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Abstract 

 
Background:  
The integrity and thickness of the buccal cortical plate are important considerations in dental implant treatment. Defects such 
as buccal bone dehiscence and fenestration may compromise peri-implant hard-tissue support. Cone-beam computed 
tomography (CBCT) enables three-dimensional (3D) assessment of these anatomical changes. 
Aim:  
The present study aimed to evaluate the prevalence and characteristics of buccal bone dehiscence and fenestration around 
dental implants using CBCT and to compare the occurrence of these defects between maxillary and mandibular implant sites. 
Materials and Methods: 
A total of 100 implant sites were assessed using CBCT images. The sites were evaluated for the presence or absence of buccal 
bone dehiscence and fenestration. Buccal bone thickness and the dimensions of identified defects were measured using 
multiplanar CBCT sections. The distribution of defects between maxillary and mandibular sites was also analyzed. Appropriate 
statistical tests were applied to determine associations and differences between the evaluated parameters. 
Results:  
Buccal bone dehiscence was identified more frequently in mandibular implant sites than in maxillary sites. Dehiscence was 
present in 15 of 40 mandibular sites (37.5%) compared with 9 of 60 maxillary sites (15.0%), and the difference was statistically 
significant. Sites with buccal bone dehiscence demonstrated reduced buccal bone thickness compared with sites without 
dehiscence. Buccal bone fenestrations were also identified and their dimensions were recorded using CBCT measurements. 
Conclusion:  
CBCT provides valuable 3D information for identifying and measuring buccal cortical bone defects around dental implants. The 
greater frequency of dehiscence in mandibular sites and its association with reduced buccal bone thickness emphasize the 
importance of assessing the facial cortical plate during implant evaluation and treatment planning. 
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Introduction 
Dental implants have become an important option for replacing missing teeth and can provide favorable functional 
and esthetic outcomes when appropriate treatment planning is undertaken. The long-term success of implant 
therapy is influenced by adequate peri-implant hard- and soft-tissue support, with the facial cortical plate playing 
an important role in maintaining bone volume and tissue architecture around the implant [1]. 
Adolescents require particular consideration when implant-supported rehabilitation is planned because 
craniofacial and alveolar development may still be ongoing. Unlike natural teeth, osseointegrated implants are 
ankylosed to the surrounding bone and do not adapt to growth-related changes or the eruption and positional 
movement of adjacent teeth. Implant placement before completion of growth may therefore lead to 
infraocclusion, positional discrepancies, and subsequent esthetic or functional complications. Accordingly, 
comprehensive evaluation of skeletal maturity, alveolar development, and the quantity and integrity of the facial 
cortical bone is essential before implant treatment is considered in adolescent patients [2]. 
The morphology and dimensions of the alveolar ridge can also influence the amount of bone available around an 
implant. A narrow facial cortical plate or inadequate buccolingual ridge width may increase the possibility of 
incomplete facial bone coverage. Buccal bone dehiscence describes loss of the facial cortical plate extending from 
the marginal region along the implant surface, whereas fenestration represents a localized window of bone loss 
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with preservation of the marginal cortical bone. These defects may be influenced by implant diameter, implant 
position and angulation, ridge morphology, and the relationship between the implant and the facial cortical 
boundary [3, 4]. 
Identification of these osseous defects is important because insufficient facial bone coverage may affect the 
stability and dimensional maintenance of peri-implant tissues. Conventional periapical and panoramic radiographs 
provide useful information regarding implant position and crestal bone levels but have inherent limitations in 
evaluating the buccal and lingual surfaces because of their two-dimensional (2D) representation [5]. 
Cone beam computed tomography (CBCT) has enabled three-dimensional (3D) assessment of implant sites and 
surrounding osseous anatomy. It allows evaluation of buccolingual ridge dimensions, cortical bone thickness, bone 
height, implant position, and the relationship between implants and adjacent anatomical structures. This 
additional information can facilitate detection and characterization of facial cortical defects that may not be clearly 
demonstrated on conventional radiographs [6]. 
The diagnostic value of CBCT for peri-implant bone assessment has been investigated in relation to the detection 
and measurement of facial bone defects. 3D imaging may provide more detailed visualization of cortical 
discontinuities and the extent of bone coverage; however, image quality, voxel dimensions, acquisition 
parameters, and artifacts produced by metallic implant components can influence the accuracy of radiographic 
interpretation [7]. 
Evaluation of the facial bone envelope is particularly relevant in adolescent patients because implant placement 
must be considered in the context of continuing dentoalveolar changes. A localized cortical defect identified on 
CBCT may provide information about the existing peri-implant bone condition and may assist in evaluating the 
adequacy of facial bone coverage during treatment planning [8]. 
Despite the increasing application of 3D imaging in implant dentistry, studies specifically addressing the occurrence 
and radiographic characteristics of buccal bone dehiscence and fenestration around dental implants in adolescents 
remain relatively limited. Most available evidence has been generated from adult populations, and the influence of 
younger age and developing alveolar anatomy on these defects has not been adequately characterized. Further 
investigation is therefore warranted to establish the distribution of these defects and their relationship with 
relevant implant and anatomical characteristics [9]. 
Therefore, the present study was designed to evaluate buccal bone dehiscence and fenestration around dental 
implants in adolescents using CBCT. The study aims to determine the prevalence and distribution of these osseous 
defects and to assess their association with relevant implant-related and anatomical parameters, thereby 
contributing to improved radiographic evaluation and individualized implant treatment planning in adolescent 
patients. 
 

