidemiology - Primary
apical periodontitis - Posttreatment apical periodontitis -
Prevalence
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Introduction
Definition of Endodontic Infections

The root canal system is, in its healthy and intact state, free
from infection. Unlike the oral cavity, the root canal system
has no commensal microbiota, and any microorganism detect-
ed here can be regarded as a potential pathogen. Once micro-
organisms find their way into the root canal system, the con-
sequences may vary from a simple reversible pulpitis to the
necrosis of the pulpal tissue and eventually formation of a
periapical lesion: apical periodontitis. Pulpal necrosis on its
own, when no microorganisms are involved, does not neces-
sarily lead to apical periodontitis [1]. Nevertheless, a necrotic
pulp, following for example a mechanical or thermal trauma,
can hardly maintain its ‘sterile’ status due to the lack of blood
circulation and defense mechanisms that could eliminate in-
truding microorganisms. An infected root canal system is a
prerequisite for the formation of apical periodontitis [2].
Apical periodontitis is an inflammatory response of the
periapical periodontal tissues to the infected root canal system.
A bony lesion is formed as calcified periapical tissues erode,
caused by the toxic irritation deriving from the infected root
canal and the immune response of the host.

The microorganisms identified within endodontic infec-
tions are a selection from the commensal microbiota of the
oral cavity. The ecological conditions select for a certain mi-
crobiota. In a healthy oral ecosystem, microbiota live in ho-
meostasis with the host. When the conditions change, for ex-
ample by a diet rich in carbohydrates, certain microorganisms
can dominate and cause disease. Dental decay may create
access to a new niche: the root canal system. Since the eco-
logical conditions are different from the oral cavity, microor-
ganisms will be selected and establish a new microbial com-
munity. Although advancing analytical techniques have
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uncovered an immense diversity and variance of the microbi-
ota within infections, a pattern according to the disease activ-
ity can be drawn: symptomatic versus asymptomatic [3]. The
microorganisms that contribute the most to endodontic infec-
tions are bacteria, both in biomass and diversity [4]. Although
Lactobacillus, Actinomyces, and Streptococcus are among the
most abundant genera detected in root canals associated with
apical periodontitis [5], regarding the aseptic nature of the root
canal system in its healthy and intact state, any bacteria pres-
ent can be regarded as an endodontic pathogen. Still, fungi [4],
viruses [6], and archaea [7] can be detected within root canal
infections and periapical lesions. Despite their low numbers,
they might contribute significantly to the composition and
virulence of the overall microbiota and to the host response.
Such influence could lead to persistence and symptomology
of the apical periodontitis.

Possible Effect on Epidemiological Studies
of the Diagnosis of Apical Periodontitis and the Definition
of Its Severity

Symptomatic apical periodontitis is characterized by the in-
flammation of the periapical tissues, generating clinical symp-
toms including a painful response to biting or percussion or
tenderness with palpation. Depending on the phase of the
disease, radiographic changes may or may not be detectable
[1]. Asymptomatic apical periodontitis can, however, be sole-
ly diagnosed by the presence of radiographic changes, namely
a periapical radiolucency created by the bony lesion on the
radiograph.

The most commonly used radiographic detection methods
for a periapical lesion are conventional or digital periapical
radiography, panoramic radiography or, most recently, cone-
beam computed tomography (CBCT). Various degrees of di-
agnostic accuracy for each one of the abovementioned
methods have been reported. In the premolar and mandibular
molar regions, significantly more periapical lesions can be
detected on conventional periapical radiographs than on pan-
oramic radiographs [8].

