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ABSTRACT

Objective: The objective of our study was to re-evaluate periapical lesions, including radicular cysts (RCs) and periapical
granulomas (PGs) for locations, histopathological features, and degree of fibrosis in relation to the inflammatory response. In
addition, we examined the presence of Porphyromonas gingivalis (Pg) and Fusobacterium nucleatum (Fn) since both are widely
recognized pathogens in periodontal infections.

Methods: We re-evaluated samples of RCs and PGs (n = 728) and collected data for analyses by IBM's SPSS Statistics. Among
these samples, we stained 93 samples to determine the immunoexpression of Pg and Fn. For immunostaining, we used
Gingipain R1 antibody for Pg and Rabbit anti-Fn antibody for Fn.

Results: Fibrosis is associated with mild inflammation. We found a significant positive correlation between Pg and Fn. Thus,
these pathogens are likely to occur together in periapical inflammatory lesions. We additionally noted that these period-
ontopathic pathogens are more likely to be present in RCs than in PGs.

Conclusions: Asymptomatic radiologically diagnosed periapical lesions may not necessarily need root canal retreatment in
healthy patients since these lesions may represent scar tissue rather than active apical periodontitis. Clinical and radiological
follow-up is still needed. Yet, periapical lesions, especially cysts, may contain dystopic periodontopathic pathogens, and Pg and
Fn often occur together in periapical lesions.
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Summary

« Periodontopathogens Porphyromonas gingivalis and Fu-
sobacterium nucleatum occur likely together in periapi-
cal inflammatory lesions and are more present in cysts
than granulomas.

« Inflammation is low within fibrotic lesions: up to one-
fifth of the documented lesions seem to be scar tissue.

« P. gingivalis is present in the endothelial cells of the
blood vessel walls.

1 | Introduction

Apical periodontitis is an inflammatory disease of microbial
origin, characterized by an inflammatory response and
destruction of the periapical tissues (Siqueira and Rocas 2022).
It is the most frequent inflammatory lesion of the jaw, with a
worldwide prevalence of 52% and the prevalence is higher in
developing countries and among individuals with one or more
systemic conditions (Tiburcio-Machado et al. 2021). Bone
destruction is caused by both microbial infection and the
immune response as a part of the defense reaction. Depending
upon the grade of infection in the root canal, an acute or
chronic reaction can occur (Siqueira and Rocas 2022).

Apical periodontitis includes inflammatory radicular cysts
(RCs) and periapical granuloma (PG) (Braz-Silva et al. 2019).
Several studies have shown that PG is the most common type of
apical periodontitis, with the maxillary anterior region the most
affected site (H. P. Lin et al. 2010; Lalonde and Luebke 1968).
They are distinguished from one another using the epithelial
lining appearing on the walls of RCs. Granulomas consist of
granulation tissue with inflammatory cells, fibroblasts, and
well-developed fibrous capsules (Braz-Silva et al. 2019).

The epithelial lining is most likely derived from the epithelial
cell rests of the Malassez as a product of the inflammatory
proliferation of the cell rests in the area of apical periodontitis
(Wang and Olmo 2022). An RC is originating from PG (Galler
et al. 2021; L. M. Lin et al. 2017). The exact mechanism of cyst
formation remains unclear.

Both lesions are referred to radiographically as apical peri-
odontitis and are formed when bacteria reach the tooth pulp
and cause an infection, leading to pulp necrosis (Garcia et al.
2007). Lesions can only be diagnosed by histological examina-
tion. RCs typically present as an osteolytic lesion located in the
apex of the teeth upon conventional radiography and via cone
beam computed radiography (L. M. Lin et al. 2017).

Some studies suggest that certain radiolucent areas observed in
imaging might be related to the healing processes involving the
formation of dense collagenous tissue, often referred to as scar
tissue. This healing mechanism has been noted in various studies
(Nair 2006; Penick 1961; Seltzer et al. 1967). However, our
knowledge of how healing occurs after surgical and nonsurgical
endodontic treatments remains limited (Nair 2006). Long-term
studies, covering 10-27 years, have tracked asymptomatic cases
where persistent thickening of the periodontal ligament showed

no significant radiological changes. These findings led to the
hypothesis that some changes appearing as apical periodontitis
on imaging could represent scar tissue (Molven and Halse 1988;
Halse and Molven 2004). However, systematic reviews have
found no solid evidence to support conclusions concerning the
diagnostic accuracy of a radiological examination to identify scar
tissue healing (Petersson et al. 2012).