Materials and Methods 
 
Study Design and Sample 
A cross-sectional observational study was conducted at a single tertiary care centre from October to December 
2025 to evaluate buccal cortical bone defects around dental implants using CBCT. A total of 100 adolescent 
participants, aged 10–19 years, were included in the study. Each participant contributed a single dental implant 
site, resulting in a total of 100 implant sites for evaluation. Of these, 60 implant sites were located in the maxilla 
and 40 in the mandible. 
 
Inclusion Criteria 

• Adolescent patients aged 10–19 years who had dental implants placed in the maxillary or mandibular arch 

• Implant sites with adequate-quality CBCT images suitable for evaluation of the buccal cortical plate 

• Sites containing a clinically or radiographically identifiable dental implant 

• Implant sites located in either the maxilla or mandible 

• CBCT scans showing the entire implant and the surrounding buccal cortical bone clearly 

• Images allowing assessment of buccal bone thickness, dehiscence, and fenestration 

• Sites with sufficient image quality to permit reliable linear measurements of buccal cortical bone 
thickness and defect dimensions 
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Exclusion Criteria 

• CBCT scans with poor image quality or excessive motion artifacts 

• Implant sites in which the buccal cortical plate could not be clearly visualized 

• Images with severe metallic artifacts obscuring the implant–bone interface 

• Sites with incomplete visualization of the implant or surrounding alveolar bone 

• Patients with a history of major trauma, extensive bone pathology, or surgical alteration affecting the 
implant region 

• Sites with extensive peri-implant bone destruction that prevented reliable assessment of the buccal 
cortical plate 

• Duplicate or repeated CBCT examinations of the same implant site 

• Images in which accurate measurement of buccal bone thickness or defect dimensions was not possible 
 
CBCT Acquisition Protocol 
CBCT examinations were performed using the Carestream CS 9300 CBCT unit (Carestream Dental, Rochester, NY, 
USA). The field of view (FOV) was 10 × 10 cm, with a voxel size of 0.18 mm. The exposure parameters were set at 
90 kV, 10 mA, and 8 seconds, according to the imaging protocol used for the selected patients. 
Patients were positioned according to the manufacturer's recommended protocol, with the head stabilized and the 
occlusal plane oriented parallel to the horizontal reference plane. Images were acquired with the patient in a 
seated position, and instructions were provided to minimize movement during scanning. 
 
CBCT Image Assessment 
The selected implant sites were evaluated using multiplanar reconstructed CBCT images. The buccal cortical plate 
adjacent to each implant was examined for the presence of buccal bone dehiscence and fenestration. Buccal bone 
dehiscence was defined as a loss or absence of the buccal cortical plate extending from the crestal region along the 
implant surface. Buccal bone fenestration was defined as a localized area of cortical bone deficiency involving the 
implant surface, with preservation of the surrounding crestal and apical cortical bone. 
 