Due to its three-dimensional nature, the CBCT stands out
from the rest [9, 10]. The diagnostic accuracy of CBCT in
detecting apical periodontitis is significantly higher compared
to digital periapical radiography [10] or panoramic radiogra-
phy [11]. The possibility of false-negative diagnosis is, there-
fore, much higher when conventional two-dimensional radi-
ography is used. This may pose a challenge for the diagnosis
of the disease, which subsequently may have an impact on the
findings of the studies on its prevalence leading to an under-
estimation. CBCT, on the other hand, has its own limitations
with regard to epidemiological studies. Concerning the rela-
tively high effective dose for CBCT and the as low as reason-
ably achievable (ALARA) principle, when a CBCT scan is
made to diagnose apical periodontitis, it is recommended to

use limited volume CBCT, in which the field of view (FOV) is
limited to a volume smaller than the jaws and suitable for
imaging only a few teeth [12]. This may negatively impact
studies on the prevalence of apical periodontitis. When a small
FOV is used, only a limited part of the dentition is evaluated,
and the information about the prevalence of the disease in the
rest of the dentition remains censored. From an epidemiolog-
ical point of view, data collection only on the tooth level,
instead of on a subject level, seems less relevant.

Not only the detection of periapical disease is challenging
but also the definition of its severity. There seems to be little
consensus on the degree of bone destruction at which a bony
lesion can be defined as apical periodontitis. Several indexing
methods have been introduced for the assessment of the se-
verity of apical periodontitis, each with its limitations. The
most commonly used method is the periapical index (PAI)
[13], and it is reported to have excellent observer agreement
[14]. The PAI scoring system aims to assess the severity of
apical periodontitis on dental radiographs with the use of a 5-
score scale, where score 1 represents healthy periodontium
and scores 2 to 5, respectively, represent periapical disease
increasing in severity [13]. This scoring system, however, is
not based on direct histopathological examination, but on a
simplified modification of the radiographic method of inter-
pretation based on the histopathological examination executed
by Brynolf [15]. Since Brynolf used only upper incisors in her
study [15], the reliability of the PAI system in premolar or
molar regions is unclear.

Another limitation of the PAI system and any other scoring
system based on conventional or digital radiographs is related
to the two-dimensional nature of these radiographs. While it
is, to a certain extent, possible to measure the diameter of the
lesion in the mesial-distal direction on a two-dimensional ra-
diograph, its diameter in the buccal-lingual direction remains
unmeasurable. The surrounding anatomical structures and the
thickness of the bone can further obscure the lesion on the
radiograph. This is an even greater problem for multirooted
teeth.

There is no clear consensus on the description of apical
periodontitis in epidemiological studies using the PAI system
screened in this review. While some studies accepted only a
PAI score of 1 as healthy apical periodontium [16, 17], many
others included a PAI score of 2 in the healthy category as well
[18-30, 31¢] or even a PAI score of 3 [32].

The Incidence and Prevalence of Apical Periodontitis

Unfortunately, studies into new diagnoses of endodontic in-
fections per time period, the incidence, are not feasible, since
the detection of the onset of the periapical disease is nearly
impossible. The time needed for apical periodontitis to be-
come visible on the radiograph is relatively long and depends
on several factors. A substantial amount of trabecular bone
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mineral loss or the erosion of the cortical bone is needed for
the lesion to become radiographically visible [33]. Therefore,
most studies on the epidemiology of endodontic infections
focus on their prevalence, where the proportion of a popula-
tion with apical periodontitis is estimated based on examina-
tion of a sample of the population of interest.

Recent Findings on the Prevalence of Apical Periodontitis

This review identified relevant studies using a search of the
MEDLINE electronic database via PubMed and from the ref-
erence list of relevant articles. The search strategy, limited to a
period from January 2014 to May 2017, identified the terms
‘apical periodontitis’ and ‘epidemiology’ or ‘prevalence’ and
generated 103 hits. Only 51 of these titles were actually related
to the search terms. After screening these abstracts, 45 rele-
vant articles were selected for full-text reading. Twenty-nine
articles reporting cross-sectional data of epidemiological stud-
ies met the inclusion criteria (Table 1). Studies using tooth as
the unit of estimation were included only if the data were
applicable to subject level or the general population.
Outcome studies were excluded, since these only assess the
targeted root-filled teeth. Review articles where the
abovementioned criteria were not met or if it was not possible
to extract this information were excluded as well. The current
review defines teeth associated with apical periodontitis and
without a root filling as teeth with primary apical periodontitis,
and root-filled teeth associated with apical periodontitis as
teeth with posttreatment apical periodontitis. Since not every
study reported data on the prevalence of primary or posttreat-
ment apical periodontitis separately, in the following part of
the text, the term ‘apical periodontitis’ refers to a total of
primary and posttreatment apical periodontitis.

