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ABSTRACT
Objective: To develop and assess a set of criteria to grade inflammation including relative area of
inflammation in periapical lesions in endodontically treated teeth.
Material and methods: A set of criteria was developed, encompassing data on: Lymphocytes, denot-
ing chronic inflammation, were graded 0 (occasional) to 4 (heavy/dense inflammation).
Polymorphonuclear cells, denoting acute inflammation, were graded 0 (none) to 2 (many). The third
parameter, area of inflammation, that is, the relative area of the specimen that was inflamed, was
graded 0 (none) to 4 (76–100%). The criteria were tested on 199 consecutive biopsies from 180
patients (aged 31–75 years). Information about symptoms was retrieved from the referrals.
Mann–Whitney’s U-test was used to calculate possible differences in average values for the histopatho-
logical variables in the two groups of patients: symptomatic or asymptomatic.
Results: Using the criteria, varying grades of inflammation were seen in the biopsies. The majority
showed few or no PMN cells. There was a correlation between symptoms and the extent of infiltration
of lymphocytes and plasma cells (p¼ .001), PMN cells (p< .001) and the area of inflammation
(p¼ .002): biopsies from the asymptomatic patients exhibited less pronounced and relatively smaller
areas of inflammation.
Conclusions: Using the criteria on a specific selection of root-filled teeth with persisting apical peri-
odontitis, periapical inflammation was common, but varied in extent and severity. The inflammation
was less pronounced and affected a relatively smaller area in asymptomatic teeth, although outliers in
both directions were identified.
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Introduction

Apical periodontitis results from spread of infection from the
root canal system, with progressive inflammation and
changes to the periapical bone [1–3]. The result is bone
resorption, which appears as a radiolucent area on periapical
radiographs. Root canal treatment is undertaken in order to
eliminate infected tissues from the root canal. Periapical heal-
ing usually occurs with osseous regeneration, characterized
by a reduction in size of the radiolucency, observed on fol-
low-up radiographs [4–8].

In periapical radiographic evaluation of the outcome of
endodontic treatment, the persistence or development of peri-
apical radiolucency, even in asymptomatic teeth, is often
denoted as a therapeutic failure. According to the guidelines
of the European Society of Endodontology [9] and the classical
follow-up evaluation system by Strindberg [4], apical periodon-
titis should have healed within four years of endodontic treat-
ment; any other outcome could be viewed as persistence of
the original disease. Nevertheless, population based cross-sec-
tional studies show a high frequency of apical periodontitis
associated with root-filled teeth, ranging from 14 to 72% [10].

Several histopathological studies have shown that apical
periodontitis is the most prevalent type of periapical lesions
of endodontic origin [8,11,12], manifesting as granulation tis-
sue surrounded by fibrous connective tissue. The histological
patterns vary with respect to the number of different cell
types and their products, including lymphocytes, neutrophils,
plasma cells, endothelial cells and fibroblasts. Typically, lym-
phocytes and neutrophils are in varying extent present in
the lesion, representing chronic and acute inflammation
[8,13]. However, a few reports showed that the healing after
conventional root canal treatment may also result in forma-
tion of fibrous tissue composed dense collagen fibres, few
cells and little or no inflammation, which may be regarded
as scar tissue [8]. This fibrous tissue will present as a radio-
lucency in follow-up radiographs and mimic an ongoing
inflammation/infection, i.e. apical periodontitis or a radicular
cyst [12]. Earlier studies have shown an association between
inflammation and periapical radiolucency on radiographs,
but little is actually known about the extent and degree of
inflammation observed in biopsies from periapical tissue [14].

