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Abstract

Radicular cysts are the most common type of cyst found in the jaw. Various hypotheses 

regarding their pathogenesis have been proposed, but there is no consensus. Therefore, 

the purpose of this study was to evaluate the pathogenesis of radicular cysts via a 

clinicopathological study. Radicular cysts and granulomas of 1590 cases seen at the 

Tokyo Dental College were evaluated histopathologically. Various materials were present 

in the lumens and cyst walls of radicular cysts and granulomas in 39.7% (597/1590) of 

those cases, especially, foreign bodies such as root canal filling materials or intracanal 

medicaments were recognized in 14.0% of these cases (223/1590). These results 

suggest that the failure of root canal treatment frequently plays a role in the formation of 

radicular cysts and granulomas.
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Introduction

Radicular cysts are the most common type of cyst 

found in the jaw, and are classified as inflammatory 

cysts according to the World Health Organization1)2). 

Clinically, radicular cysts are associated with teeth 

that have caries, have undergone previous restorative 

care, have sustained trauma or are apparent failures 

of root canal treatments3). Pathologically, the causes 

of radicular cysts have been classified as biological 

factors such as bacterial infections, chemical factors 

such as stimulation of intracanal medicaments, and 

physical factors such as extrusions of instruments 

and overfilling of root canal filling materials. In 

particular, the relationship between these factors 

and dental treatments has been suggested. However, 

there is no consensus about the pathogenesis 

of radicular cysts related to dental treatments4). 

Therefore, to determine the relationship(s) between 

the pathogenesis of radicular cysts and dental 

treatments, we statistically retrieved the ratio of 

these materials which were included in radicular 

cysts and granulomas seen at the Tokyo Dental 

College and reviewed their origin. 
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Materials and Methods

This study included 1590 patients diagnosed and 

treated for radicular cysts and radicular granulomas 

at the Tokyo Dental College Chiba and the Suidobashi 

Hospital from 2007 to 2011. Specimens were 

routinely fixed in 10% buffered formalin and were 

embedded in paraffin. Sections 4 mm thick were 

serially cut and stained with hematoxylin and eosin. 

Those specimens were retrieved histologically and 

materials observed in the cystic lumens or cyst 

walls of those radicular cysts and granulomas were 

categorized into 3 types: “foreign body”, “hard tissue” 

and “bacterial cluster”. Subsequently, the ratio of 

each category in the 1590 cases was estimated. 

Furthermore, in some cases that recognized 

the presence of the above-described features, 

immunohistochemical staining was performed to 

demonstrate the foreign body reaction using an anti-

CD68 antibody (1:50, DAKO, Glostrup, Denmark), 

which is expressed on the surface of macrophages. 

We also evaluated the protective response in the 

lining epithelium by examining the expression of 

β -Defensin 2, which is an antimicrobial peptide 

secreted by stratified squamous epithelium using 

an anti-human β -defensin 2 antibody (1:50, 

R&D Systems, Inc., Minneapolis, MN, USA). After 

deparaffinization, the sections were microwaved for 

30 min at 97 °C for antigen retrieval. Endogenous 

peroxidase activity was blocked by incubating the 

sections with 3% H2O2 in methanol for 30 min. 

To prevent non-specific reactions, sections were 

incubated with 3% bovine serum albumin for 30 

min in a humidity chamber. After washing in PBS, 

sections were incubated with the primary antibodies 

overnight at 4°C. The sections were then incubated 

with a horseradish-peroxidase-conjugated secondary 

antibody [Histofine MAX-PO(MULTI), Nichirei, 

Tokyo, Japan] for 30 min in the humidity chamber. 

Finally, they were visualized using 0.01% 3,3’

-diaminobenzidine, and were counterstained with 

hematoxylin.

Results

Histologically, foreign bodies such as root canal filling 

materials or intracanal medicaments (223/1590, 

14.0%), hard tissue particles such as cementum or 

dentin (202/1590, 12.7%) and microbial clusters 

composed of micrococcus and fungus (172/1590, 

10.8%) were observed in radicular cysts and 

granulomas in the 1590 cases (Table 1). Figure 1 

shows an example of each category of materials 

which were recognized in the lumens and cyst walls 

(Figure 1A-H). Immunohistochemically, numerous 

CD68-positive cells had infiltrated the cyst walls in 

cases with foreign bodies and hard tissue particles 

(Figure 2A). In addition, the expression of β

-Defensin 2 was recognized in the lining epithelium 

of radicular cysts with microbial clusters (Figure 2B). 

Discussion

We performed the present study to determine the 

relationship between the pathogenesis of radicular 

cysts and granulomas with dental treatments. 

We found that various materials were present in 

the lumens and cyst walls of radicular cysts and 

granulomas in 39.7% (597/1590) of the cases. 

However, the retrieval in this study was carried 

out using a section of each specimen, and so in 

other parts of the specimens there might be other 

materials that were not observed. According to Nair, 

intraradicular or extraradicular infections due to 

microbes and foreign bodies, including cholesterol 

crystals, gutta-percha, food particles, endodontic 

paper and cotton wool, amalgams, endodontic 

sealants and calcium salts as well as scar tissues as 

non-microbial causes5) were found to be causes of 

diagnosis foreign body hard tissue microbial cluster total
radicular cyst and granuloma 223 (14.9%) 202 (12.7%) 172 (10,8%) 597 (39.7%)

Table 1 Summary of the presence of foreign body, bacterial infection and hard tissue in 1590 radicular cyst and granuloma cases 

at Tokyo Dental College since 2007 to20011
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Figure 1. Example of each category of materials in the lumens and cyst walls of radicular cysts and granulomas (H-E stain).
A: Gutta-percha-like foreign bodies ( × 200).
B: Blown-black foreign bodies which seem to be intracanal medicaments or endodontic sealers ( × 100).
C: Giant cell phagositizing brown-black foreign bodies ( × 400).
D: Orange oil-like foreign bodies which seem to be intracanal medicaments ( × 200).
E: Fragment of dentin ( × 200).
F: Detached cementum from the surface of the apex ( × 100).
G: Microbial cluster ( × 400).
H: Bacteria laced with foreign bodies in the space between the gutta-percha and dentin ( × 400).

