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Abstract 

Introduction: to determine the frequency of fenestration and dehiscence bone defects present in maxillary teeth with apical 
periodontitis, mainly in teeth with endodontic treatment, as they are frequently cause of nonspecific symptoms after treat-
ment. Methods: 1201 Maxillary Cone Beam Computed Tomography (CBCT) exams were analyzed and 803 teeth with apical 
periodontitis were selected. Results: of the teeth with apical periodontitis, 142 had a fenestration defect (18%) of which 105 
teeth (74%) were endodontically treated. The highest frequency was observed in premolars, with no statistical differences 
between groups. Dehiscence defect was found in 139 teeth (17%) out of which 90 (65%) were endodontically treated. The 
highest frequency was observed in molars, with statistical differences in relation to other tooth types (p < 0.001). Conclusion: 
an important number of teeth with apical periodontitis present dehiscence or fenestration bone defects, especially in teeth 
with root canal treatment. 

Keywords: cone beam computed tomography, fenestration, dehiscence, maxillary teeth, endodontically treated teeth 

Resumen 

Introducción: determinar la frecuencia de fenestraciones y dehiscencias presentes en dientes maxilares con periodontitis api-
cal, principalmente en dientes con tratamiento de endodoncia, pues frecuentemente son causa de síntomas inespecíficos des-
pués del tratamiento. Métodos: Se examinaron y analizaron 1201 tomografías computarizadas de haz cónico (TCHC), y se 
seleccionaron 803 dientes con periodontitis apical. Resultados: de los dientes con periodontitis apical, 142 presentaban fe-
nestración (18%), de los cuales, 105 dientes (74%) estaban tratados endodónticamente. La mayor frecuencia fue observada 
en premolares, sin diferencias estadísticas entre los grupos. La dehiscencia fue encontrada en 139 dientes (17%), de los cuales 
90 (65%) estaban tratados endodónticamente. La mayor frecuencia fue encontrada en molares con diferencia estadísticas en 
relación con los otros tipos de dientes (p<0,001). Conclusión: un importante número de dientes con periodontitis apical pre-
sentan fenestraciones y dehiscencias, especialmente en dientes con tratamiento de canales radiculares. 

Palabras clave: tomografía computarizada de haz cónico, fenestración, dehiscencia, diente maxilar, diente endodónticamente 
tratado 
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INTRODUCTION 

Apical periodontitis may occur as an evolution of pulpal disease of bacterial etiology, generating patho-

logical changes in apical tissues such as alveolar bone loss. When it is left untreated, this bone loss can 

extend to important anatomical structures, such as the maxillary sinus, nasal floor or sublingual space; 

it may also extend to the cortical surface of the alveolar bone1. Two phenomena that have been scarcely 

studied in endodontics, and that could be associated with apical periodontitis, are fenestration and de-

hiscence bone defects, which are anatomical variations relative to bone morphology. A fenestration is 

an isolated area in which the root of a tooth has bone resorption and it is only covered by periosteum 

and gingival tissues, but maintains an intact marginal ridge. But when the bone resorption involves the 

marginal ridge, it is called a dehiscence2. Etiological factors such as age-related anatomical changes, 

prominent roots, thin alveolar bone, crowding, misalignment and/or tooth function, have been pro-

posed3,4. The presence of apical or periodontal pathosis could also explain the presence of these types 

of defects2,5,6. Fenestration defects are difficult to assess clinically and in endodontically treated teeth 

may be confused with symptomatic periodontitis or other types of orofacial pain, as they can present 

tenderness to sustained apical pressure and discomfort. This could lead to misdiagnosis and overtreat-

ment of teeth with this type of bone defect7,8. 