Image Reconstruction and Measurement 
The acquired CBCT datasets were analyzed using Carestream CS 3D Imaging software, version 3.10. Multiplanar 
reconstructed images, including axial, sagittal, and coronal sections, were used for evaluation. The long axis of 
each implant was identified and used as the principal reference axis for standardized assessment. Buccal bone 
thickness was measured on cross-sectional images at predefined levels along the implant. Measurements were 
obtained from the outer surface of the implant to the external surface of the buccal cortical plate. All 
measurements were recorded in millimetres. Where applicable, measurement lines were positioned perpendicular 
to the long axis of the implant to ensure standardized assessment of buccal bone thickness. 
 
Assessment of Buccal Bone Dehiscence 
Buccal bone dehiscence was defined as a loss or absence of the buccal cortical plate extending from the crestal 
aspect toward the implant surface. The presence or absence of dehiscence was recorded for each implant site. For 
sites demonstrating dehiscence, the vertical extent of the defect was measured from the crestal bone margin to 
the most apical extent of the exposed implant surface along the implant long axis. The measurements were 
recorded in millimetres. 
 
Assessment of Buccal Bone Fenestration 
Buccal bone fenestration was defined as a localized area of buccal cortical bone loss involving the implant surface, 
with preservation of the surrounding crestal and apical cortical bone. The presence or absence of fenestration was 
recorded for each implant site. For sites demonstrating fenestration, the fenestration width was defined as the 
greatest horizontal dimension of the cortical bone defect, measured according to the orientation of the defect. The 
fenestration depth was defined as the greatest distance from the outer surface of the implant to the external 
boundary of the remaining buccal cortical bone at the site of the defect. All measurements were recorded in 
millimetres. Measurements were performed on multiplanar reconstructed CBCT images, using the cross-sectional, 
sagittal, and coronal views in which the fenestration was most clearly visualized. The implant long axis was used as 
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the principal reference axis, and measurement lines were positioned perpendicular to the implant long axis 
wherever applicable. 
 
For each fenestration, the reconstructed sections were reviewed to identify the section demonstrating the 
greatest extent of the defect. The maximum measurable width and depth observed across the relevant sections 
were recorded in millimetres and used for statistical analysis. 
 
Observer Assessment and Calibration 
CBCT image evaluation was performed by two observers experienced in dentomaxillofacial radiology. Before the 
formal assessment, the observers underwent a calibration exercise using 10 representative CBCT cases (10% of the 
total sample) to standardize the identification and measurement of buccal bone defects. For assessment of 
measurement reliability, 20 CBCT scans (20% of the total sample) were randomly selected and re-evaluated by the 
same observers after a 2-week interval. Intra-observer and inter-observer agreement were assessed using the 
intraclass correlation coefficient (ICC) for continuous measurements and Cohen's kappa coefficient for categorical 
assessments, including the presence or absence of dehiscence and fenestration. 
 
Blinding 
The observers were blinded to the clinical information and other study variables during CBCT assessment. Image 
evaluation was performed using coded datasets to minimize potential observer bias. 
 
Assessment of Buccal Bone Thickness 
Buccal cortical bone thickness was measured at standardized locations adjacent to the implant using CBCT cross-
sectional images. Measurements were recorded in millimetres. The presence of cortical defects was assessed in 
relation to the measured buccal bone thickness. 
 
Assessment of Bone Defects 
For implant sites demonstrating buccal bone dehiscence or fenestration, the location and extent of the defect 
were evaluated. The dimensions of fenestrations, including width and depth, were measured on CBCT images. The 
distribution of dehiscence and fenestration was subsequently compared according to implant location. 
 
Maxillary and Mandibular Comparison 
The implant sites were categorized according to their location in the maxilla or mandible. The frequency of buccal 
bone dehiscence and fenestration was compared between the two groups to identify differences associated with 
jaw location. Regional variations in the occurrence of cortical defects were also evaluated. 
 
