
Original Article

Dehiscence and fenestration in patients with different vertical growth

patterns assessed with cone-beam computed tomography

Sukru Enhosa; Tancan Uysalb; Ahmet Yagcic; İlknur Velid; Faruk Izzet Ucare; Törün Ozerf

ABSTRACT
Objective: To test the null hypothesis that the presence of alveolar defects (dehiscence and
fenestration) was not different among patients with different vertical growth patterns.
Materials and Methods: A total of 1872 teeth in 26 hyper-divergent (mean age: 24.4 6 4.8 years),
27 hypo-divergent (mean age: 25.1 6 4.5 years), and 25 normo-divergent (mean age: 23.6 6

4.1 years) patients with no previous orthodontic treatment were evaluated using cone-beam
computed tomography. Axial and cross-sectional views were evaluated with regard to whether
dehiscence and/or fenestration on buccal and lingual surfaces existed or not. For statistical
analysis, the Pearson chi-square test was used at a P , .05 significance level.
Results: According to the statistical analysis, the hypo-divergent group (6.56%) had lower
dehiscence prevalence than the hyper-divergent (8.35%) and normo-divergent (8.18%) groups
(P 5 .004). Higher prevalences of dehiscence and fenestration were found on buccal sides in all
vertical growth patterns. While fenestration was a common finding for the maxillary alveolar region,
dehiscence was a common finding in the mandible in all groups.
Conclusion: The null hypothesis was rejected. Although the prevalence of fenestrations was not
different, significant differences for dehiscences were found in patients with different vertical growth
patterns. (Angle Orthod. 2012;82:868–874.)
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INTRODUCTION

Orthodontic tooth movement is induced by mechan-
ical stimuli and facilitated by remodeling of the
periodontal ligament and alveolar bone. Absent or
insufficient alveolar bone thickness is a complicating

factor for orthodontic treatment.1 The biologic and
biomechanical factors are closely related and deter-
mine the potential side effects of orthodontic treat-
ment, such as external root resorption, gingival
recession, dehiscence, and fenestration.2

The lack of facial or lingual cortical plates, which
results in exposing the cervical root surface and
affecting the marginal bone, represents an alveolar
defect called dehiscence. When there is still some
bone in the cervical region, the defect is termed
fenestration.3

The occurrence of dehiscence and fenestration
during orthodontic treatment depends on several
factors, such as the direction of movement, the
frequency and magnitude of orthodontic forces, and
the volume and anatomic integrity of periodontal
tissues.4 Before orthodontic treatment, alveolar mor-
phology must be determined through imaging to avoid
these problems.5

There are three basic types of facial vertical growth
pattern: hypo-divergent (low angle), normo-divergent
(average), and hyper-divergent (high angle) growth
patterns.6 The hyper-divergent pattern is typified by
excessive vertical facial growth. It is usually associated
with anterior open bite and an increased sella-nasion
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(SN)–mandibular plane (MP) angle, gonial angle, and
maxillary/mandibular planes angle.7 The hypo-diver-
gent pattern is typified by reduced vertical growth. It is
usually accompanied by deep anterior overbite,
reduced facial heights, and reduced SN-MP angle.8

Between the two types lays the normo-divergent facial
growth pattern. The relationship between bite force
and craniofacial morphology has been investigated.9

The mean bite force in the molar region was reported
to be twice as great for normo-divergent subjects as
compared with hyper-divergent subjects, while hypo-
divergent subjects have still higher maximum forces
than normo-divergent subjects.10

Imaging modalities, including periapical and pano-
ramic radiographs, have been used in maxillofacial
fields over the past few decades; however, entirely
satisfactory results are not attainable. Until the
introduction of computerized tomography (CT), visu-
alization of dehiscences and fenestrations was not
possible with traditional two-dimensional methods
because of the superimposition of contralateral cortical
bony or dental structures.11 The development of CT
and especially cone-beam CT (CBCT) has provided
the means with which to visualize these defects three
dimensionally (3D).12 CBCT was specifically developed
for the maxillofacial region to provide comparable
images to conventional CT at a reduced radiation dose
and cost.13 CBCT reconstructions have smaller voxels
in comparison with conventional CT, which could be
advantageous in obtaining more accurate 3D surface
models of teeth crowns.14 However, CBCT subjective
image quality is still inferior in comparison with that of
conventional CT.15