The high prevalence of periapical lesions in endodontically
treated teeth observed in cross-sectional studies indicates that
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guidelines are not strictly followed [14–17]. Arguments in favor
of treatment are that persisting chronic inflammation may
exacerbate and cause pain and, in the worst case, may develop
into a local abscess with potential for life-threatening spread to
adjacent parts of the body [18]. However, such treatment causes
patient discomfort, considerable chairside time and added costs
and the procedure itself could damage both the tooth and cov-
ering restorations and jeopardize the prognosis. The health-eco-
nomic implications for society should also be taken into account.
As persistent periapical lesions in endodontically treated teeth
are not uncommon, there is a need for more detailed investiga-
tion of these lesions, to determine the characteristics and sever-
ity of the inflammation. A deeper understanding of the
histopathology should aid formulation of a set of criteria to sup-
port clinical decisions about management of the condition.

The aim of the study was to develop and assess a set of
histological criteria for grading inflammation in periapical
lesions in endodontically treated teeth, including the relative
area of inflammation.

Materials and methods

Set of criteria

In order to grade inflammation, a schedule consisting of three
parameters was created: Lymphocytes, denoting chronic

inflammation, were graded 0 (occasional) to 4 (heavy/dense
inflammation). Polymorphonuclear cells, denoting acute inflam-
mation, were graded 0 (none) to 2 (many). The third param-
eter, area of inflammation, that is, the relative area of the
specimen that was inflamed, was graded 0 (none) to 4
(76–100%). This could also be described as the proportion of
the specimen; if only scattered inflammatory cells (of either
sort) were detected, then the area of inflammation was graded
0 (none). In other words, even though a small number of lym-
phocytes were noted, their relative area of the biopsy could be
very small, less than 1%. On the other hand, if all or nearly all
(76–100%) of the specimen was infiltrated by inflammatory
cells then the area of inflammation was graded 4 (Table 1).

In order to test the developed criteria, biopsies of periapi-
cal lesions in endodontically treated teeth were examined
histologically applying the criteria and thus determining the
degree and extent of inflammation. These findings were cor-
related with available clinical information regarding symp-
toms. Thus two sets of variables were collected: histological
and clinical.

Test of criteria

The material was specifically chosen, comprising 233 biop-
sies from 205 patients sent between 1988 and 1993 to the

Table 1. Schedule of the assessment criteria used for the histopathological investigation.

Extent of infiltration of lymphocytes and plasma cells
Extent of infiltration of

PMN cells
Area of inflammation

in the biopsy

0 Occasional possible lymphocyte 0 None 0 None
1 Discrete foci of lymphocytes 1 Few /some 1 1–25%
2 Discrete diffuse infiltration of lymphocytes and plasma cells 2 Many 2 26–50%
3 Larger and fairly dense accumulations of lymphocytes and plasma cells 3 51–75%
4 Heavy/dense general inflammation 4 76–100%

Figure 1. Biopsies showing example of application of the schedule of assessment criteria in the histopathological investigation (Table 1). (A) Infiltration of lympho-
cytes and plasma cells, with a higher magnification in (B), was denoted as heavy/dense general inflammation (4) and heavy infiltration of PMN cells (2). (C) Fibrous
tissue with no area of inflammation (0) with a higher magnification in (D), which presents tightly packed collagen and scattered fibroblasts: only occasional
possible lymphocytes (0) and no PMN cells (0). Star denotes fibrous tissue and arrows denote fibroblasts.
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Department of Oral Pathology, Malm€o University, Sweden,
by one oral surgeon. The biopsies were differentially diag-
nosed as apical periodontitis or scar tissue, codes 522,6X
and 998, respectively, according to the International
Classification of Diseases, Ninth Revision (ICD-9). Biopsies
differentially diagnosed as periapical cysts were not
included. The most central part of the biopsies were at the
time routinely processed, that is cut into 3 mm sections and
stained with haematoxylin and eosin and analyzed. They
have since been stored in biobank 497 at the Department
of Oral Pathology, Malm€o University. For this study, only
one section per tooth was analyzed, if more than one sec-
tion was available, a joint decision was made which one
to analyze.

Inclusion of

� Biopsies of periapical lesions from root-filled teeth, diag-
nosed as apical periodontitis or scar tissue.