Statistical Analysis 
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), IBM SPSS 
Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables, including age and buccal 
bone thickness, were expressed as mean ± standard deviation (SD), whereas categorical variables were 
summarized as frequencies and percentages. The Chi-square test was used to assess the association between 
implant location and the presence of buccal bone dehiscence or fenestration. An independent-samples t-test was 
used to compare buccal bone thickness between implant sites with and without dehiscence. Intra-observer and 
inter-observer reliability were assessed using ICC and Cohen's kappa coefficient, as appropriate. A two-sided p-
value < 0.05 was considered statistically significant. mention each participant has single implant site. 
 

Results 
Table 1 & Figure 1 present the demographic characteristics of the study population.  A total of 100 
participants/implant sites were evaluated in the present study, representing the complete study sample. The mean 
age was 16.4 ± 1.4 years. Among the participants, 54 (54.0%) were male and 46 (46.0%) were female, 
demonstrating a marginally higher proportion of male participants.   
 
Table 1:  Study population and demographic characteristics 
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Parameter n Percentage / Mean ± SD 

Total participants/implants 100 100.0% 

Age (years) — 16.4 ± 1.4 

Male 54 54.0% 

Female 46 46.0% 

 
Figure 1:  Gender distribution of the study participants 

 
Table 2 & Figure 2 show the anatomical distribution of the 100 dental implants evaluated in the study. The 
maxillary anterior region had the highest number of implants, comprising 35 (35.0%) of the total. The maxillary 
posterior and mandibular posterior regions each accounted for 25 implants (25.0%). The mandibular anterior 
region had the lowest representation, with 15 implants (15.0%). Overall, 60 implants (60.0%) were placed in the 
maxilla, while 40 implants (40.0%) were located in the mandible. 
 
Table 2: Distribution of dental implants according to site 

Implant site n % 

Maxillary anterior 35 35% 

Maxillary posterior 25 25% 

Mandibular anterior 15 15% 

Mandibular posterior 25 25% 

Total 100 100.0% 
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Male Female

35%

25%

15%
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Maxillary anterior Maxillary posterior

Mandibular anterior Mandibular posterior



 

1845 
 

Adolescencia e Saude, vol. 21, No.6s, p. 1840-1852 

Figure 2:  Anatomical distribution of dental implants according to the maxillary and mandibular anterior and 
posterior regions 
 
Table 3 & Figure 3 present the CBCT-based assessment of buccal bone defects at the 100 implant sites included in 
the study. Buccal bone dehiscence was the most commonly detected finding, occurring at 24 sites (24.0%), 
followed by buccal bone fenestration, which was identified at 12 sites (12.0%). Both defects were simultaneously 
present at 5 sites (5.0%). Overall, 31 implant sites (31.0%) exhibited at least one form of buccal bone defect, 
whereas 69 sites (69.0%) showed no evidence of either dehiscence or fenestration on CBCT examination. These 
findings indicate that most implant sites had no detectable buccal bone defects, with dehiscence occurring more 
frequently than fenestration in the study population. 
 
Table 3:  Overall CBCT prevalence of buccal bone dehiscence and fenestration 

CBCT finding n % 

Dehiscence 24 24.0% 

Fenestration 12 12.0% 

Both dehiscence and fenestration 5 5.0% 

At least one defect 31 31.0% 

Neither defect 69 69.0% 

 
 

 
Figure 3: CBCT-based distribution of buccal bone dehiscence and fenestration among the evaluated dental implant 
sites 
 
Table 4 & Figure 4 present the CBCT-based assessment of buccal bone dehiscence across the evaluated implant 
sites. Dehiscence was identified in 24 of 100 implant sites (24.0%). The highest prevalence was recorded in the 
mandibular anterior region, particularly among the incisors, where 9 of 15 sites (60.0%) exhibited dehiscence. In 
the mandibular posterior region, dehiscence was detected in 6 of 25 sites (24.0%). In the maxilla, dehiscence was 
observed in 3 of 35 anterior sites (8.6%) and 6 of 25 posterior sites (24.0%). Overall, buccal bone dehiscence 
occurred more frequently in mandibular implant sites, with the greatest site-specific prevalence observed in the 
mandibular anterior region. 
 
