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Introduction: Alveolar bone dehiscence and fenestration are generally present within the area of the mal-position tooth 
which complicates the orthodontic treatment. With the advancement of radiology, Cone-beam computed tomography 
(CBCT) is preferred to identify alveolar bone dehiscence and fenestration among dental patients prior to orthodontic 
treatment. 
	
Aims and objectives: The purpose of this study was to determine the prevalence of alveolar bone dehiscence and 
fenestration among patients having different patterns of vertical growth using CBCT.  

Materials and Method: CBCT images of 141 patients ranging from 18 to 30 years old were used to measure alveolar 
bone dehiscence and fenestration. According to the vertical growth pattern of these patients, they were further divided 
into three groups: hyper-divergent group, normo-divergent group and hypo-divergent group. All the data were measured 
in Materialise Mimics 21.0 software and statistically analyzed. 

Results: The alveolar bone dehiscence and fenestration were found in 48.3% and 14.91% respectively. Pearson chi-
square test showed statistically significant association between alveolar bone dehiscence and fenestration with 
the patient with different vertical growth patterns (p<0.001). Both dehiscence and fenestration were prevalent in 
hyperdivergent and normodivergent growth patterns compared to hypodivergent growth patterns. Dehiscence was 
more prevalent in maxillary first premolar (9.58%) and mandibular central incisors (8.64%) while fenestration was more 
prevalent in maxillary canine (21.22%) and mandibular lateral incisors (16.47%). 

Conclusion: Alveolar bone dehiscence and fenestration were prevalent among all three vertical growth patterns 
group. Among these three vertical growth pattern groups, hypo-divergent group had  lesser incidence of alveolar bone 
dehiscence and fenestration owing to comparatively thick alveolar bone in this group.
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INTRODUCTION
Alveolar bone is the primary structure of the dentition, as 
it develops along with the tooth. It continuously remodels 
itself to accommodate the functional and physiological 
needs of the dentition. Alveolar bone dehiscence is the 
V shaped defect located along the alveolar bone margin 
toward the apex on the buccal and lingual side of a 
tooth.1 On other hand, fenestration can be described 
as localized defects of the alveolar bone covered only 

by periosteum and gingiva or occasionally exposed 
underlying root structure.1 Previous studies have 
reported dehiscence and fenestration are commonly 
found in the alveolar bone with mal-positioned teeth 
or buccally prominent teeth and considered as non-
pathological conditions.1,2 In malocclusion, alignment 
of teeth is deflected from normal relation within the 
arch or to the opposing arch during teeth development.3

Orthodontic treatment is done for the correction of the 
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malocclusion for proper function of teeth, esthetic and 
maintaining the overall oral health. As tooth movement 
in orthodontics is a continuous process of remolding 
of alveolar bone, there is high risk of development 
of alveolar bone defect especially dehiscence and 
fenestration which can cause decrease in tooth 
support.4 Presence of dehiscence and fenestration 
restrict certain movement of tooth which complicate 
the orthodontic treatment.5-7

Cone-beam computed tomography (CBCT) is a 
digital three-dimensional radiograph. Conventional 
radiography has significant limitation in detection 
of alveolar bone dehiscence and fenestration mainly 
because of superimposition of anatomical structures.8-10 
Hence CBCT is widely used to view alveolar bone 
morphology and has a diagnostic value in detection of 
naturally occurring alveolar bone defect.11-19 

In previous studies alveolar bone dehiscence and 
fenestration has been evaluated using dry skull and  
after orthodontic treatment but there have been only 
few studies evaluating alveolar bone dehiscence and 
fenestration among untreated patients according to 
vertical growth pattern using CBCT.20,21  The predictability 
of the prevalence of alveolar bone dehiscence and 
fenestration in different growth pattern before 
orthodontic treatment can help the dental professionals 
in formulating effective treatment plan and preventing 
unwanted complication during the treatment along with 
long-term stability of the treatment.19,21 The present study 
aimed to determine the prevalence of alveolar bone 
dehiscence and fenestration among untreated patient 
having different patterns of vertical growth using CBCT.

MATERIALS AND METHOD 
Initial CBCT images of 141study participants’ (101 female 
and 40 male) who were offered orthodontic treatment 
were obtained from the Department of orthodontics, 
West China Hospital of Stomatology, Sichuan University, 
China. The Ethical approval for the use of patient data 
was obtained from the Ethical Committee of West China 
Hospital of Stomatology, Sichuan University (WCHSiEB-
CT-2020-416). Based on a study by Yang et al22 in 2015, 
which reported a prevalence of 8.51% for alveolar bone 
dehiscence in Chinese population, with 95% confidence 
level and 5% of margin of error, a sample size of 120 
was required for the reliability and generalizability study. 
Following the inclusion and exclusion criteria the CBCT 
images were selected. 