Root canal infections are polymicrobial, predominantly
involving Gram-negative anaerobic bacteria (Sundqvist 1976;
Haapasalo et al. 1986; Sundqvist et al. 1989). Primary infected
canals with apical periodontitis differ in species and numbers
from secondary infections (Gomes et al. 2004; Tani-Ishii
et al. 1994). Primary infections primarily involve species like
Bacteroides, Porphyromonas, Prevotella, Fusobacterium, Trepo-
nema, Peptostreptococcus, Eubacterium, and Campylobacter,
while secondary infections show higher prevalence of En-
terococci, Streptococci, Lactobacilli, and Actinomyces, and fungi
such as Candida is higher (Neelakantan et al. 2017). Porphyr-
omonas gingivalis (Pg), Fusobacterium nucleatum (Fn), Strep-
tococcus salivarius, Treponema denticola, and Tanerella forsythia
have been found in descending order in symptomatic primary
endodontic infections (Zargar et al. 2020). Pg has been identi-
fied as a predominant pathogen in all phases of endodontic
retreatment and, therefore, related to endodontic treatment
failure (Barbosa-Ribeiro et al. 2021). Fn, frequently found in
periapical abscesses (Oguntebi et al. 1982), is a major contrib-
utor to endodontic failure and posttreatment apical periodon-
titis (Prada et al. 2019).

In this study, we aimed to document the data from 728 cases of
inflammatory RCs and PGs as well as examine the im-
munopositivity of Pg and Fn in these lesions. Both these dystopic
and proteolytic periodontopathogens are widely recognized as
playing a role in the development of periodontal infections
together with other oral pathogens (Enersen et al. 2013; Bolstad
et al. 1996).

2 | Materials and Methods
2.1 | Tissue Samples

Data were collected from the pathology archives of Helsinki
University Hospital for patients with diagnosed periapical
lesions between the years 2000 and 2013.

In total, we collected 728 samples previously histopathologically
diagnosed as RC or PG. We included 696 samples for re-
evaluation by two authors (J.H. and S.V.). Misdiagnosed tissue
samples and samples with little tissue material left were ex-
cluded from further study. All samples were tabulated based on
diagnosis, age, sex, localization, state of inflammation, inflam-
matory cell types, detection of cholesterol clefts, calcification,
respiratory epithelium, goblet cells, foam cells, oral pulse
granuloma vacuoles, Rushton bodies, Russel bodies, bacteria
plaque, fibrous tissue, and hemorrhage. Histological features
are represented in Figure 1. The state of inflammation was
scored as follows: 0, fibrotic (as no inflammation cells); 1, mild;
2, moderate; or 3, abundant. Fibrosis was scored as follows: 0,
no fibrosis; 1, mild or moderate fibrosis; or 2, moderate or
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FIGURE 1 | Histological features of periapical lesions. Representative pictures of histological findings in inflammatory periapical lesions in

hematoxylin and eosin staining. (A) radicular cyst (magnification x40), (B) periapical granuloma (magnification x200), (C) fibrosis in radicular cyst
(magnification x200), (D) cholesterol clefts in radicular cyst (magnification x100), (E) calcification (magnification x400), (F) goblet cells in cyst
epithelium (magnification x200), (G) oral pulse granuloma (magnification x200), (H) Rushton bodies (magnification x400), (I) Russell bodies

(magnification x400).

abundant fibrosis. Other variables were tabulated without
scoring.

The use of the tissue samples was approved by the Ethics
Committee of Helsinki University Hospital (diary number 466/
2020), the study protocol was approved by the Helsinki Uni-
versity Research Board, and the samples were provided by the
Helsinki Biobank. Due to the retrospective nature of the study,
patient consent was not required. This study was conducted
with the ethical standards established in the 1964 Declaration of
Helsinki and its later amendments.

2.2 | Statistical Analysis

Data analysis was performed using IBM SPSS Statistics for
Windows, version 28.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics, comparative analyses, and Spearman's
correlation were calculated. Comparative analyses were per-
formed using the chi-square test and when assumptions were

not valid using the Fisher's exact or likelihood ratio test. We
considered a p-value of less than 0.05 as statistically significant.