Diagnosis of bone defects through two-dimensional imaging has its limitations, such as overlapping of 

anatomical structures, underestimation of the presence and size of bone defects and projection or ob-

servational errors9. There is research that shows that funnel-shaped or lingual bone defects cannot be 

detected and that buccal loss of structure can be misdiagnosed9. Three-dimensional imaging, such as 

Cone Beam Computed Tomography (CBCT) offers useful information and its application in clinical prac-

tice has several advantages over conventional tomography, such as lower exposure doses, shorter ac-

quisition time and higher resolution10. A study that compared 2D and 3D imaging of artificial bone de-

fects demonstrated that CBCT had 100% sensitivity for the detection and classification of artificial bone 



 

 

defects, while intraoral X rays had 67% sensitivity9. Moreover, CBCT has shown an absence of image 

distortion and structure overlapping.5 

Apical periodontitis is of the outmost importance in endodontics and its association with fenestration 

and dehiscence bone defects is, to the knowledge of the authors, unknown. The aim of this study was to 

assess the frequency of teeth with apical periodontitis and their association to fenestration and dehis-

cence bone defects, through the use of CBCT, to take into account this anatomical condition in teeth that 

present nonspecific symptoms after endodontic treatment, which induce a misdiagnosis and a bad sug-

gest repetition of root canal treatment. 

 

METHODS 

A descriptive cross-sectional study was conducted, previous approval by the ethics committee of the 

university San Sebastian, resolution 2019-50. The sample consisted of 1201 CBCT images, taken as part 

of the diagnosis or planning of dental treatments between November 2014 and June 2016 in the Begmax 

Radiological Center in Santiago de Chile. The CBCT exams that were included presented maxillary teeth 

with apical periodontitis with or without endodontic treatment of patients between 15 and 91 years of 

age. Third Molars and teeth without coronal structure or with the presence of metallic posts or crowns 

were excluded from analysis. 

The CBCT images were obtained by qualified personnel using a Gendex® CB 500 I-CAT that operates with 

120KVp and 5mA, with pulsed exposure and an effective dose of 36 to 74μSv. Voxel size was 0.2mm and 

slice thickness was 0.2mm. Prior to the image analysis, two observers were subjected to a theoretical 

and practical calibration process, in which each evaluator analyzed ten CBCT images independently un-

der the same conditions of time, light and screen resolution. Ten days later the procedure was repeated 

under the same conditions. With the results obtained, the interobserver agreement was calculated using 

Cohen’s Kappa coefficient, obtaining an agreement of 1 for fenestrations and 0.9 for dehiscence.  

Image observation was performed using the I-CAT Vision in a 32 inches screen with 1080p resolution. 

Each plane was zoomed to 150-200% to obtain a better visualization of the defects. Anterior teeth were 



 

 

evaluated in the sagittal plane (Figure 1) and posterior teeth in the coronal plane (Figure 2), and after 

this, all roots were identified and evaluated throughout its entire length. 

The results were collected and registering gender, age, tooth type, presence or absence of endodontic 

treatment and presence or absence of fenestration and dehiscence bone defects. A descriptive statistical 

analysis was conducted to obtain central tendency measures using Systat v. 13.0 program (STATA Corp. 

Texas, USA). Chi Squared Test and Fisher's Exact Test were used for the association of defect type and 

tooth type. 

Figure 1. Female patient, 50 years of age, presents a fenestration in the mesiobuccal root of tooth 26.

 

Source: by authors 

Figure 2. Female patient, 35 years of age, presents a dehiscence in tooth 21 

 

Source: by authors 



 

 

 

RESULTS 

Of the 1201 CBCT exams evaluated, 510 met the inclusion criteria of which 286 corresponded to women. 

The average age was 41 years (SD 11,44y). The obtained sample consisted of 803 teeth: 281 anterior 

teeth, 261 premolars and 261 molars. Table 1 shows the number of teeth that presented bone defects 

and the frequency in which they presented endodontic treatment. 

Table 1. Frequency of bone defects in teeth with apical periodontitis with or without the presence of root canal treatment 

 TWAP FE %FE DE %DE 

Without RCT 223 37 17 49 22 

With RCT 580 105 18 90 16 

Total 803 142 18 139 17 

TWAP, Tooth with apical periodontitis; FE, Fenestration; DE, Dehiscence; Without RCT, root canal treatment; with 

RCT, root canal treatment 

Source: by authors 

Fenestrations were more frequently found in first premolars (39% for tooth 14 and 30% for 24) with no 

statistical differences between groups, and the larger frequency of dehiscence was found in molars (21%) 

(Table 2), which was statistically significant according to Chi-Squared Test and Fisher’s Exact Test with a 

95% confidence (p< 0.001). Teeth with one root and buccal roots in multi rooted teeth presented the 

highest frequency of bone defects (Table 3).  