Inclusion Criteria:
•	 Age between 18 and 30 years
•	 Permanent dentition without congenitally abnormal 

or missing teeth
•	 Without extracted teeth except third molar  
•	 No previous orthodontic treatment 
•	 Absence history of head or neck trauma
 
Exclusion Criteria
•	 Age <18 and >30 years• Congenitally teeth 

abnormalities or missing teeth.
•	 Present of severe periodontitis
•	 History of previous orthodontic treatment.
•	 History of naso- respiratory complex surgery 
•	 Naso-maxillary complex deformity

Sella-Nasion to manibular plane (SN-MP) angle was 
measured for the determination of the vertical growth 
pattern. According to vertical growth pattern the 
patients were divided into Hyper-divergent (SN-MP 
angle is greater than or equal to 37°), Normo-divergent 
(SN-MP angle is less than or equal to 26°) and Hypo-
divergent (SN-MP angle is within 26°and 37°)23  There 
were 39 patients in hyper-divergent, 57 patients normo-
divergent and 45 patients in hypo-divergent group.

The CBCT measurement of alveolar bone dehiscence 
and fenestration were done in Materalize Mimics 
research 21.0.24 fig 1) For measurement of alveolar 
bone dehiscence, the distance from cement-enamel 
junction and alveolar bone was measured in buccal 
and palatal surfaces. Simultaneously for alveolar bone 
fenestration interruption in buccal and lingual cortical 
plates were noted and the distance of exposed root 
was measured. Dehiscence was considered to be 
present if the distance measured between the cement-
enamel junction and alveolar bone was more than 
2 mm whereas fenestration was present if there is 
isolated defect of 2.2 mm or more as recommended by 
Sun et al.12 According to severity of the alveolar bone 
dehiscence and fenestration was classified into mild, 
moderate and severe types. We considered the range of 
2mm-3mm as mild, 3mm-4mm as moderate and >4mm 
as severe for alveolar bone dehiscence. Subsequently, 
for fenestration the range of mild was 2.2mm-3mm, 
moderate was 3mm-4mm and severe was >4mm.20

Statistical analyses were performed with the statistical 
package for social science (SPSS) version 18.0. 
Percentage of Incidence of alveolar bone dehiscence 
and fenestration according to vertical growth pattern 
in different tooth was calculated. Pearson chi square 
was performed and the statistical test was concluded 
to be significant when the p value was less than 
0.05. To evaluate the stability and consistency of the 
measurement, test-retest reliability was calculated 
using intra-class correlation coefficient (ICC).
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Figure 1: Measurement of dehiscence and fenestration 
in Materalise Mimics research 21.0

RESULTS
In 141 patients with mean age of 23.33±3.89, 3948 
teeth were evaluated in which incidence of dehiscence 
and fenestration was 48.3% and 14.91% respectively. 
Alveolar bone dehiscence in hyper-divergent group was 
15.55%, in normo-divergent group was 20.89% and hypo-
divergent group was 11.85%. However, fenestration 
was present 5.11% in hyper-divergent, 6.71% in normo-
divergent and 3.09% in hypo-divergent group (Table 1).  

Alveolar bone dehiscence can be seen mainly in 1st 

premolar (9.58%), followed by 1st molar (9.26%) in 
maxilla and central incisor (8.64%) followed by 2nd pre-
molar (7.69%) in mandible. Fenestration is mostly found 
in canine (21.22%) followed by lateral incisor (20.03%) in 
maxilla and lateral incisor (16.47%) followed by central 
incisor (7.47%) in mandible (Table 2). 

Severity of dehiscence was found mild in nature, while 
moderate severity was seen in fenestration. we found 
that mild, moderate and severe degree of severity was 
seen in 63.35%, 21.14%, 15.51%, while that in fenestration 
was 22.62%,44.35%,33.03% respectively. (Table 3) 

Pearson chi square test was performed to test the 
association between alveolar bone dehiscence and 
fenestration with different vertical growth patterns 
(Table 1). There was a significant association between 
alveolar bone dehiscence and fenestration with 
different vertical growth pattern dX2= 3814, fX2 =1178 
and p < .001) This shows that the prevalence of alveolar 
bone dehiscence and fenestration was different among 
patients with different vertical growth patterns. The ICC 
was estimated to be 0.93 (95% confidence Interval: 0.88-
0.97) were calculated using SPSS statistical package 
version 18 based on single-rating, absolute agreement, 
2-way random effects model.