2.3 | Immunohistochemistry With Bacterial
Antigens

For immunohistochemistry, we collected 100 RC (n = 59) and PG
(n = 34) paraffin-embedded samples in total representing as wide
a range of inflammation levels as possible. Among these, seven
samples had too little material left for staining and were thus
excluded. For Pg and Fn immunostaining, we used Gingipain R1
antibody for Pg (biorbyt orb243611) since Gingipain represents a
specific enzyme for Pg, and Rabbit anti F. nucleatum antibody
(Diatheva ANT0084) for Fn.

After the slides were deparaffinized and rehydrated, antibodies
were applied according to the manufacturer's protocol. The
staining was performed using the Envision Flex-kit (K8000, Agi-
lent Technologies, Singapore). Sections were then counterstained
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TABLE 1 | Details of the antibodies used and scoring.

Clone Company Dilution Reaction time Scoring
Gingipain R1 antibody Polyclonal biorbyt 1:600 O\N +5 Low expression, none to mild
Light expression, moderate to strong
Rabbit anti-Fusobacterium Polyclonal Diatheva 1:100 O\N +5 Low expression, none to mild

nucleatum

High expression, moderate to strong

with Mayer's hematoxylin, dried, and mounted before scoring.
Negative controls without primary antibodies were included in
each staining to confirm the absence of contamination.

2.4 | Scoring of Immunohistochemistry

The hematoxylin and eosin (HE) glasses were re-evaluated and
immunohistochemical positivities were scored by two re-
searchers (S.V. and J.H.) independently. In cases of dis-
agreement, consensus was reached through discussion. The
details of the scoring are summarized in Table 1.

3 | Results

The histopathological re-evaluation in 728 cases is described in
Table 2. Thirty-two cases were excluded due to misdiagnosis or
poor tissue samples. Information on the jaw was unavailable
in six cases and information regarding the region was
unavailable in 36 included cases (Table 2). The most affected
sites for RC were the lower molar (24.8%) and upper incisal
region (22.0% of cysts). Additionally, the most frequent site
for PG was the upper incisal (26.0%) and lower molar (24.0%)
region. Lesions were more frequently observed in males than
females.

3.1 | Fibrosis

Fibrosis was detected in 318 of 696 samples included in this
study. Table 3 illustrates the relationship between the state of
inflammation and the grade of fibrosis. We observed a statisti-
cally significant association between fibrosis and low grade of
inflammation.

3.2 | Immunohistochemistry With Bacterial
Antigens

In total, 93 samples were stained with the Gingipain R1 anti-
body and the Rabbit anti-F. nucleatum antibody. Figure 2
illustrates the positivity of staining. Fn was detected in
inflammatory cells, sometimes in the epithelium and multi-
nucleated giant cells. Pg was detected in the same cell types
and, additionally, sometimes in blood vessel walls. Both were
more often present in cysts than in granulomas and often co-
located as shown in Tables 4 and 5.

In inflammatory cells, a high expression for Gingipain R1 an-
tibody (GP) was detected in 46 samples and for Rabbit anti-Fn

TABLE 2 | Frequency (%) of sex, age, localizations, histopatholog-
ical features, and state of inflammation among 696 cases of periapical
inflammatory lesions.

Radicular  Periapical
Total cyst granuloma
Frequency (%) n =696 n=>541 n=155
(100.0) (77.7) (22.3)
Mean age 51.2 51.3 50.9
Sex
Male 63.2 68.6 43.9
Female 36.8 31.2 56.1
Jaw n =690 n=>536 n=154
Maxilla 49.7 50.9 59.1
Mandible 44.2 49.1 40.9
Region n =660 n =506 n=154
Incisal 34.7 34.0 37.0
Premolar 21.1 21.7 18.8
Molar 44.2 44.3 44.2
State of
inflammation
Fibrotic 19.3 21.3 12.3
Mild 22.6 22.2 23.9
Moderate 36.1 29.9 57.4
Abundant 22 26.6 6.4
Cholesterol clefts 21.7 26.6 4.5
Calcification 6.6 8.9 0.6
Respiratory 2.9 33 1.3
epithelium
Goblet cells 1.9 2.4 0.0
Foam cells 14.8 14.0 17.4
Oral pulse 1.0 1.3 0.0
granuloma
Rushton bodies 6.0 7.8 0.0
Russel bodies 5.0 2.8 12.9
Bacteria plaque 1.7 2.2 0.0
Hemorrhage 22.6 20.5 29.7

antibody (FN) in 33 samples. Tables 4 and 5 summarize the
specific scoring and features of the samples. We found a sta-
tistically significant positive correlation between GP and FN
(p =0.003).
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TABLE 3 | Crosstabulation between the state of inflammation and fibrosis within 696 samples.