Exclusion of

� Biopsies diagnosed as apical periodontitis from teeth
which had not been root-filled.

� Biopsies re-diagnosed as radicular cysts.
The samples were analysed independently by two calibrated,
blinded observers, using a Nikon eclipse 80i light microscope
(LRI microscope, Lund, Sweden). The observers did not have
access to any clinical information from the referrals. Inter-
and intra-rater reliabilities were calculated. In case of dis-
agreement, the observers discussed the cases until they
reached consensus. In biopsies with more than one histo-
logical appearance, the most severe state of inflammation
was registered (Figure 1).

Clinical variables

The following variables from the coded referrals were regis-
tered, as reported by the oral surgeon:
� symptoms from the tooth, described as discomfort, pain,

swelling or a fistula or intake of antibiotics
� age and sex of the patient
� upper or lower jaw
� interval between root canal treatment and periapi-

cal surgery
� progressive increase in lesion size since the root

canal filling.

Statistical method

Mann–Whitney’s U-test was used to analyze possible differ-
ences in average values for the following histopathological
variables: infiltration of lymphocytes, infiltration of PMN-cells
and area of inflammation in the biopsy, in relation to symp-
toms, the clinical variable.

The results were analyzed using IBM Statistical Packages
of Social Sciences version 22 (SPSS Inc., Chicago, IL, USA).
The level of significance was set at 5% (p� .05).

Ethical issues

The ethical application was approved (Dnr 2014/226) by the
Regional Ethical Board at Lund University, Sweden.

Results

The developed criteria were assessed on a sample consisting
of 233 biopsies obtained from 205 patients. After applying
inclusion and exclusion criteria, the final sample comprised
199 biopsies from 180 patients.

Characteristics of the 180 patients

A summary of the characteristics of the entire study material
is presented in Table 2. The age range was 31–75 years,
mean 53 years. The interval between root canal treatment
and periapical surgery varied from 2 months to 50 years,
mean 12 years. For 41 patients (20.6%) this information
was missing.

Reliability of the histopathological examination

If more than one biopsy per tooth was available, a joint decision
was made, based on the quality of the biopsies, as to which
histological section was to be included. The biopsy showing the
most severe inflammation was consistently selected.

One of the two observers undertook two separate analy-
ses, one month apart, achieving an intra-rater agreement of
87%. Inter-rater agreement, between the two observers, was
90%. In 19 cases, the observers discussed the biopsies until
they reached consensus.

Table 2. Characteristics of the complete material registered from the referrals:
the patient was classed as symptomatic when the referral noted discomfort,
pain, swelling, a fistula, or antibiotic administration.

Variable Frequency (n, %) Total (n)

Sex (individuals)
Women 99 (55 %)
Men 81 (45 %)

180
Jaw (teeth)
Mandible 45 (22.6 %)
Maxilla 154 (77.4 %)

199
Symptoms (teeth)
No 94 (47.2 %)
Yes 105 (52.8 %)

199
Time group (teeth)
Unknown 41 (20.6 %)
0–5 years 73 (36.7 %)
6–50 years 85 (42.7 %)

199

The ’Time group’ was based on the intervals in years between root canal
treatment and the apical surgery.
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Grading of inflammation in relation to symptoms

Lymphocytic infiltration varied according to whether or not
the patients had reported symptoms at the time of the
apical surgery (p¼ .001) (Figure 1, Table 3). Seventy percent
(73/105) of the biopsies from patients reporting symptoms
exhibited severe infiltration of lymphocytes (Grade 3). Larger
and denser accumulation of lymphocytes and plasma cells
(Grade 4) was more frequent in the symptomatic group,
while modest infiltration of cells (Grades 1 and 2) was more
frequent in the asymptomatic group (Table 3). PMN infiltra-
tion also differed according to whether or not the patients
had reported symptoms at the time of the apical surgery
(p< .0001) (Table 3). The relative area of inflammation was
larger in symptomatic than in asymptomatic patients
(p¼ .002) (Table 3).