Alveolar defects have been evaluated with CT,16,17

but few studies5 have compared the presence of
alveolar defects in untreated subjects with different
vertical growth patterns with CBCT. Thus, the aim of

this study was to evaluate the presence of dehiscence
and fenestration among different vertical growth
patterns by means of CBCT.

MATERIALS AND METHODS

A power analysis established by G*Power Ver.
3.0.10 (Franz Faul, Universität Kiel, Kiel, Germany)
software, based on a 1:1 ratio among groups, and a
sample size of 24 patients would give more than 75%
(actual power 5 0.7554) power to detect significant
differences with 0.40 effect size and at the a 5 .05
significance level (critical x2 5 11.0704; noncentrality
parameter l 5 10.5600).

Permission was obtained from the University Human
Research Regional Ethical Committee at Erciyes
University after the Research Scientific Committee at
the same institution had approved the experimental
protocol. The patients were selected from the archives
of the Oral and Maxillofacial Radiology Department
and were called for a second intraoral examination. If
the individuals met the inclusion criteria, they were
informed about the research and usage purpose of
their CBCT scans. Volunteers were asked to complete
an informed consent form.

CBCTs of these patients had been taken at their
usual records appointment as a part of the necessary
radiographs; therefore, they were not unnecessarily
subjected to additional radiation. The CBCT images of
78 patients (aged 20–36 years) were analyzed. All
measurements were made by the same observer
(F.I.U.), who is experienced in CBCT scans. The
criteria for sample selection are presented in Table 1.

These scans were obtained using CBCT (iCATH,
Model 17–19, Imaging Sciences International, Hatfield,
Pa) with a single 360u rotation and a voxel size of
0.3 mm at the following settings: the x-ray emission

Table 1. Criteria for Sample Selection

Inclusion Criteria Exclusion Criteria

Age between 20 and 36 y Age ,20 and .36 y

For normo-divergent samples: SN-MP angle between 26.5u
and 36.5u

Images indicating periodontal disease, such as horizontal or

vertical proximal bone loss

For hypo-divergent samples: SN-MP angle # 26u Patients who had metal prostheses

For hyper-divergent samples: SN-MP angle $ 37u Partial and low-resolution images

No congenitally missing or extracted teeth Congenitally missing or extracted teeth

Permanent dentition Mixed/deciduous dentition

Lack of orthodontic treatment and/or maxillary functional

orthopedic treatment Young people in or that had been under orthodontic treatment

No history of nasal respiratory complex surgery Previous history of nasal respiratory complex surgery

No deformity in nasomaxillary complex Deformity in nasomaxillary complex

No head or neck injury Head or neck injury

No vestibular or equilibrium problems Vestibular or equilibrium problems

No nasal allergic conditions or airway obstructions Nasal allergic conditions or airway obstructions

No visual, hearing, or swallowing disorders and no facial or

spinal abnormalities (ie, torticollis, scoliosis, or kyphosis)

Visual, hearing, or swallowing disorders and facial or spinal

abnormalities (ie, torticollis, scoliosis, or kyphosis)

No caries Extensive carious lesions
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time was 3.5 seconds; exposures were made with
5.0 mA, 120 kV, and an exposure time of 4 seconds;
and the axial slice thickness was 0.3 mm.