Fibrosis (%)

State of inflammation None Mild Abundant
Fibrotic 11 (2.9) 1(0.8) 122 (61.6)
Mild 55 (14.6) 37 (30.8) 65 (32.8)
Moderate 172 (45.6) 71 (59.2) 9 (4.5)
Abundant 120 (37.0) 11 (9.2) 2 (1.0)
Total 378 120 198
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FIGURE 2 | Immunostaining with bacterial antigens. (A and B) Positivity to bacterial antigens in inflammatory cells with Gingipain R1 antibody
(A) and Rabbit anti-Fusobacterium nucleatum antibody (B). Magnification x400. (C and D) Positivity to bacterial antigens in same tissue slides in

radicular cyst; Gingipain R1 antibody (C) and Rabbit anti-Fusobacterium nucleatum antibody (D). Magnification x200. (E and F) Positivity to
Gingipain R1 antibody in blood vessel walls of a radicular cyst. Magnification x400.

4 | Discussion

In this study, we collected 728 samples diagnosed as RC
and PG, of which 696 samples were included following re-
evaluation. According to the literature, the prevalence of cysts
among periapical lesions has shown a wide range of variability
in similar study sets (Ramachandran Nair et al. 1996). The high
incidence (Table 2) of RCs in our data is likely due to the search
methods from the archives: lesions diagnosed as “granulomas”
instead of “periapical granulomas” have likely been omitted

from the search. In addition, in our experience, clinicians do
not routinely send samples of all small lesions attached to
apices of the teeth that have been extracted, which may lead to
bias in the distribution of the data. A statistically significant
majority of the samples were from male patients, possibly
indicating that females seek dental treatment more often com-
pared with male patients. Similar results were observed in Oulu
among 25-year-old persons (Nurminen et al. 2021). Further-
more, two-thirds of RCs were diagnosed in males, supporting
the idea that males seek dental care at a later stage of disease
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TABLE 4 | Immunostaining with bacterial antigens in 93 samples.
Radicular Periapical
Total (n =93) cyst (n=59) granuloma (n = 34)
High in Gingipain R1 antibody (%) 46 (49.5) 33 (71.7) 13 (28.3)
High in Rabbit anti-Fusobacterium nucleatum 33 (35.5) 21 (63.6) 12 (36.4)

antibody (%)

Note: The samples were stained with the Gingipain R1 antibody for Porphyromonas gingivalis and Rabbit anti Fusobacterium nucleatum antibody for Fusobacterium
nucleatum. There was a statistically significant positive correlation between P. gingivalis and F. nucleatum (p = 0.003).

TABLE 5 | Crosstabulation for 56 samples high in bacterial antigens at different states of inflammation.
Total high expression in bacterial Chronic Mixed cell Acute
antigens n = 56 (n=39) infiltrate (n=9) (n=3) Abscess (n=5)
High in Gingipain R1 antibody, n =46 33 8 2 3
% Within the state of inflammation 84.6 88.9 66.7 60
High in rabbit anti-Fusobacterium 20 5 3 5
nucleatum antibody, n = 33
% Within the state of inflammation 51.3 55.6 100 100

than females since RC evolves from PG (Galler et al. 2021; L. M.
Lin et al. 2017). The mean age of patients was 51.2 years.

In the literature, RCs appear to be more common in the anterior
region of the maxilla and premolar region of the mandible (Borg
et al. 1974). Our study partly contradicts both RCs and PGs, which
occurred more often in the upper incisal and lower molar regions.
Respiratory epithelium was found in lesions that perforated the
maxillary sinus. Supporting our results, Couto et al. (2021) stated in
their multicenter study that the molar region was more often the
site of these lesions, although no distinction was mentioned
between the premolar and molar regions. In addition, Couto et al.
(2021) stated that lesions were more often found in the maxilla. This
partly contradicts our study since we detected no differences in the
location of these lesions in relation to the jaw.