Table 4:  Site-wise distribution of buccal bone dehiscence 

24.00%

12.00%

5.00%

31.00%

69.00%

Dehiscence Fenestration Both dehiscence and

fenestration

At least one defect Neither defect
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Site Dehiscence, n (%) No dehiscence, n (%) 

Maxillary anterior 3 (8.6%) 32 (91.4%) 

Maxillary posterior 6 (24.0%) 19 (76.0%) 

Mandibular anterior 9 (60.0%) 6 (40.0%) 

Mandibular posterior 6 (24.0%) 19 (76.0%) 

Total 24 (24.0%) 76 (76.0%) 

 
Figure 4:  Regional distribution of buccal bone dehiscence among dental implant sites based on CBCT evaluation 
 
Table 5 & Figure 5 present the site-wise distribution of buccal bone fenestration among the 100 implant sites 
evaluated using CBCT. Buccal bone fenestration was identified in 12 sites (12.0%), whereas 88 sites (88.0%) 
showed no evidence of fenestration. The maxillary posterior region demonstrated the highest site-specific 
prevalence of fenestration, with 4 of 25 sites (16.0%) affected. This was followed by the maxillary anterior region, 
where fenestration was observed in 5 of 35 sites (14.3%). In the mandible, fenestration was detected in 1 of 15 
mandibular anterior sites (6.7%) and 2 of 25 mandibular posterior sites (8.0%). Overall, fenestration was observed 
more frequently in the maxilla (15.0%) than in the mandible (7.5%). Thus, the highest site-specific prevalence was 
recorded in the maxillary posterior region, while the mandibular anterior region showed the lowest prevalence. 
 
Table 5:  Site-wise distribution of buccal bone fenestration 

Site Fenestration, n (%) No fenestration, n(%) 

Maxillary anterior 5 (14.3%) 30 (85.7%) 

Maxillary posterior 4 (16.0%) 21 (84.0%) 

Mandibular anterior 1 (6.7%) 14 (93.3%) 

Mandibular posterior 2 (8.0%) 23 (92.0%) 

Total 12 (12.0%) 88 (88 

8.57%

24.00%

60.00%

24.00%
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76.00%

40.00%

76.00%

Maxillary

anterior

Maxillary
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Mandibular

anterior

Mandibular

posterior

Dehiscence (%) No dehiscence (%)
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Figure 5: Site-wise distribution of buccal bone fenestration among dental implant sites based on CBCT assessment 
 
Table 6 & Figure 6 compare the prevalence of buccal bone dehiscence and fenestration between maxillary and 
mandibular implant sites. Buccal bone dehiscence was more frequently detected in the mandible, affecting 15 of 
40 sites (37.5%), compared with 9 of 60 maxillary sites (15.0%). This difference was statistically significant (χ² = 
6.66, p = 0.010). In contrast, buccal bone fenestration occurred more often in the maxilla, being identified in 9 of 
60 sites (15.0%), compared with 3 of 40 mandibular sites (7.5%). However, this difference did not reach statistical 
significance (χ² = 1.28, p = 0.258). Overall, buccal bone dehiscence demonstrated a significantly greater occurrence 
in mandibular implant sites, with the highest frequency noted in the mandibular anterior region. Buccal bone 
fenestration was more commonly observed in maxillary sites, particularly in the canine and molar regions, 
although the difference between the arches was not statistically significant. 
 
Table 6: Comparison of maxillary and mandibular sites 

Defect Maxilla n/N (%) Mandible n/N (%) χ² p-value 

Dehiscence 9/60 (15.0%) 15/40 (37.5%) 6.66 0.010 

Fenestration 9/60 (15.0%) 3/40 (7.5%) 1.28 0.258 

 

 
Figure 6: Comparison of the prevalence of buccal bone dehiscence and fenestration between maxillary and 
mandibular implant sites 
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Table 7 & Figure 7 present the CBCT-based comparison of buccal bone thickness between implant sites with and 
without dehiscence. The mean buccal bone thickness was substantially lower at sites exhibiting dehiscence (0.72 ± 
0.15 mm) than at sites without dehiscence (1.39 ± 0.32 mm). The observed mean difference was 0.67 mm, 
indicating a considerable reduction in buccal bone thickness at sites affected by dehiscence. This difference was 
statistically significant (t = −9.894, p < 0.001), demonstrating that implant sites with buccal bone dehiscence had 
significantly thinner buccal bone than sites without detectable dehiscence on CBCT examination. 
 
