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INTRODUCTION

The diagnosis, localization, and evaluation of periapical bone lesions in dentistry are important during endodontic treatment. Periapical bone 
lesions are frequently seen in dentistry and may lead to tooth loss when not treated. An inflammatory result in periapical tissues occurs against 
agents that cause irritation due to a pulp tissue-originated inflammation. In the concerned region, bone destruction occurs following an acute 
or chronic process. The severity of the acute or chronic onset of inflammation in the periapical region resulting from bone destruction depends 
on the tissue resistance of the organism and intensity of the causative agent (1-3). As the penetration of X-rays is higher in the periapical inflam-
mation area of bone destruction, more X-rays reach the periapical film; therefore, the radiogram appears radiolucent. This radiolucent area is 
separated from the surrounding tissue by the lamina dura or adjacent bone texture, resulting in the formation of a diffuse image (4-7). 

Although periapical lesions can be easily identified on intraoral radiographs in cases where bone destruction progress in the periapical 
region, it is not possible to evaluate in the two-dimensional (2D) graphs whether the existing bone destruction creates any other de-
struction or expansion in the bone cortex from 2D graphs. In such cases, a three-dimensional (3D) imaging technique that removes the 
limitations of 2D radiographs should be used to accurately identify complex endodontic problems. In addition, this assessment improves 
the prognosis of the current treatment pathology and prevents possible bone destruction (8, 9).

Periapical lesions are complex multifactorial pathologies caused by necrotic pulp or failed canal therapy. Due to the fact that they are 
usually asymptomatic, the prognosis negatively affected. Epidemiological studies have shown that periapical lesions affect oral health in 
a large number of populations and that the incidence of periapical lesions is notably high (8-10). 

CLINICAL AND RESEARCH CONSEQUENCES

The frequency of periapical lesions in studies conducted in the United States (39%), Lithuania (39%), Belgium (40%), Canada (44% and 
51%), Kosovo (46.3%), Scotland (51%), Germany (61%), Spain (64.5%), and Turkey (67.9%) were found to be different (10-14).

Abstract
Periapical bone lesions are frequently seen in dentistry and may lead to 
tooth loss when not treated. Dental radiographic imaging is an important 
tool for making an accurate diagnosis and for performing clinical exam-
inations in endodontic treatment. Panoramic and periapical radiographic 
techniques provide adequate information, yet these techniques provide a 
two-dimensional representation of three-dimensional structures. Recently, 
cone-beam computed tomography (CBCT) systems have become avail-
able for the three-dimensional visualization of the craniofacial complex 
and periapical bone lesions, and the evaluation of periapical bone lesions 
with CBCT improves the prognosis of the current treatment pathology and 
prevents possible bone destruction. This article presents periapical bone 
lesions and radiographic features.
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Öz
Periapikal kemik lezyonları dişhekimliğinde sıklıkla görülmekte ve tedavi edil-
mediğinde diş kaybına neden olabilmektedir. Dental radyografik görüntüleme, 
endodonti alanında doğru bir tanı ve klinik muayene için önemli bir araçtır. Peri-
apikal bölgede kemik yıkımının ilerlediği durumlarda periapikal lezyonlar intra-
oral radyografilerde rahatlıkla teşhis edilebilmesine karşın mevcut kemik yıkım-
larının kemik korteksinde herhangi bir destrüksiyon ya da ekspansiyon yaratıp 
yaratmadığını iki boyutlu grafilerde değerlendirmek mümkün olmamaktadır. 
Son zamanlarda kraniyofasiyal kompleksin ve periapikal kemik lezyonlarının üç 
boyutlu olarak değerlendirilmesi için konik ışınlı bilgisayarlı tomografi (CBCT) 
sistemleri kullanılmaktadır. CBCT ile periapikal kemik lezyonlarının değerlendi-
rilmesi mevcut patolojinin prognozunu ve olası kemik yıkımını önlemektedir. 
Bu makalede periapikal kemik lezyonları ve radyografik özellikleri sunulmuştur.
Anahtar Kelimeler: Periapikal lezyon, radyoloji, panoramik radyografi, ko-
nik ışınlı bilgisayarlı tomografi
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A number of cross-sectional and epidemiologic studies have been 
conducted to report the prevalence of periapical lesions with differ-
ent radiographic techniques in various countries (15, 16).