It has been noted that some radiolucent changes can sometimes
be due to partial necrosis caused by pulpitis (Motoki et al. 2021)
as well as healing through scar tissue (Nair 2006; Penick 1961;
Seltzer et al. 1967; Nair et al. 1999). We found a positive sig-
nificant correlation between fibrosis and low grades of inflam-
mation given that the grade of inflammation was rather low in
the fibrotic lesions. As radiologically fibrotic lesions cannot be
distinguished from active inflammation, we suggest that some
of the asymptomatic radiolucent lesions could be followed up
clinically and radiologically if root canal treatment was other-
wise successful.

Periodontopathic pathogens were previously isolated from
necrotic pulp and apical periodontitis (R6écas et al. 2001;
Marinho et al. 2015). We found a significant positive correlation
between Pg and Fn, whereby these pathogens are likely to occur
together in periapical inflammatory lesions (Enersen et al. 2013;
Bolstad et al. 1996). Saito et al. (2008) have demonstrated a
synergistic effect between Pg and Fn in periapical periodontitis.
In our study, all samples that had Fn contained Pg as well,
supporting the suggestion that Pg enhances the growth of Fn.

Both Pg and Fn can activate proteolytic enzymes that eventually
promote periapical soft and hard tissue destruction by modify-
ing immune responses and activating the host's matrix me-
talloproteinases (Sorsa et al. 1992; Doron et al. 2014).

In some samples, we observed a positivity for Pg in the en-
dothelial cells of the blood vessel walls as seen in Figure 2. We
speculate that these pathogens migrate to the periapical area
directly from deep periodontal pockets or via systemic blood
circulation. Via blood circulation, these pathogens can migrate
to the entire body. In our sample, Pg and Fn were more present
in RCs than in PGs. This agrees with our previous study, in
which we showed that bacterial lipopolysaccharide (LPS) occurs
in Rushton bodies, which are more often detected in RCs than
in PGs (Virkkunen et al. 2023). In previous studies, Fn pre-
dominated bacterium in abscesses (Oguntebi et al. 1982) and
appeared responsible for endodontic failure (Prada et al. 2019);
these findings agree with our results regarding the presence of
Fn in all acute infection lesions and abscesses, as detailed in
Table 5. We speculate that these pathogens eventually can
provoke cyst formation. Moreover, we speculate that severe
periodontitis makes it possible for these pathogens to enter the
apical region. Unfortunately, we did not have data on the
periodontal status of these patients.

The strengths of this study lie in the large data set and thorough
re-evaluation of histological samples. Since the material is ret-
rospective, there might be biases in data collection, including
incomplete information and variations in diagnostic criteria over
time. The difficulties and limitations due to the lack of infor-
mation regarding any previous symptoms and the periodontal
status as well as the reason for extractions in the data set are
acknowledged. While this study contributes valuable insights
into apical periodontitis, researchers and clinicians should con-
sider these limitations when interpreting and applying the find-
ings since PGs and RCs can be diagnosed only after biopsy and
the final diagnosis does not affect the treatment.
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5 | Conclusions

Up to one-fifth of periapical lesions are fibrotic, whereby a large
proportion of the lesions do not contain inflammatory features.
This should be borne in mind when assessing the need for
further dental treatment and follow-up.

Periapical lesions, especially cysts, may contain period-
ontopathic pathogen, and often Pg and Fn occur together, likely
provoking more severe inflammation.

Author Contributions

Conception: all authors. Design: Sirke Virkkunen, Terhi Sorsa, Caj
Haglund, Jaana Hagstrom. Supervision: Caj Haglund, Timo Sorsa,
Jaana Hagstrom. Fundings: Caj Haglund, Timo Sorsa. Materials: Sirke
Virkkunen, Jaana Hagstrém. Data collection and/or processing: Sirke
Virkkunen, Auli Suominen, Merja Laine. Analysis and/or interpreta-
tion: Sirke Virkkunen, Auli Suominen. Literature review: Sirke
Virkkunen, Terhi Kaarela. Writer: Sirke Virkkunen, Terhi Kaarela,
Jaana Hagstrom. Critical review: all authors.