Discussion

This study evaluated a set of criteria assessing the inflamma-
tion in biopsies of periapical lesions in endodontically treated
teeth. Some recent studies have investigated a possible cor-
relation between symptoms and histopathological diagnosis
of the periapical radiolucency [19,20]. In contrast to most
previously used criteria, the present criteria included assess-
ments of the severity and extent of the inflammation, which
could possibly be an indirect measure of the extent of scar
tissue in the overall evaluation. The two observers who
tested the grading system showed high inter-and intra-rater
reliability.

Most periapical lesions in endodontically treated teeth
should heal completely within 4 years of endodontic treat-
ment [4]. The sample to which the developed criteria were
applied comprised all 199 consecutive biopsies from one sur-
geon who seems to have adhered to the Strindberg criteria,
considering apical surgery on asymptomatic lesions persist-
ing more than 4 years. As it has been shown that many peri-
apical lesions in endodontically treated teeth are left
untreated [21], we considered it valuable to test the

developed criteria on this specific sample of periapical
lesions from endodontically treated teeth as it probably
reflects a very strict selection and possibly cases of what we
today would presumably consider overtreatment. In a pro-
spective study it would not be advisable to collect samples
from only one surgeon: data collected from multiple centres
would increase the generalizability of the study results [22].

The test of the criteria was applied to the most severe
inflammation in the biopsy and the inflamed area as a per-
centage of the total biopsy area. As this study was set up
primarily in order to develop criteria to be applied in a pro-
spective study, the results regarding the assessment of biop-
sies should be interpreted cautiously: there are major
limitations, such as lack of proper access to patient history
and symptoms. As the most inflamed area could be expected
to be found in the area of the apical foramina, the specimen
should ideally be longitudinally serially sectioned [23]. A
future study could also include staining for microorganisms,
as it would be of interest to study the location of these in
relation to clinical signs and symptoms [23].

When applying the set of criteria to this specific set of biop-
sies of apical periodontitis, the lesions exhibited varying
degrees of inflammation. The morphology of lymphocytes and
PMN-cells is easily distinguishable histologically and was
applied in this study to represent chronic and acute inflamma-
tory states, respectively [13]. The developed grading-system
disclosed that the level of lymphocyte and PMN-cell infiltration
differed considerably. The appearances of the biopsies ranged
from heavy/dense generalized inflammation with abundant
PMN-cells, to the occasional possible lymphocyte with no
PMN-cells. Even though the selected set of biopsies has its
shortcomings, the clinical parameters were significantly related
to the histological appearance: the biopsies from patients who
had reported symptoms exhibited a denser accumulation of
lymphocytes and PMN-cells than those from asymptomatic
patients. Irrespective of the type of inflammation, the area of
inflammation was relatively larger in the symptomatic group.
However, there were also outliers in both directions: that is,
biopsies from some patients reporting no symptoms showed

Table 3. Extent of infiltrations and area of inflammation in the biopsies in relation to any reported symptoms in the referrals.

Variable No symptoms (n, %) Symptoms (n, %) p-Value

Infiltration of lymphocytes (p ¼ .001)
Occasional possible lymphocytes (0) 10 (10.6%) 4 (3.8%)
Discrete foci of lymphocytes (1) 6 (6.4%) 9 (8.6%)
Discrete diffuse infiltration of lymphocytes and plasma cells (2) 32 (34.0%) 19 (18.1%)
Larger and fairly dense accumulations of lymphocytes and plasma cells (3) 36 (38.3%) 44 (41.9%)
Heavy dense inflammation (4) 10 (10.6%) 29 (27.6%)
Total 94 (100%) 105 (100%)