Table1: Percentage of Incidence of Alveolar bone dehiscence and fenestration in different vertical growth pattern 

Table2: Percentage of Incidence of Alveolar bone dehiscence and fenestration in different vertical growth pattern 
according to Tooth

Pearson chi square for dehiscence dX2                                                                       Pearson chi square for fenestration fX2

Vertical Growth patterns Dehiscence
(n=1907) dX2 P value Fenestration 

(n=589) fX2 P value

Hyper-Divergent 15.55

3814 <0.001

5.11

1178 <0.001
Normo-Divergent 20.89 6.71

Hypo-Divergent 11.85 3.09

Total 48.3 14.91

Alveolar defect

Dehiscence

Jaw Vertical Growth 
patterns

Central 
incisor

Lateral 
incisor

Canine First 
premolar

Second 
premolar

First 
molar

Second 
molar Total

Maxilla

Hyper-Divergent 0.83 1.73 1.83 3.30 3.04 2.98 2.35 16.07

Normo-Divergent 1.67 2.83 2.3 4.19 3.51 4.24 3.82 22.61

Hypo-Divergent 0.73 1.67 1.99 2.09 1.62 2.04 2.20 12.38

Total 3.23 6.23 6.12 9.58 8.17 9.26 8.37 51.06
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Table3: Percentage of severity of the Alveolar bone dehiscence and fenestration according to Vertical growth pattern

DISSCUSION
Alveolar bone defect is inevitable in every person, only 
may have difference degree of occurrence. By evaluating 
141 patients CBCT before orthodontic treatment we 
found Alveolar bone defect was seen in all patients which 
is similar to studies by other researchers.20,25 The definite 
mechanism of alveolar bone defect is still evolving. 
Alveolar bone defect jointly consists of dehiscence and 
fenestration. Study has been done on alveolar bone 
defect with different vertical growth. 20,21 Enhos et al. 
found the prevalence of dehiscence and fenestration 
was 8.35% in hyper-divergent group, 8.18% in normo-
divergent group and 6.56% in hypo-divergent group. 21 

Prevalence of alveolar bone dehiscence and fenestration 
according to skeletal classification has been carried 
out.26-30 However, studies on prevalence in dehiscence 
and fenestration among untreated patient according to 
vertical growth patterns using CBCT is still less. 
   
CBCT is a routine dental radiography, efficient in 
identification of alveolar bone defect along with other 
periodontal disease. Compared to other conventional 
radiography CBCT is highly accurate in detection of 
alveolar bone dehiscence and fenestration.11,12 Even 
some study reported that CBCT overestimate the 
presence of alveolar bone defect,11-13 it is clinically 
used due to three-dimensional visualization and low 

Mandible

Hyper-Divergent 2.77 2.04 1.88 2.41 2.30 2.41 2.25 16.1

Normo-Divergent 3.46 2.62 2.72 3.35 3.4 3.04 2.04 20.67

Hypo-Divergent 2.41 1.83 1.57 1.83 1.99 1.25 1.25 12.17

Total 8.64 6.49 6.17 7.59 7.69 6.7 5.54 48.94

Fenestration

Maxilla

Hyper-Divergent 1.02 6.45 6.11 3.9 0 1.36 1.02 19.86

Normo-Divergent 1.36 8.66 9.85 5.94 0.68 0.51 1.19 28.19

Hypo-Divergent 0.34 4.92 5.26 1.86 0.51 0 0.17 13.06

Total 2.72 20.03 21.22 11.7 1.19 1.87 2.38 61.11

Mandible

Hyper-Divergent 2.72 5.26 2.55 2.38 0.68 0.51 0.17 14.27

Normo-Divergent 3.23 7.47 2.55 2.04 1.19 0.34 0.17 16.99

Hypo-Divergent 1.52 3.74 1.86 0.17 0.17 0.17 0 7.63

Total 7.47 16.47 6.96 4.59 2.04 1.02 0.34 38.89

Jaw Maxilla Mandible

Alveolar 
defect

Degree of 
severity

Hyper-
Divergent

Normo- 
Divergent

Hypo-
Divergent

Hyper-
Divergent

Normo-
Divergent

Hypo-
Divergent Total

Dehiscence

Mild
 (2mm≤d≤3mm) 10.01 14.68 8.6 9.3 12.06 8.7 63.35

Moderate
(3mm<d≤4mm) 4.24 5.5 2.7 3.2 3.8 1.7 21.14

Severe (d>4mm) 1.31 2.5 1.2 3.7 4.9 1.9 15.51

fenestration

Mild 
(2.2mm≤f≤3mm) 2.72 4.92 2.72 5.09 4.07 3.1 22.62

Moderate 
(3mm<f≤4mm) 7.8 12.4 3.74 6.5 9.67 4.24 44.35

severe(f>4mm) 9.3 11.03 6.96 2.54 2.7 0.5 33.03
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in radiation. We used CBCT to find the Prevalence of 
alveolar bone dehiscence and fenestration among 
patients having different patterns of vertical growth. 