Acknowledgments

We thank Pia Saarinen for technical assistance. This study has been
funded by HUSLAB, Helsinki University Hospital, Department of
Pathology grant Y780022044.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Barbosa-Ribeiro, M., R. Arruda-Vasconcelos, L. M. Louzada,
D. G. Dos Santos, F. D. Andreote, and B. P. F. A. Gomes. 2021.
“Microbiological Analysis of Endodontically Treated Teeth With Apical
Periodontitis Before and After Endodontic Retreatment.” Clinical Oral
Investigations 25, no. 4: 2017-2027.

Bolstad, A. I., H. B. Jensen, and V. Bakken. 1996. “Taxonomy, Biology,
and Periodontal Aspects of Fusobacterium nucleatum.” Clinical
Microbiology Reviews 9, no. 1: 55-71.

Borg, G., G. Persson, and H. Thilander. 1974. “A Study of Odontogenic
Cysts With Special Reference to Comparisons Between Keratinizing and
Non-Keratinizing Cysts.” Svensk tandlakare tidskrift. Swedish Dental
Journal 67, no. 6: 311-325.

Braz-Silva, P. H., M. L. Bergamini, A. P. Mardegan, C. S. De Rosa,
B. Hasseus, and P. Jonasson. 2019. “Inflammatory Profile of Chronic
Apical Periodontitis: A Literature Review.” Acta Odontologica
Scandinavica 77, no. 3: 173-180.

Couto, A. M. D., D. P. Meirelles, A. T. Valeriano, et al. 2021. “Chronic
Inflammatory Periapical Diseases: A Brazilian Multicenter Study of
10,381 Cases and Literature Review.” Brazilian Oral Research 35: €033.
https://doi.org/10.1590/1807-3107bor-2021.vol35.0033.

Doron, L., S. Coppenhagen-Glazer, and Y. Ibrahim, et al. 2014. “Iden-
tification and Characterization of Fusolisin, the Fusobacterium nucle-
atum Autotransporter Serine Protease.” PLoS One 9, n0.10: e111329.

Enersen, M., K. Nakano, and A. Amano. 2013. “Porphyromonas gingi-
valis Fimbriae.” Journal of Oral Microbiology 5, no.1: 20265.

Galler, K. M., M. Weber, Y. Korkmaz, M. Widbiller, and M. Feuerer.
2021. “Inflammatory Response Mechanisms of the Dentine-Pulp
Complex and the Periapical Tissues.” International Journal of
Molecular Sciences 22, no. 3: 1480.

Garcia, C. C., V. F. Sempere, P. M. Diago, and M. E. Bowen. 2007. “The Post-
Endodontic Periapical Lesion: Histologic and Etiopathogenic Aspects.”
Medicina Oral, Patologia Oral y Cirugia Bucal (Internet) 12, no.8: 585-590.

Gomes, B. P. F. A.,, E. T. Pinheiro, C. R. Gadé-Neto, et al. 2004.
“Microbiological Examination of Infected Dental Root Canals.” Oral
Microbiology and Immunology 19, no. 2: 71-76.

Haapasalo, M., H. Ranta, K. Ranta, and H. Shah. 1986. “Black-
Pigmented Bacteroides spp. in Human Apical Periodontitis.” Infection
and Immunity 53, no. 1: 149-153.

Halse, A., and O. Molven. 2004. “Increased Width of the Apical Peri-
odontal Membrane Space in Endodontically Treated Teeth may Represent
Favourable Healing.” International Endodontic Journal 37, no. 8: 552-560.

Lalonde, E. R., and R. G. Luebke. 1968. “The Frequency and Distribu-
tion of Periapical Cysts and Granulomas: An Evaluation of 800 Speci-
mens.” Oral Surgery, Oral Medicine, Oral Pathology 25, no. 6: 861-868.

Lin, H. P., H. M. Chen, C. H. Yu, R. C. Kuo, Y. S. Kuo, and Y. P. Wang.
2010. “Clinicopathological Study of 252 Jaw Bone Periapical Lesions
From a Private Pathology Laboratory.” Journal of the Formosan Medical
Association 109, no. 11: 810-818.

Lin, L. M., D. Ricucci, and B. Kahler. 2017. “Radicular Cysts Review.”
JSM Dental Surgery 2, no. 2: 1017-1.