Tsuneishi et al. (15) investigated the prevalence of periapical lesions 
and endodontic treatments in the Japanese society using periapical 
radiography. In the study, 87% of 672 patients had root canal treat-
ment and 70% had periapical lesions. Moreover, root canal treatment 
was performed on 21% of 16232 teeth, and 40% of these teeth had 
periapical lesions. As a result, the prevalence of periapical lesions was 
found to be higher in teeth with root canal treatment.

In a study by Georgopoulou et al. (16), a total of 7378 teeth with root 
canal treatment and periapical lesions in 320 patients (age range, 
16–77 years) in a Greek population were evaluated with periapical 
radiography by two observers. In the study, periapical lesions were 
observed in 1040 teeth (13.6%), and in 680 teeth (9.2%), root canal 
treatment was detected. Periapical lesions were detected in 408 
teeth (60.0%) with root canal treatment. It was reported that the 
prevalence of periapical lesions was most frequent in molar teeth 
(23.9%), followed by premolar (14.0%) and anterior (9.4%) teeth.

In endodontic treatment, the diagnosis is based on a patient’s anam-
nesis, radiographs, and whether related teeth are vital. Furthermore, 
in some cases, radiography is not sufficient, and a histopathological 
evaluation is required (6, 17, 18).

Saraf et al. (6) evaluated periapical lesions in the images of 30 patients 
included in their study using intraoral radiography and a histopatho-
logical examination. A correlation between radiography and the his-
topathologic examination was seen only in 30% of the patients, and 

25% of the patients required the histopathological examination to 
confirm the results. Therefore, it is suggested that for confirmation 
of lesions, a histopathological examination accompanied by radio-
graphic interpretation is required.

Several studies reporting successful root canal treatment have reported 
in the literature (17-20). Soikkonen et al. (19) evaluated images of 133 
patients (45 males and 88 females, mean age: 76 years) using periapical 
radiography. Periapical lesions were detected in 16% of teeth with root 
canal treatment and in 4% of teeth with no treatment (p<0.0001). 

Tronstad et al. (20) evaluated coronal restoration in relation to the 
root canal filling and periapical status. The radiographic quality of 
root canal treatment was compared with the coronal restoration 
quality of endodontically treated teeth using 1001 periapical radio-
graphs, and it was determined that periapical radiography was im-
portant in assessing the periapical condition.

One of the important factors affecting the success of root canal treat-
ment and, thus, the formation of periapical lesions is the radiograph-
ic technique used. Peripheral radiography that is used in dentistry 
before, during, and after root canal treatment can reveal important 
findings such as root canal size, localization of the filling material, and 
pathologies around periapical tissues.

Hommez et al. (21) evaluated the quality of root canal treatment by 
performing periapical radiography of 745 teeth. The treatment qual-
ity and periapical status are categorized in terms of the presence or 
absence of periapical lesions. The study also examined the relation-
ship between coronal restoration and the periapical status. Periapical 
lesions were detected in 33% of the 745 teeth. While periapical le-
sions were detected in 33.1% of the teeth with sufficient restoration, 
it was determined that this value was 36.8% in teeth with insufficient-
ly applied crowns. Root canal posts were found to have no effect on 
the periapical status, but the length and homogeneity of the root ca-
nal filling was found to have a significant effect on periapical lesions.