Table 7:  Buccal bone thickness in sites with and without dehiscence 

Group n 
Buccal Bone Thickness 

(mm), Mean ± SD 
Mean Difference (mm) t-value p-value 

Dehiscence present 24 0.72 ± 0.15 
0.67  −9.894  <0.001  

Dehiscence absent 76 1.39 ± 0.32 

 

 
Figure 7: Comparison of mean buccal bone thickness between implant sites with and without buccal bone 
dehiscence based on CBCT assessment 
 
Table 8 & Figure 8 present the dimensions of buccal bone fenestrations identified on CBCT examination. Among 
the 12 implant sites exhibiting fenestration, the mean fenestration width was 2.02 ± 0.61 mm, with values ranging 
from 0.9 to 3.0 mm. The mean depth/vertical extent of the defects was 3.09 ± 0.79 mm, with a range of 1.8 to 4.5 
mm. These findings indicate that the fenestrations generally exhibited a greater vertical extent than transverse 
width, suggesting that the defects predominantly extended along the vertical dimension of the buccal alveolar 
bone. 
 
Table 8:  Dimensions of buccal bone fenestrations 

Parameter n Mean ± SD (mm) Range 

Fenestration width 12 2.02 ± 0.61 0.9–3.0 

Fenestration depth/vertical extent 12 3.09 ± 0.79 1.8–4.5 

 
 

0.72

1.39

Dehiscence present Dehiscence absent
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Figure 8: Mean dimensions of buccal bone fenestrations, including width and depth/vertical extent, based on CBCT 
assessment 
 

Discussion 
The present study investigated buccal cortical bone dehiscence and fenestration around dental implants in 
adolescent patients using CBCT. Both types of facial cortical defects were identified in the evaluated implant sites, 
with dehiscence occurring more frequently than fenestration. A considerable proportion of implant sites 
demonstrated at least one form of buccal cortical defect. These findings highlight the importance of 3D imaging for 
evaluating the facial peri-implant bone, particularly because thin or discontinuous cortical areas may not be 
adequately appreciated on conventional 2D radiographs. 
The facial cortical plate represents an important component of peri-implant hard-tissue architecture. González-
Martín et al. (2016) [10], in an experimental computed tomography (CT) study, examined the relationship between 
implant position and the surrounding buccal bone and emphasized the relevance of facial bone thickness in peri-
implant assessment. Their observations support the need to evaluate the facial bony envelope when assessing 
implant position and surrounding anatomy. Consistent with this principle, the present study demonstrated that 
implant sites affected by dehiscence had thinner buccal bone than sites without dehiscence. This finding suggests a 
close anatomical relationship between reduced facial bone thickness and the occurrence of cortical dehiscence. 
Nevertheless, because the present investigation was cross-sectional, this association should not be interpreted as 
evidence of a direct causal relationship. 
The distribution of buccal dehiscence also differed between the maxilla and mandible, with the defect being more 
commonly identified at mandibular implant sites. The mandibular anterior region demonstrated the greatest 
regional occurrence of dehiscence. This pattern may be related to variations in facial cortical anatomy, alveolar 
ridge dimensions, implant positioning, or the proximity of the implant to the facial cortical boundary. However, 
these potential contributing factors were not specifically examined in the present study. Therefore, the regional 
distribution observed should be interpreted as an anatomical observation rather than evidence that any particular 
factor was responsible for the development of dehiscence. 
The spatial relationship between an implant and the surrounding facial bone is particularly important because an 
implant positioned close to the cortical boundary may have inadequate buccal bone coverage. CBCT allows 
visualization of the implant and surrounding structures in multiple planes, thereby facilitating assessment of the 
3D relationship between the implant and the facial cortical plate. Schubert et al. (2019) [11] discussed digital 
implant planning and guided surgical approaches that enable 3D assessment and accurate transfer of planned 
implant positions. Although their investigation focused primarily on digital planning and guided implant placement 
rather than cortical defects, their findings reinforce the importance of 3D evaluation during implant assessment. 