A total of 78 CT scans were obtained with the iCAT
scanner (Imaging Sciences International) with a single
360u rotation. With iCAT software primary and sec-
ondary reconstructions of the data were performed.
For the creation of 3D image projection with maximum
intensity for making linear and angular measurements,
secondary reconstructions were used. Each tooth root
was evaluated in axial and cross-sectional slices at the
buccal and lingual surfaces. An alveolar defect was
identified when there was no cortical bone around the
root in at least three sequential views. If the alveolar
bone height was more than 2 mm from the cemento-
enamel junction (Figure 1), it was classified as
dehiscence. When the defect did not involve the
alveolar crest (Figure 2), the case was classified as
fenestration.18

Subjects were divided into three groups with
different vertical growth patterns in terms of SN-MP
angle as a reference point to distinguish the verti-
cal skeletal pattern. The SN-MP angle from 26.5u to
36.5u (normal range for the controls) denotes the
normo-divergent group.19 The hypo-divergent and
hyper-divergent groups include the subjects with

SN-MP angles that are equal to or less than 26u
and equal to or greater than 37u, respectively
(Table 2).

Statistical Analysis

All statistical analyses were performed with SPSS
15.0 (SPSS for Windows; SPSS Inc, Chicago, Ill). The
normality test of Shapiro-Wilks and Levene’s variance
homogeneity test were applied to the data. The data
were found to be normally distributed, and there was
homogeneity of variance among the groups. Thus, the
statistical evaluation was performed using parametric
tests. Statistical comparisons of alveolar defects in
subjects with different vertical growth patterns were
undertaken by the Pearson chi-square test. When the
P-value was less than .05, the statistical test was
determined to be significant.

Methodological Error

To determine the intraoperator measurement reli-
ability for CBCT measurements, 15 CBCT images
were selected randomly and these were measured
twice with a 4-week interval by the same observer. A
Bland and Altman plot was applied to assess the
repeatability. It was determined that the differences

Figure 2. Fenestration: at least three sequential views (A indicates bone; B, fenestration area/cement of the root).

Figure 1. Dehiscence: at least three sequential views (A indicates cemento-enamel junction; B, bone level).
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between the first and second measurements were not
significant.

RESULTS

The distribution of alveolar defects for different
vertical growth patterns are presented in Table 3.
Fenestrations were observed in 3.63%, 2.71%, and
4.09% of subjects and dehiscences were observed in
8.35%, 8.18%, and 6.56% of subjects in the hyper-
divergent, normo-divergent, and hypo-divergent sub-
jects, respectively. While fenestrations were not statis-
tically different among groups, dehiscences were more
prevalent in hyper-divergent and normo-divergent
patients (P 5 .004).

Alveolar defects (fenestration and dehiscence) in the
maxilla and mandible were more predominant in
buccal alveolar surfaces of all patients with different
vertical growth patterns (Table 4). When teeth were
evaluated individually, the majority of fenestrations in
the maxilla were found on first premolars (hyper-
divergent: 29.85%; normo-divergent: 43.39%; and
hypo-divergent: 38.66%) and the majority of dehis-
cences in the mandible were found on central incisors
(hyper-divergent: 25.69%; normo-divergent: 25%; and
hypo-divergent: 30.55%) for all groups (Table 5).

DISCUSSION

CBCT has the potential to identify alveolar and
periodontal defects without the distortion that is
present in a panoramic radiograph,12 and CBCT
enables clinicians to examine the shape and size of
alveolar bones without the disadvantages associ-
ated with conventional radiographs.20 As compared
with helical CT, CBCT requires less time for the
images to be captured, which is useful for patients who
are not comfortable or who are unable to keep still. In
addition, the images generated via CBCT are less
distorted and give practitioners a better understanding
of the density of the bone being imaged.21 As a result

of the high definition and sensitivity, dehiscence and
fenestration could be determined with helical CT and
CBCT.22 A spiral or helical CT uses more radiation and
has higher costs than CBCT, and use of spiral and
helical CT is limited for routine dental radiography.23

In this study, CBCT scans were used to judge
alveolar bone measurements and bone defects by
means of axial and cross-sectional sections. Leung
et al.24 evaluated the accuracy and reliability of CBCT
for measuring alveolar bone height and alveolar
defects. They correlated direct measurements with
CBCT. For bone margin measurements, the correla-
tion coefficient between direct measurements and
CBCT was 0.870. On the other hand, detection of
fenestration and dehiscence is more prone to error.
For dehiscence, both sensitivity and specificity were
about 0.80. The diagnosis of alveolar defects using CT
depends on length, the thickness of the alveolar
cortical plate, and visualization of the periodontal
ligament space.5 As these measurements are too
small, scoring of these thicknesses as a defect could
be the limitation of our study.