Periodically obtaining radiographic images is important in the fol-
low-up of root canal treatment. The periapical index (PAI) scoring 
system, which was introduced by Ørstavik et al. (22), who also ap-
plied PAI in clinical trials, demonstrates an ordinal scale of five scores 

Table 1. Description of periapical index scores

Score Description of radiographic findings

1 Normal periapical structures

2 Small changes in the bone structure

3 Change in the bone structure with mineral loss

4 Periodontitis with a well-defined radiolucent area

5 Severe periodontitis with exacerbating features

Figure 1. Periapical index scoring system [Ørstavik et al. (22)]
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ranging from no disease to severe periodontitis with exacerbating 
features (Figure 1, Table 1). Today this scoring system is commonly 
used in epidemiological studies in the literature (10, 23-25).

An important advantage of a scoring system such as PAI is that it has 
individual reproducibility and can be used to compare various inves-
tigations, Marques et al. (26) evaluated the panoramic radiographs 
of 179 subjects aged 30–39 years, and they found periapical lesions 
in 27% of the subjects. A total of 4446 teeth were evaluated, and the 
average number of teeth was 24.8 among the subjects. In addition, 
more than one periapical lesion (PAI score of 3–5) were found in 47 
subjects (26%), and root canal treatment was performed once or 
more in 39 subjects (22%). It was also stated in that study that the PAI 
scoring system is useful for evaluating periapical lesions.

In a cross-sectional study by Archana et al. (27), 30098 teeth of 1340 
patients were imaged by panoramic radiography and evaluated with 
the PAI scoring system. In the study, periapical lesions were detected 
in 462 (37.4%) of 1234 teeth with root canal treatment. It has also 
been reported that the 2D imaging technique yields less reliable 
results in the detection of periapical lesions than 3D imaging tech-
niques. The study also revealed that that PAI scoring system provides 
a significant facility in terms of periapical lesion evaluation.

In another study in the literature, a total of 314 patient’s periapical radio-
graphs were evaluated (28) using the PAI scoring system. In this study, 
7694 teeth were evaluated, and it was detected that root canal treat-
ment was performed on 412 teeth (5.3%). No periapical lesions were 
detected in 232 (56.3%) teeth with root canal treatment; in 180 (43.6%) 
teeth with root canal treatment, periapical lesions were observed.

Craveiro et al. (29) evaluated the relationship between the periapical 
status and the root canal treatment quality in a retrospective study. 
In the study, 523 teeth with root canal treatment in 337 patients (122 
males and 215 females) were clinically and radiographically evaluat-
ed. The study group consisted of 83 patients (24.5%) between the 
ages of 18 and 30 ages and 161 patients (47.7%) between the ages 
of 31 and 50 years. Periapical radiography and the PAI scoring sys-
tem were used for radiographic evaluation. The periapical status of 
212 teeth (PAI 1+PAI 2) was found to be healthy, while periapical le-
sions were found in 311 teeth (PAI 3+PAI 4+PAI 5) in the study. The 
researchers concluded that with the help of the PAI scoring system, 
there is a correlation between the presence of periapical lesions and 
the success of root canal treatment.

Ridao-Sacie et al. (30) evaluated the periapical status using PAI by 
periapical and panoramic radiographic techniques in their study. In 
86 patients (38 males and 48   females) between the ages of 30 and 
79 years, a total of 2088 tooth images were evaluated, and it was de-
termined that periapical radiography was more effective. However, it 
was reported that periapical radiographs were more difficult to eval-
uate in the maxillary second molar teeth and maxillary and mandib-
ular third molar teeth (p<0.01).

2D radiographs have disadvantages in the detection of periapical 
lesions due to the superposition of anatomical points (31-33). Peri-
apical lesions can be correctly detected with cone beam computed 
tomography (CBCT) by 3D multiplanar images as the superposition 
of anatomical points is eliminated with this imaging technique.