Table 2. Tooth type and frequency of bone defects with or without the presence of root canal treatment 

TT NTBD FE FERCT FEWRCT DE DERCT DEWRCT 

A 281 53/19% 34/64% 19/36% 54/19% 35/65% 19/35% 

PM 261 57/22% 46/81% 11/19% 31/12% 22/71% 9/29% 

M 261 32/12% 25/78% 7/22% 54/21% 33/61% 21/39% 

Total 803 142/18% 105/74% 37/26% 139/17% 90/65% 49/35% 

Table 2. TT, Tooth type; A, Anterior; PM, Premolar; M, Molar; NTBD, number of teeth with bone defects; FE, fenestra-

tion; FERCT, Fenestration and root canal treatment; FEWRCT, Fenestration without root canal treatment; DE, Dehis-

cence; DERCT, Dehiscence and root canal treatment; DEWRCT, Dehiscence without root canal treatment 



 

 

Source: by authors 

Table 3. Bone defect by root with or without root canal treatment 

Root FE FERCT FEWRCT DE DERCT DEWRCT 

DB 23 15 8 27 18 9 

MB 29 24 5 44 30 14 

P 7 5 2 32 12 20 

U 73 51 22 73 50 23 

B 37 29 8 12 7 5 

Total 169 124 45 188 117 71 

Table 3. DB, Distobuccal; MB, Mesiobuccal; P, Palatal; U, One rooted tooth; B, Buccal; FE, fenestration; FERCT, Fe-

nestration and root canal treatment; FEWRCT, Fenestration without root canal treatment; DE, Dehiscence; DERCT, 

Dehiscence and root canal treatment; DEWRCT, Dehiscence without root canal treatment 

Source: by authors 

In relation to the presence of bone defects and gender, the highest frequency was found amongst 

women. In association with age, the highest frequency for fenestration was found in women between 

the ages of 51 and 60 and men between the ages of 61 and 70 (Figure 1); for dehiscence was between 

the ages of 41 and 60, for both men and women (Figure 2). 

 

DISCUSSION 

CBCT is one of the best imaging tools available for evaluating bone servings as periodontal support in 

specific areas of interest. A limitation common to all studies that use CBCT for measurements is the 

spatial resolution thin. Delicated structures as the alveolar buccal bone is specially susceptible to the 

partial volume effect. The larger the FOV, the lower the resolution of the image, this can make it very 

difficult to detect thin bone (<1mm).11 

Peterson asserts than CBCT imaging overestimate the presence of dehiscence and fenestration defects,12 

but, Timock found strong agreement between CBCT and direct measurements for buccal bone height 

and thickness, which speaks for the accuracy and reliability of CBCT in measuring these parameters.13  



 

 

Also, Sun showed that under 0,125 mm voxel size, both sensitivity and specificity for dehiscence and 

fenestration were acceptable,14 and showed a higher reliability of measuring the vertical diameter of 

dehiscences and fenestration by CBCT(15) 

The presence of fenestration and dehiscence bone defects was observed in teeth with apical periodon-

titis that may or may not have been endodontically treated. According to the results, 803 teeth with 

apical periodontitis were found in 510 CBCT exams, out of which 281 had a bone defect. These findings 

show that more than a third of the teeth with apical periodontitis presented these types of defects (18% 

for fenestration and 17% for dehiscence). These results are difficult to compare with other studies, since 

we only evaluated teeth with apical periodontitis; but when compared with other studies that evaluated 

bone defects, the percentages are higher than what was observed by Grimoud et al, for fenestration 

10.5%,3 Rupprecht et al, 9% for fenestration and 4.1% for dehiscence6 and Nimigean et al, 12.8% for the 

sum of both defects.2 Our results are generally higher than what was reported in several past studies 

(frequency ranging from 12-29% vs the 35% of teeth with defects observed in this study), which may be 

attributed to the fact that the observation was limited to teeth with apical periodontitis. 