Based on the included articles, the lowest prevalence of
apical periodontitis on a patient level, meaning one or more
periapical lesions per patient, was 7% in an otherwise healthy
Spanish population [43], and the highest was 86% in a
Croatian population of smokers [25] with a median of
52.5%. The corresponding percentages for the prevalence of
primary apical periodontitis, respectively, were 10% in a
Finnish population [46] and 53% in a Spanish population
[23] with a median of 20.5%. The lowest prevalence of root-
filled teeth on a patient level was 20% in an Australian popu-
lation [31¢], and the highest was 82% in a Croatian population
of smokers [25] with a median of 61%. The lowest prevalence
of posttreatment apical periodontitis on a patient level was
10% in a Spanish population [23] and 62% in a Croatian
population [25] with a median of 39%.

The prevalence rates on tooth level were lower for each
condition. The prevalence of apical periodontitis ranged from
2% in a Finnish population [32] to 14% in a Nigerian popu-
lation [18]. The median was 6% on a total of 304,721 teeth,
which compares well to the 5% found in a previous systematic
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review and meta-analysis [49¢¢]. This review was on studies
from 1987 till 2009 on a total 0f 300,861 teeth. The prevalence
of primary apical periodontitis ranged from 1% in Finnish
[32], French [41¢], Swedish [34], and Australian [31¢] popu-
lations to 13% in a Jordanian population of diabetics [26]. The
median was 3.5%, which is similar to the 2% from the previ-
ously mentioned meta-analysis [49+]. The slightly lower rate
might be caused by a more systematic inclusion and also in-
clusion of studies from mainly well-developed countries. The
prevalence of root-filled teeth ranged from 2% in an
Australian population [31¢] to 18% in a French population
[41]. The median was 6%, which is in the same range as
the 10% from the previously mentioned meta-analysis
[49e¢]. The lower prevalence of root-filled teeth in the more
recently published studies (published from 2014) might indi-
cate a limited access to oral healthcare, which is likely when
studies are done in less-developed countries [30]. The preva-
lence of posttreatment apical periodontitis ranged from 20% in
an otherwise healthy Jordanian population [26] to 65% in a
Brazilian population [22]. The median was 41%, which is
similar to the 36% found in the previously mentioned meta-
analysis [49¢¢]. Overall, the prevalence rates seem similar to
rates in not so recent studies (published prior to 2014), even
though more recent studies (published from 2014) are done on
samples from less-developed countries or individuals with
access to newer treatment techniques.

Gender

The effect of gender on apical periodontitis remains ambigu-
ous. Studies on Swedish [20], Nigerian [19], Danish [44], or
Belgian [48] populations reported no significant difference in
the prevalence of apical periodontitis between men and wom-
en. However, a significantly higher prevalence of apical peri-
odontitis in men than in women was revealed in Turkish [38],
Finnish [46], or Austrian [28] populations, while in Scottish
[36], Jordanian [47], or Saudi Arabian [45] populations, the
prevalence of apical periodontitis was higher in women than
in men. It is quite challenging to explain the difference be-
tween the outcome of these studies. Research suggests that
women perceive more pain [50] and are more likely to seek
treatment for orofacial pain [51], possibly at an earlier, more
treatable stage of the disease. Also, cultural characteristics of a
population may affect the frequency a man or a woman seeks
dental care. Since the results are ambiguous, the effect of
gender on apical periodontitis remains unresolved.

Quality of the Root Filling or the Coronal Restoration

Both the quality of the coronal restoration and the quality
(length or the density) of the root filling are reported to be
major predictors of posttreatment apical periodontitis. There
is a negative correlation between the quality of the coronal
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restoration and the prevalence of posttreatment apical peri-
odontitis [16, 17, 20, 28, 30, 40]. Similarly, when the root
canal is filled too short of the root apex, the root filling is
extruded into the periapex, or the root filling contains voids,
the prevalence of posttreatment apical periodontitis increases
[16, 17,20-22, 24, 28, 30, 37, 40, 48].