Menezes et al.25 found excellent interexaminer and
intraexaminer reproducibility of buccal and lingual
bone plate thickness measurements in CBCT images
and demonstrated good precision for voxel dimensions
of 0.2, 0.3, and 0.4 mm. In the current study, an 0.3-
mm voxel size was used.

Hypo-divergent and hyper-divergent patterns repre-
sent two extremes of facial divergence. While hypo-
divergent subjects present with thicker alveolar ridg-
es,26 hyper-divergent subjects have thinner alveolar
ridges, especially in the mandibular anterior region.1

Fenestrations are most commonly seen in the
maxilla, particularly in the first molar and canine
region. Dehiscences are found predominantly in the
lower anterior region especially on buccal surfaces. It
has been suggested27 that the presence of a narrow
zone of attached gingiva, a high frenal attachment, and
labially positioned teeth are often associated with

Table 3. Distribution of Alveolar Defects for Different Vertical Growth Patterns

Measurements Hyper-Divergent Normo-Divergent Hypo-Divergent x2 P

Fenestration 3.63 2.71 4.09 4.61 .100

Dehiscencea 8.35 A 8.18 A 6.56 B 11,086.00 .004

Total alveolar defects 11.98 10.89 10.66 4531.00 .104

a Different online capital letters indicate statistically significant differences.

Table 2. Mean Values (6Standard Deviations) for Age, Sella-Nasion–Mandibular Plane (SN-MP) Angle, and ANB Angle in Patients with

Different Vertical Growth Patterns

Descriptive Values Hyper-Divergent (n 5 26 Patients) Normo-Divergent (n 5 25 Patients) Hypo-Divergent (n 5 27 Patients)

Age, y 24.4 6 4.8 23.6 6 4.1 25.1 6 4.5

SN-MP, u 41.0 6 3.6 31.6 6 4.7 24 6 2.8

ANB, u 3.1 6 0.7 2.7 6 1.8 2.5 6 1.7
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these defects. Although Evangelista et al.5 reported
that growth patterns do not affect the prevalence of
alveolar defects, in the current study statistically
significant dehiscences (P 5 .004) were found in
hyper-divergent subjects. A possible reason for this
situation is the thinner bone plates, especially in the
mandibular anterior region.1,28 Dehiscences could be
determined easily and are more accurate than
determination of fenestration with CBCT. It is well
known that the densities of cementum and bone are
similar because of their comparable hydroxyapatite
content.29 On the other hand, enamel has greater
hydroxyapatite content. Drawing the attention of the
investigator to this density difference may lead to
overdetermination of dehiscence. Additionally, the
bone margin has a certain thickness that can cause
difficulty in selecting the point accurately for the
measurement.24

The distance from the root apex to the external
surface of buccal and lingual cortical bone is greater in
hypo-divergent patients compared to hyper-divergent
patients.30 Although hyper-divergent patients have
thinner bone thickness, the same fenestration preva-
lence was observed in both groups. The thickness of
bone plates at the level of the root apex could not be
enough to create fenestration.

The thickness of bone plates at the cervical level
and the middle third of the root is very similar in

patients with different vertical growth patterns.31

Contrary to the findings of Ferreira et al.,31 greater
dehiscence prevalence was observed in the present
study at the cervical level in hyper-divergent samples.
In hyper-divergent patients, the direction of condylar
growth is mainly in the posterior direction and teeth are
positioned inclined. On the other hand, hypo-divergent
subjects generally show deep bite, and incisor
angulation is steeper than in hyper-divergent subjects.
Incisor inclination may affect the generation of alveolar
defects.32 Future studies are needed in order to
examine incisor inclination with regard to dehiscence
and fenestration.