Dehiscence was commonly seen than fenestration since 
natural defects have more gradual and tapering margins 
along with thin alveolar bone which might easily expose 
alveolar bone to inflammatory process.4,11 Watson et al 
also said that Alveolar bone dehiscence might be formed 
due to inflammatory processes induced by Chronic 
gingivitis.3 While fenestration is isolated defect exposing 
the underlying root which is more related with the position 
of tooth.5 In our study, the prevalence of dehiscence was 
also seen higher than fenestration.

In study done by Enhos et al. in patients with different 
vertical pattern dehiscence andwas prevalent in normo 
-divergent group (8.18%) and hyper-divergent group 
(8.35%). whereas fenestration was prevalent in hypo-
divergent and hyper-divergent groups21. Studies have 
found that higher the alveolar bone density, lower the 
alveolar bone defects. The thickness of alveolar bone 
is higher in hypo-divergent compared to hyper-divergent 
growth pattern.20,32,33 By evaluating 141 patients CBCT 
before orthodontic treatment we found alveolar bone 
dehiscence and fenestration was noticeably increased 
in normo -divergent group and hyper-divergent group 
than hypo-divergent group. Sun et al.did study in class 
I patients with normality pattern found the prevalence 
of dehiscence (27.46%) and fenestration (26.91) 
suggesting as common finding.14 The main factors 
for occurrence of alveolar bone defect are position of 
tooth along with alveolar bone thickness. The thickness 
of cortial plates varies significantly from tooth to 
tooth throughout the arches. Tooth position in arch 
such as buccoversion, linguoversion, superuption, 
supereruption, intrusion etc appears to be the major 
determinant of cortical plate thickness and contour.32,33 
In our study the difference in number of patients 
included in normo-divergent group is comparatively 
high than hyper-divergent and hypo-divergent which 
contribute in increase in prevalence of the alveolar bone 
dehiscence and fenestration in normo-divergent group. 
Overall the prevalence of alveolar bone dehiscence and 
fenestration were prevalent notably in all hyper, normo 
and hypo divergent group of vertical growth pattern.
In accordance to severity of the defect, we have found 
alveolar bone dehiscence was predominantly mild in 
nature in all types of vertical growth patterns. While we 
found fenestration in hyper-divergent group was mild 
in nature whereas normo-divergent and hypo-divergent 
alveolar bone defect was of moderate type in all types 
of vertical growth pattern. Sun et al divided the alveolar 

bone dehiscence into mild cases (62.69%) moderate 
cases (10.95%) and severe cases (26.37%). Similarly, 
alveolar bone fenestration was divided into mild cases 
accounted for 57.36%, moderate cases accounted for 
35.53% and severe were 7.11%.20 These result shows 
that the alveolar bone prevalent in untreated patient are 
mainly mild in nature. 

In accordance to type of tooth, in maxilla we found 
dehiscence was prevalent in maxillary first premolars 
(9.58%) and mandibular central incisors (8.64%). 
Fenestration was prevalent in maxillary canines (21.22%) 
and mandibular lateral incisors (16.47%). Similar kind 
of study done by Enhos et al. found dehiscence was 
prevalent in mandible central incisors and maxillary 
canines whereas Fenestration was prevalent in maxilla 
and mandible lateral incisors.21 Jin et al. investigated 
the bone thickness of canine and premolars in normal 
occlusion and found that the thickness of canine and 
first premolar were was lower than 2mm in relation to 
second premolars.32,33 In mandible central and lateral 
incisors were mainly present with the alveolar bone 
defect compared to posterior teeth as a result of 
presence of thin anterior alveolar bone compared to 
posterior alveolar bone. 9,32

LIMITATIONS
The limitation of the current study is its dependence on 
only one observer in detecting bone defects using CBCT 
images therefore inter-observer reliability in detecting 
these alveolar bone defects was not evaluated. As 
inter-observer reliability in interpreting CBCT images 
when diagnosing orthodontic-related problem can 
significantly affect the diagnosis accuracy of the 
imaging technique.34

CONCLUSION
The dehiscence and fenestration are innately prevalent 
in all three hyper-divergent, normo-divergent, and hypo-
divergent groups. The prevalence of alveolar bone 
dehiscence and fenestration were less in hypo-divergent 
group compared to hyper-divergent and normo-
divergent group. Dehiscence was more prevalent in first 
premolar in maxilla and central incisors in mandible. 
Fenestration was more prevalent in canine in maxilla 
and lateral incisors in mandible.
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