The teeth that most frequently presented fenestrations were premolars (22%), which is consistent with 

what was observed in other studies4,16. In a study by Jang et el, it was observed that the buccal plate was 

thinner in maxillary premolars17, the same in Temple et al for the first premolar, so this higher frequency 

of bone defects in premolars could be of anatomical origin, however, there were no statistical differ-

ences between tooth types.18 The results found in this study do not agree with Rupprecht et al  and 

Nimigean et al, who found that first molars had the highest frequency of fenestrations (37 and 42.6%, 

respectively)2,6nor with Grimoud et al, who found that anterior teeth were the most affected.3 Ethnicity 

may play an important role in these differences, considering different bone structures and the presence 

of malocclusions19, although Grimoud et al,  proposes that the presence of bone defects is transversal 

to populations and time periods.3  

Regarding dehiscence defects, molars presented the highest frequency (21%) (p < 0.001), being tooth 26 

the most affected (35%), followed by anterior teeth (19%; tooth 21, 31%), which is in agreement with 

Rupprecht et al6. However, this does not agree with the results obtained by Nimigean et al, Yagci et al 



 

 

and Evangelista et al, in which the most affected maxillary teeth were canines.2,4,19 Grimoud et al found 

similar results for canines and first molars.3  

Regarding gender, more fenestration and dehiscence defects were found in women than in men (54.2% 

and 50.4%, respectively), which is similar to that reported by Rupprecht et al for African-american fe-

males.6 More fenestrations were found in women ranging from 61 to 70 years of age and more dehis-

cence defects in men and women ranging 41 to 50 years of age. This difference may be attributed to the 

fact that these age groups were the most common amongst the sample involved in this study. In a study 

by Jang et al, it was observed that the distance from apex to buccal surface was smaller in women than 

in men and that this distance appeared to decrease with age.17 This could help explain why more bone 

defects were observed in women and aging patients. On the other hand, Nimigean et al, found a rather 

constant frequency of defects in different age groups and even a slight decrease of fenestrations with 

age.2 Pan et al, also observed a decrease in fenestrations with age, which they inferred could be at-

tributed to tooth loss.16 Temple et al and Pan et al found no significant associations between defects and 

gender.16,18  

Buccal surfaces were the most frequently affected, which is consistent to what was observed in several 

studies3,5,16,19. Buccal bone plate is thinner and less dense than the palatal bone plate; also, buccal roots 

tend to be more divergent than palatal roots, which could also favor a thinner bone layer. Because of 

this, apical periodontitis in one of these roots would be more likely to produce a fenestration or dehis-

cence defect, than a palatal root periodontitis.5 

In relation to endodontic treatment, it was found that 74% of fenestration and 65% of dehiscence defects 

were present in endodontically treated teeth, one rooted-teeth being the most affected. This study lacks 

data of the teeth prior to the endodontic treatment, which prevents us from making assumptions of 

treatment success or failure. This high prevalence of bone defects in endodontically treated teeth with 

apical pathosis, could be because they are repairing, are suffering of delayed repair or the treatment 

failed to create an environment conducive to bone repair. In a study conducted by Yoshioka et al, they 

analyzed CBCT exams of patients with persistent apical lesions in endodontically treated teeth. The most 

common bone lesion observed in maxillary teeth was buccal fenestration (69%).5 Further studies are 



 

 

required to shed a light in the role of fenestration or dehiscence in the prognosis of these types of 

cases.16  

 

CONCLUSIONS 

There is an important number of teeth with apical periodontitis that present fenestration (18%) and 

dehiscence (17%) bone defects, being one rooted-teeth and buccal roots the most affected by them. In 

74% of fenestration defects and 60% of dehiscence defects, the teeth were endodontically treated. 
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