Nair et al.33 found no significant differences between
the volumes of the maxilla and the mandible in hyper-
and hypo-divergent skeletal patterns with CBCT.
Either fenestration or dehiscence in the maxilla and
mandible was more predominant in buccal root
surfaces for all groups. Facial type may have an
influence on the thickness of buccal and lingual bone
plates. This condition can be attributed to thinner
buccal plates when compared to lingual or palatal
plates.

In accordance with the literature, the majority of
fenestrations were found in the maxilla (around first
premolars) and the majority of dehiscences were
found in the mandible (around central incisors) in all
groups.34 The possible reason for fenestrations at

Table 4. Percentage of Fenestration and Dehiscence for Different Vertical Growth Patterns

Vertical Growth Patterns Sides

Fenestration Dehiscence

Maxilla, % Mandible, % Maxilla, % Mandible, %

Hyper-divergent Buccal 61.19* 66.67* 97.37* 100*

Lingual 38.81 33.33 2.63 0.00

Normo-divergent Buccal 83.02* 83.33* 77.59* 95.83*

Lingual 16.98 16.67 22.41 4.17

Hypo-divergent Buccal 70.67* 71.43* 100* 100*

Lingual 29.33 28.57 0.00 0.00

* Indicates P , .05.

Table 5. Percentage of Alveolar Defects in Patients with Different Vertical Growth Patterns According to Tooth Type

Tooth

Type

Fenestration Dehiscence

Maxilla, % Mandible, % Maxilla, % Mandible, %

Hyper-

Divergent

Normo-

Divergent

Hypo-

Divergent

Hyper-

Divergent

Normo-

Divergent

Hypo-

Divergent

Hyper-

Divergent

Normo-

Divergent

Hypo-

Divergent

Hyper-

Divergent

Normo-

Divergent

Hypo-

Divergent

Central 4.49 0.00 4.00 16.66 16.66 14.28 21.05 22.41 5.71 25.69 25.00 30.55

Lateral 2.98 13.20 16.00 16.67 16.66 21.43 10.53 15.51 17.14 23.61 22.50 23.15

Canine 4.48 7.55 5.33 8.33 0.00 7.14 36.84 24.13 28.57 22.22 18.33 19.44

First

premolar 29.85 43.39 38.66 8.33 16.66 7.14 7.89 12.07 8.57 15.97 17.50 22.22

Second

premolar 14.92 7.55 6.66 16.67 50.00 14.28 0.00 1.72 2.85 6.94 7.50 2.77

First

molar 28.36 16.98 16.00 8.33 0.00 14.28 23.68 20.89 34.28 4.17 5.00 0.92

Second

molar 14.92 11.32 13.33 25.00 0.00 21.43 0.00 3.45 2.85 1.38 4.17 0.92
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the first premolars could be the anatomical charac-
teristics of the maxilla.35 The maxillary first premo-
lars are located in an area that becomes narrower
upwards.17 The incidence of dehiscence is positively
correlated with thin alveolar bone.36 In the mandible,
the bone becomes thinner from the posterior to the
anterior region.37 Unless a proper orthodontic
treatment plan is established, alveolar defects have
the potential to create gingival recession or tooth
mobility. Orthodontic mechanics per se may result
in dehiscence and/or fenestration, based on the
initial morphology of the alveolar bone as well as on
the amount of tooth movement. Orthodontists must
be aware of these predisposing factors, and
movements in the labio-lingual direction should be
limited.

In general, fenestrations are commonly observed in
the maxilla, whereas dehiscences are more predom-
inant in the mandibular arch. Further studies should be
conducted to confirm and expand the results of the
present study on anterior teeth and to determine the
predictability of the detection of fenestrations of
posterior teeth using CBCT scans.

CONCLUSIONS

N A prevalence of dehiscences was found in all
different vertical growth patterns.

N Hypo-divergent subjects had less dehiscence prev-
alence than did the hyper-divergent and normo-
divergent groups.

N While fenestration was seen in the maxillary premo-
lar region, dehiscence was seen in the mandibular
anterior region.
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