Marinho, A. C. S., F. C. Martinho, F. R. M. Leite, G. G. Nascimento, and
B. P. F. A. Gomes. 2015. “Proinflammatory Activity of Primarily In-
fected Endodontic Content Against Macrophages After Different Phases
of the Root Canal Therapy.” Journal of Endodontics 41, no.6: 817-823.

Molven, O., and A. Halse. 1988. “Success Rates for Gutta-Percha and
Kloroperka N-O Root Fillings Made by Undergraduate Students:
Radiographic Findings After 10-17 Years.” International Endodontic
Journal 21: 243-250.

Motoki, O., D. H. Fergus, T. Yusuke, K. Nanako, S. Matsumoto, and
H. Mikako. 2021. “Partial Pulpotomy to Successfully Treat a Caries-
Induced Pulpal Micro-Abscess: A Case Report.” Frontiers in Dental
Medicine 2: 678632.

Nair, P. N. R. 2006. “On the Causes of Persistent Apical Periodontitis: A
Review.” International Endodontic Journal 39, no. 4: 249-281.

Nair, P. N. R., U. Sjogren, D. Figdor, and G. Sundqvist. 1999.
“Persistent Periapical Radiolucencies of Root Filled Human Teeth,
Failed Endodontic Treatments and Periapical Scars.” Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology
87, no. 5: 617-627.

Neelakantan, P., M. Romero, J. Vera, et al. 2017. “Biofilms in
Endodontics—Current Status and Future Directions.” International
Journal of Molecular Sciences 18, no. 8: 1748.

Nurminen, M., J. Blomgren, and H. Mikkola. 2021. “Hammaslddkarissad
kdydaddn joko julkisella tai yksityiselld sektorilla-harvoin molemmilla.”
https://tutkimusblogi.ke-la.fi/arkisto/5860.

Oguntebi, B., A. M. Slee, J. M. Tanzer, and K. Langeland. 1982. “Pre-
dominant Microflora Associated With Human Dental Periapical
Abscesses.” Journal of Clinical Microbiology 15, no.5: 964-966.

Penick, E. C. 1961. “Periapical Repair by Dense Fibrous Con-
nectivetissue Following Conservative Endodontic Therapy.” Oral
Surgery, Oral Medicine, Oral Pathology 14, no. 2: 239-242.

Petersson, A., S. Axelsson, T. Davidson, et al. 2012. “Radiological
Diagnosis of Periapical Bone Tissue Lesions in Endodontics: A Sys-
tematic Review.” International Endodontic Journal 45, no. 9: 783-801.

Prada, I, P. Mic6-Mufioz, T. Giner-Lluesma, P. Mico-Martinez,
N. Collado-Castellano, and A. Manzano-Saiz. 2019. “Influence of

7 of 8

85LB01 SUOLULLOD @AII1D) 3{cedl|dde aupy Aq peusenob a1e Sajofe YO 9sN JO SaInJ 10} Aiq1T 8UljUO AB[IM UO (SUONIPUOD-PUB-SWB)LLI0O™AB | 1M ARe.q)1BulUO//STIY) SUORIPUOD pue SIS 1 8Ly 38S " [6202/20/v2] U0 AReiqi8uliuO A8|IM ‘PiSuoiiedl|nd [eo1ps Al Witepond Aq 8600L 29:0/200T OT/I0p/W0d A8 | Aeiqjpuljuo//:sdny wouy pepeojumod ‘T ‘'S20Z ‘LvEr.S0T


https://doi.org/10.1590/1807-3107bor-2021.vol35.0033
https://tutkimusblogi.ke-la.fi/arkisto/5860

Microbiology on Endodontic Failure. Literature Review.” Medicina oral,
patologia oral y cirugia bucal 24, no.3: e364-e372.

Ramachandran Nair, P. N., G. Pajarola, and H. E. Schroeder. 1996.
“Types and Incidence of Human Periapical Lesions Obtained With
Extracted Teeth.” Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology 81, no. 1: 93-102.

Régas, I. N., J. F. Siqueira, K. R. N. Santos, A. M. A. Coelho, and
R. de Janeiro. 2001. ““Red Complex’ (Bacteroides forsythus, Porphyr-
omonas gingivalis, and Treponema denticola) in Endodontic Infections:
A Molecular Approach.” Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontology 91, no.4: 468-471.