2.02

3.09

Fenestration width Fenestration depth/vertical extent
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Fenestration demonstrated a different distribution pattern from dehiscence, being observed more frequently in 
the maxilla than in the mandible. However, the difference between the jaws was not statistically significant. The 
greatest occurrence was noted in the maxillary posterior region. Therefore, the apparent predominance of 
fenestration in the maxilla should be considered a descriptive observation rather than evidence of a significant 
relationship between fenestration and jaw location. The morphological evaluation of the fenestrations showed 
that these defects varied in their dimensions and configuration. In general, the defects demonstrated greater 
vertical extension than transverse width, suggesting that the cortical deficiencies tended to extend along the 
vertical aspect of the implant rather than predominantly in the horizontal direction. Distinguishing fenestration 
from dehiscence is clinically important because the two defects represent different patterns of cortical 
involvement. Fenestration refers to a localized area of cortical bone loss in which the marginal portion of the 
cortical plate remains intact, whereas dehiscence involves an extension of the defect toward the crestal aspect of 
the alveolar bone. 
Variations in peri-implant bone-defect morphology have also been described by Monje et al. (2019) [12], who 
reported differences in the configuration and severity of bone defects associated with peri-implant disease. 
Although their population and clinical context were different from those of the present study, their findings 
support the concept that peri-implant bone defects can exhibit diverse morphological patterns. Accordingly, 
evaluating the location, configuration, and extent of a cortical defect may provide more useful anatomical 
information than simply recording whether a defect is present or absent. The present study adopted a similar 
approach by examining the distribution and morphology of buccal cortical defects. 
The importance of maintaining peri-implant hard and soft tissues has been emphasized by Berglundh et al. (2018) 
[13], whose consensus report discussed the biological characteristics of peri-implant health and disease as well as 
considerations for clinical diagnosis. Although peri-implantitis and clinical inflammatory outcomes were not 
investigated in the present study, assessment of the facial cortical bone provides important structural information 
regarding the peri-implant environment. The identification of cortical deficiencies may therefore contribute to a 
more comprehensive understanding of the anatomical conditions surrounding an implant. 
Hu et al. (2017) [14] evaluated immediate implant placement in posterior extraction sockets in relation to the 
presence or absence of buccal bone dehiscence and demonstrated the clinical relevance of pre-existing facial bone 
deficiencies. Although their study differed from the present investigation with respect to population, clinical 
setting, and treatment protocol, it reinforces the importance of identifying deficiencies in the facial cortical plate 
during implant assessment. The present findings similarly indicate that the integrity and morphology of the buccal 
cortical bone should receive careful attention during evaluation of implant sites. 
The application of CBCT for assessment of peri-implant bone defects has been discussed by Costa et al. (2023) [15], 
who highlighted its ability to provide 3D information while also acknowledging limitations related to image quality 
and artifacts produced by metallic structures. These limitations are particularly relevant when evaluating thin 
cortical bone, where image artifacts or inadequate spatial resolution may influence defect detection. Although 
appropriate image-quality criteria were considered in the present study, subtle cortical irregularities should 
nevertheless be interpreted with caution. Standardized imaging protocols and appropriate image reconstruction 
are therefore important for reliable assessment. 
The findings of this study are especially relevant to adolescent implant patients because this population may still 
experience changes in craniofacial and dentoalveolar development. Unlike natural teeth, osseointegrated implants 
do not participate in normal eruptive or positional changes associated with growth. Consequently, careful 
assessment of the available alveolar bone and the 3D position of an implant is particularly important in younger 
patients. However, the present study was cross-sectional and did not include longitudinal assessment of skeletal or 
alveolar development. Therefore, the identified cortical defects cannot be directly attributed to ongoing growth. 
A number of anatomical, implant-related, and treatment-related variables may influence the development or 
detection of buccal cortical defects. These include implant dimensions, buccolingual position, implant angulation, 
ridge morphology, surgical technique, and characteristics of the surrounding soft tissues. Such factors were not 
comprehensively assessed in the present investigation. Therefore, the relationship between reduced buccal bone 
thickness and dehiscence should be interpreted primarily as an anatomical association rather than as evidence of a 
specific etiological mechanism. 
Overall, the findings indicate that CBCT is a valuable imaging modality for 3D evaluation of the buccal cortical bone 
surrounding dental implants in adolescent patients. The greater occurrence of dehiscence in mandibular implant 
sites and the association between thinner buccal bone and dehiscence emphasize the importance of evaluating the 
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facial bony envelope before and around implant placement. Recognition and characterization of cortical defects 
may assist in understanding peri-implant anatomy and identifying sites with limited facial bone coverage. Future 
multicentre and prospective investigations involving larger populations, standardized CBCT acquisition protocols, 
and comprehensive assessment of anatomical, implant-related, and soft-tissue variables are warranted to better 
determine the factors associated with buccal bone dehiscence and fenestration and to establish their long-term 
clinical significance in adolescent implant patients. 
 