Infiltration of PMN cells (p < .0001)
None (0) 65 (69.1%) 45 (42.9%)
Few/some (1) 14 (14.9%) 19 (18.1%)
Many (2) 15 (16.0%) 41 (39.0%)
Total 94 (100%) 105 (100%)

Area of inflammation (p ¼ .002)
None (0) 48 (51.1%) 32 (30.5%)
1–25% (1) 14 (14.9%) 15 (14.3%)
26–50% (2) 16 (17.0%) 27 (25.7%)
51–75% (3) 13 (13.8%) 27 (25.7%)
76–100% (4) 3 (3.2%) 4 (3.8%)
Total 94 (100%) 105 (100%)

In biopsies with more than one histological appearance, the most severe state of inflammation was registered. The Mann–Whitney U-test was
used for comparisons.
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heavy inflammation and those from some patients with symp-
toms showed little or no inflammation.

Periapical lesions in endodontically treated teeth are of
interest to most clinicians and patients, as little is known about
this condition. Successful root canal treatment has convention-
ally been determined on radiographic evidence, the healed
apical tissues appearing as bone regeneration [4]. However, in
the clinical setting, radiographic signs of apical periodontitis in
asymptomatic root-filled teeth might be accepted by dental
practitioners [24,25]. This is highlighted by a survey in
Denmark in which retreatment was rarely cited as a reason for
root canal treatment [26]. In accordance with this finding, a
longitudinal epidemiological study disclosed that 42% of root-
filled teeth with apical periodontitis at base-line examination
remained untreated 20 years later [21].

It is important to gain more knowledge about the periapi-
cal lesions in endodontically treated teeth and a central
question is whether the asymptomatic periapical lesion in an
endodontically treated tooth is a threat to health. Sometimes
the condition exacerbates. However, little is known about
the incidence and severity of such events. In a study from a
university hospital in Singapore, a cohort of 127 patients
with 185 teeth with persistent periapical lesions in endodon-
tically treated teeth was studied retrospectively for 4–38
years [27]. After twenty years, there had been at least one
severe pain event in 6% of the lesions and less acute dis-
comfort or pain in 45%. The results of studies investigating a
possible association between apical periodontitis and cardio-
vascular disease are inconsistent [28–30]. In a cross-sectional
study from Finland it was concluded that apical periodontitis,
especially on non-root-filled teeth, is associated with coron-
ary artery disease [31]. This difference of root-filled and non-
root-filled teeth could be supported by the classical study by
Brynolf [32] in which less acute cell infiltration was seen in
root-filled compared to non-root-filled teeth.

It is sometimes argued that Cone Beam CT (CBCT) should
be used to assess the periapical tissues, as the technique
allows the detection of smaller apical lesions. In the present
study, the root-filled teeth with apical periodontitis were
assessed by conventional periapical radiographs. Biopsies from
many of the asymptomatic patients showed a very small rela-
tive area of inflammation, or none at all; thus it may be argued
that they were over-treated. Using CBCT would increase the
risk of overtreatment. In a Danish study, 42% of teeth which
underwent apical surgery, diagnosed with asymptomatic
apical periodontitis, had no periapical inflammation [33]. The
corresponding number in the present study was 51%. The
results highlight not only the scientific uncertainty about the
true nature of persistent apical radiolucency associated with
asymptomatic root-filled teeth, but also the need to develop
systems for differential diagnosis of cases which warrant
urgent treatment and those in which further intervention is
more questionable. It has been shown that the clinical decision
making varies between clinicians [34], possible due to the sci-
entific uncertainty regarding the persistent apical periodontitis
and it would be valuable to the society if the clinical decision
process should be based on more solid scientific knowledge,
in order to avoid over- and under treatment.

Conclusions

Using the developed set of criteria on a specific selection of
root-filled teeth with persisting apical periodontitis, periapical
inflammation was common, but varied in extent and severity.
The inflammation was less pronounced and affected a rela-
tively smaller area in asymptomatic teeth, although outliers
in both directions were identified.
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