Sanuki et al. Radicular cyst and granuloma: A clinicopathological study of 1590 cases and a literature review
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persistent apical periodontitis. We focused on foreign 

bodies, including materials used in endodontic 

treatments, hard tissues and microbial clusters, 

because we often encountered those candidates in 

our routine diagnostic work.

 The most common finding was foreign 

bodies such as root canal filling materials or 

intracanal medicaments (223/1590, 14.0%) (Figure 

1A-D). An extrusion of root canal filling materials 

or intracanal medicaments such as gutta-percha, 

calcium hydroxide formulation6), mineral trioxide 

aggregates7) and endodontic sealers8) were identified 

as sources of these foreign bodies in periapical 

tissues. These materials showed pathologically 

that gutta-percha was a physical factor while 

intracanal medicaments and endodontic sealers were 

chemical factors in radicular cysts and granulomas. 

Immunohistochemically, CD68-positive cells were 

observed in the cyst walls of many foreign body 

cases, indicating that the foreign body reaction had 

occurred (Figure 2A). According to Ioannidis et al., 

mineral deposits induce a foreign body reaction and 

the proliferation of granulation tissue is obvious 

around contact areas with calcium hydroxide6). Kim 

et al. reported a case where overfilling of a calcium 

hydroxide–based paste produced a foreign body 

granuloma without an acute inflammatory reaction9). 

In addition, a mineral trioxide aggregate induced a 

foreign body reaction in the subcutaneous connective 

tissue of rats10). Our results confirmed those reports 

and suggest strongly that the extrusion of intracanal 

medicaments to outside of the apical foramen does 

not lead to the healing of persistent periapical 

lesions, but rather is a cause of radicular cysts and 

granulomas.   

 The second most common observation 

was hard tissue, including cementum and dentin 

(202/1590, 12.7%)(Figure 1E, F). Cracks in the 

cementum on the surface of the apex due to occlusal 

overloading, aging or a previous trauma11)-13), 

and extrusions of dentin debris with/without 

bacterial infections during root canal treatment 

are regarded as causes leading to the formation of 

radicular cysts and granulomas. These hard tissues 

were defined pathologically as a physical factor. 

Immunohistochemically, foreign body reactions 

are recognized because CD68-positive cells were 

observed in the cyst walls of all hard tissue cases 

(Figure 2A). Therefore, these hard tissues in the 

lumens of cysts or cyst walls may be regarded as a 

kind of foreign body.

 The principal reason for the failure of 

endodontic treatment is almost invariably due to a 

bacterial infection14). Cheung reported that bacteria 

might be located within a previously missed or un-

instrumented portion of the root canal, might be 

an infiltrate via a leaky coronal restoration and 

root filling, or might result from contamination 

by an extraradicular infection15). In our study, as 

Figure 2 Results of immunohistochemical staining (hematoxylin 
counter stain).
A: Numerous macrophages positive for CD68 infiltrating the 
cyst wall ( × 100).
B: Lining epithelium expressing β -Defensin 2 ( × 200).
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biological factors, microbial clusters were observed 

in 172/1590 cases (10.8%) (Figure 1G). In particular, 

there were microbial clusters in the space between 

the dentin and gutta-percha (Figure 1H), which 

indicates that the bacteria might infiltrate via a 

leaky root filling. Immunohistochemically, the 

expression of β -Defensin 2 was recognized in the 

lining epithelium of all radicular cyst cases with 

microbial clusters as a protective reaction (Figure 

2B). However, the expression of β -Defensin 2 was 

consistently just a reaction against bacterial infection, 

and therefore, it seemed not to be enough to expel 

the bacteria. Although the details of microbes 

observed in this study were not determined, various 

microbes are regarded as causes of persistent apical 

periodontitis including radicular cysts. For example, 

the genera Actinomyces5)15)-18), Enterococcus and 

Propionibacterium19)20) and Candida albicans5)21)-23) 

have been reported. To eradicate those microbes, 

optimal intracanal medicaments or antibiotics which 

are available for each microbe should be selected 

during the root canal treatment. 

 In conclusion, the results suggest that the 

above-described 3 materials in cystic lumens or 

cyst walls are related to the extrusion of intracanal 

medicaments, cracks in the cementum on the surface 

of the apex by occlusal overloading, the extrusion 

of dentin debris during root canal treatment and/

or bacterial infiltration via leaky root fillings. 

Those materials are typically derived from dental 

treatments. In fact, these iatrogenic factors are 

responsible for the formation of radicular cysts and 

granulomas. To reduce iatrogenic factors, diagnosis 

not only by experience as usual but also by objective 

evaluation and evidence-based treatment, such as 

occlusal equilibration using a bite pressure meter, 

isolation of causative microorganisms by intracanal 

bacterial culture and optimal selection of antibiotics 

based on drug sensitivity tests during root canal 

treatment, are needed for clinical dentistry in the 

future.  
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