Limitations 
Several limitations of the present investigation should be acknowledged. The study included 100 implant sites, 
which represents a relatively modest sample and may have limited the statistical strength of some subgroup 
comparisons. Consequently, the study was carried out at a single tertiary care centre & findings may not be fully 
representative of broader patient populations. In addition, the implant sites were not equally distributed between 
the jaws, with a greater proportion located in the maxilla than in the mandible. The relatively small number of sites 
in specific anatomical regions, particularly the mandibular anterior region, may have affected the reliability of 
regional comparisons. 
Another limitation is the reliance on CBCT-based evaluation for the detection and measurement of buccal cortical 
defects. The visualization of small areas of cortical bone loss can be influenced by technical characteristics of the 
scan, including voxel size, spatial resolution, image quality, metallic artifacts, and differences in image 
interpretation. Although CBCT provided 3D information regarding the buccal bone, the present study did not 
assess several clinical and implant-specific parameters that could potentially influence the development of cortical 
defects. These included implant diameter, precise 3D implant position, implant angulation, buccolingual 
inclination, preoperative ridge width, implant placement approach, and the thickness of the surrounding soft 
tissues. Furthermore, the observational nature of the study limits the ability to establish a cause-and-effect 
relationship between buccal bone thickness and the occurrence of dehiscence or fenestration. The finding that 
sites with dehiscence were associated with reduced buccal bone thickness indicates an association but does not 
establish that decreased bone thickness directly caused the defect. The investigation was also primarily concerned 
with the radiographic characteristics and dimensions of buccal bone dehiscence and fenestration. Clinical 
outcomes that may be associated with these defects, including peri-implant marginal bone changes, mucosal or 
gingival recession, esthetic complications, and long-term implant stability or survival, were not evaluated. 
Therefore, the clinical implications of the radiographic findings cannot be determined from the present study 
alone. 
Future research should involve larger, well-balanced study populations and standardized CBCT acquisition and 
assessment protocols. Incorporating detailed anatomical, implant-related, and soft-tissue parameters, together 
with prospective clinical follow-up, would provide a more comprehensive understanding of the factors associated 
with buccal bone defects and their potential influence on long-term peri-implant health. 
 

Conclusion 
CBCT enabled 3D assessment of buccal cortical bone defects around dental implants in adolescent patients. Buccal 
bone dehiscence was significantly more prevalent in mandibular than maxillary implant sites and was associated 
with significantly reduced buccal bone thickness. Fenestration was more frequent in the maxilla, although the 
difference was not statistically significant. These findings support the value of CBCT for evaluating buccal cortical 
bone morphology during implant assessment and planning. However, the cross-sectional design and limited 
sample size restrict causal and long-term clinical interpretation. Larger prospective, multicentre studies with 
standardized imaging and long-term follow-up are needed to clarify the clinical significance of these defects and 
their relationship with peri-implant outcomes. 
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