Saito, Y., R. Fujii, K. I. Nakagawa, H. K. Kuramitsu, K. Okuda, and
K. Ishihara. 2008. “Stimulation of Fusobacterium nucleatum Biofilm
Formation by Porphyromonas gingivalis.” Oral Microbiology and
Immunology 23, no. 1: 1-6.

Seltzer, S., I. B. Bender, J. Smith, I. Freedman, and H. Nazimov. 1967.
“Endodontic Failures—An Analysis Based on Clinical, Roentgeno-
graphic, and Histologic Findings. Parts I and II.” Oral Surgery, Oral
Medicine and Oral Pathology 23, no.4: 500-516.

Siqueira Jr., J. F., and I. N. Siqueira, eds. 2022. Treatment of Endodontic
Infections. Quintessenz Verlag.

Sorsa, T., T. Ingman, K. Suomalainen, et al. 1992. “Identification of
Proteases From Periodontopathogenic Bacteria as Activators of Latent
Human Neutrophil and Fibroblast-Type Interstitial Collagenases.”
Infection and Immunity 60, no. 11: 4491-4495.

Sundqvist, G. 1976. “Bacteriological Studies of Necrotic Dental Pulps.”
Doctoral diss., Umeé University.

Sundqvist, G., E. Johansson, and U. Sjogren. 1989. “Prevalence of Black-
Pigmented Bacteroides Species in Root Canal Infections.” Journal of
Endodontics 15, no. 1: 13-19.

Tani-Ishii, N., C. Y. Wang, A. Tanner, and P. Stashenko. 1994. “Changes
in Root Canal Microbiota During the Development of Rat Periapical
Lesions.” Oral Microbiology and Immunology 9, no. 3: 129-135.

Tibarcio-Machado, C. S., C. Michelon, F. B. Zanatta, M. S. Gomes,
J. A. Marin, and C. A. Bier. 2021. “The Global Prevalence of Apical
Periodontitis: A Systematic Review and Metaanalysis.” International
Endodontic Journal 54, no. 5: 712-735.

Virkkunen, S., J. Willberg, C. Haglund, M. Sund, T. Sorsa, and
J. Hagstrom. 2023. “Ex Vivo Detection of Lipopolysaccharide Im-
munopositivity in Rushton Bodies.” Histology and Histopathology
(March) 889-892. https://doi.org/10.14670/HH-18-602.

Wang, L. L., and H. Olmo. 2022. “Odontogenic Cysts.” In StatPearls.
StatPearls Publishing.

Zargar, N., H. Ashraf, S. M. A. Marashi, M. Sabeti, and A. Aziz. 2020.
“Identification of Microorganisms in Irreversible Pulpitis and Primary
Endodontic Infections With Respect to Clinical and Radiographic
Findings.” Clinical Oral Investigations 24: 2099-2108.

8 of 8

Clinical and Experimental Dental Research, 2025

85LB01 SUOLULLOD @AII1D) 3{cedl|dde aupy Aq peusenob a1e Sajofe YO 9sN JO SaInJ 10} Aiq1T 8UljUO AB[IM UO (SUONIPUOD-PUB-SWB)LLI0O™AB | 1M ARe.q)1BulUO//STIY) SUORIPUOD pue SIS 1 8Ly 38S " [6202/20/v2] U0 AReiqi8uliuO A8|IM ‘PiSuoiiedl|nd [eo1ps Al Witepond Aq 8600L 29:0/200T OT/I0p/W0d A8 | Aeiqjpuljuo//:sdny wouy pepeojumod ‘T ‘'S20Z ‘LvEr.S0T


https://doi.org/10.14670/HH-18-602

	Radicular Cysts and Periapical Granulomas: Data Documentation for 696 Cases and Findings on Fibrosis, and Porphyromonas gingivalis and Fusobacterium nucleatum in These Lesions
	1 Introduction
	2 Materials and Methods
	2.1 Tissue Samples
	2.2 Statistical Analysis
	2.3 Immunohistochemistry With Bacterial Antigens
	2.4 Scoring of Immunohistochemistry

	3 Results
	3.1 Fibrosis
	3.2 Immunohistochemistry With Bacterial Antigens

	4 Discussion
	5 Conclusions
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References