The CBCT–PAI scoring system was created by adding two variables, 
cortical bone expansion and destruction, to the existing PAI scoring 
system (Table 2). In a technical report published by Esposito et al. 
(32), a periapical radiograph and a CBCT image of a periapical lesion 
in a tooth with root canal treatment in a 52-year-old female were ob-
tained. Periapical radiography evaluation was performed using PAI 
scoring. Immediately after, three separate sections (coronal, sagittal, 
and axial) obtained from the CBCT image were evaluated, and it was 
reported that buccal bone destruction was present. The authors of 
this technical report have stated that more reliable and sensitive data 
can be obtained in the detection of periapical lesions by 3D radiog-
raphy.

Lemagner et al. (34) evaluated periapical lesions with CBCT imaging 
in their study. In the study, CBCT images (0.2×0.2×0.2 voxel) of 2368 
teeth were examined, and periapical lesions were detected in 8.6% 
of the total teeth and 40.8% of the endodontically treated teeth. 
The most common periapical lesion diameter was 2–4 mm (39.2%) 
(CBCT–PAI score: 3). From this study, it was reported that CBCT im-
aging enables obtaining the most accurate data when periapical le-
sions are detected and evaluated in three dimensions.

In a study conducted by Fernandes et al. (35), 5585 teeth were as-
sessed by CBCT. Ninety-two males and 124 females (mean age: 
41.5±16.8 years) were included. In this study, the detection of peri-
apical lesions was performed using CBCT and the CBCT–PAI scoring 
system. Periapical lesions were found in 110 patients (51.4%) and 192 
teeth (3.4%). The incidence of periapical lesions was reported to be 
higher in patients in the 60–69-year age group than in the other age 
groups (73.1%). There was no statistical significance in the periapi-
cal lesion prevalence between males and females. In all three planes 
(coronal, sagittal, and axial), the largest diameter of the lesion was 
detected and the CBCT–PAI score was measured as 3. This study also 
reported that 76.2% of the patients did not have a cortical bone per-
foration.

Khetarpal et al. (36) evaluated the periapical lesion healing process 
using the CBCT–PAI scoring system. As a result of the clinical and ra-
diographic examination of tooth number 21, a periapical lesion was 
detected in 3D cross-sectional images obtained using CBCT. When 
evaluation in the coronal, sagittal, and axial planes was performed, 
expansion and destruction of the cortical bone were observed and 
the pre-operative CBCT–PAI score was measured as 5+E+D. As a re-
sult of the study, it is stated that the CBCT–PAI scoring system pro-
vides more accurate data in the detection of periapical lesions.

Table 2. Periapical index scoring system adapted for CBCT (CBCT-PAI)

Score Periapical index adapted for CBCT (CBCT-PAI)

0 Intact periapical bone structures

1 Diameter of periapical radiolucency>0.5–1 mm

2 Diameter of periapical radiolucency>1–2 mm

3 Diameter of periapical radiolucency>2–4 mm

4 Diameter of periapical radiolucency>4–8 mm  

5 Diameter of periapical radiolucency>8 mm

(n)+E Expansion of the periapical cortical bone

(n)+D Destruction of the periapical cortical bone

CBCT: cone-beam computed tomography; PAI: periapical index
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Pope et al. (37) investigated periapical tissues using CBCT and peri-
apical radiography. In the study, 200 teeth from 68 patients were 
evaluated using the CBCT–PAI and PAI scoring systems. CBCT–PAI 
scores measured were higher in 119 (72%) teeth than the PAI score. 
As a result, it was reported that the diversity seen in periapical tissues 
of the teeth can be visualized and evaluated in detail by CBCT.

CONCLUSION

The diagnosis of periapical bone lesions and the localization and 
assessment of the endodontic treatment plan are important in den-
tistry. An essential component of the management of endodontic 
problems is radiography. Traditional radiographic techniques such 
as panoramic radiography provide adequate information, yet these 
techniques provide a 2D representation of 3D structures. For several 
clinical and investigational purposes, CBCT has been used in end-
odontic treatment. 
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