Systemic Conditions

An increasing number of studies are conducted to reveal a
possible bidirectional association between the apical peri-
odontitis and the systemic health. This means that a systemic
condition can be aggravated by apical periodontitis and, vice
versa, that systemically affected individuals are more prone to
apical periodontitis. Thus far, limited studies are available on
the effect of systemic disease on endodontic outcome [52ee,
53-55]. Besides, the evidence is of limited quality and indef-
inite, which demands that the found associations are to be
interpreted with caution [52¢¢]. In order to detect indisputable
bidirectional associations between oral disease and the sys-
temic conditions, there is an urgent need for the application
of stringent criteria on research reporting [56].

Individuals with uncontrolled diabetes mellitus are report-
ed to have significantly more periapical lesions in comparison
to controls with well-controlled diabetes mellitus (23 vs. 49%
[23], 9 vs. 18% [26]). Also, individuals with diabetes mellitus
are 1.4 times more likely to have root-filled teeth with apical
periodontitis than healthy controls [53]. Apical periodontitis
might decrease glycemic control, aggravating diabetes. In
turn, diabetes might limit the host’s inflammatory response
to combat the endodontic infection. In women suffering from
postmenopausal osteoporosis, low bone density is reported to
be associated with a higher prevalence of apical periodontitis
[43]. An association between the prevalence of apical peri-
odontitis and coronary artery disease is reported, where the
inflammatory burden of the endodontic infection might be
contributing to the systemic condition [29, 32]. Individuals
with liver cirrhosis and periapical lesions also had higher C-
reactive protein levels and a higher prevalence of cirrhosis-
related complications such as ascites, hepatic encephalopathy,
and variceal bleeding [44]. Women suffering from inflamma-
tory bowel disease are reported to have more teeth with apical
periodontitis and with more severe bone destruction. The
prevalence of apical periodontitis was even higher when these
women were treated with immunomodulators [47]. Regarding
the prevalence of apical periodontitis, there was no significant
difference between individuals with rheumatoid arthritis [27]
and their healthy counterparts.

Smoking

Smoking is reported to be one of the strongest predictors of
apical periodontitis in a Danish [44] and in a Nigerian

population [19]. A Croatian population of smokers had two
times more apical periodontitis than the never-smokers did
[25]. Smoking might negatively affect the periodontal bone
and is associated with dental caries, one of the main causes of
apical periodontitis.

Age

Several studies described age as a predictor for apical peri-
odontitis [19, 44]. The findings of a systematic review and
meta-analysis of cross-sectional studies on the prevalence of
apical periodontitis and root-filled teeth in persons 65 years of
age or older conducted in 2016 do not deviate substantially
from the findings of the studies included in this review [57¢¢].
That review confirmed that the prevalence of both apical peri-
odontitis and root-filled teeth increases with age. With aging,
not only the comorbidity increases but also the immune sys-
tem deteriorates. Additionally, oral disease experience in the
elderly is higher than younger adults [58]. This might be an
important confounder when considering age as a predictor for
apical periodontitis.

Conclusions

Although there seems to be an increase in recent years in
studies from less-developed countries and newer detection
techniques for periapical disease, such as CBCT, are intro-
duced, the findings from epidemiological studies on the prev-
alence of primary and posttreatment apical periodontitis in
various populations are not substantially different from those
from earlier years. It appears that the health of periapical tis-
sues has not majorly improved in the general population, de-
spite technological progress of endodontic treatment and in-
creasing access to healthcare worldwide.

Of all the studied possible predictors, the quality of the
coronal restoration and the root filling are the most consistent-
ly reported risk factors for apical periodontitis. To identify all
possible risk factors efficiently, the design and reporting of
epidemiological studies on apical periodontitis should be stan-
dardized and improved.
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