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‘‘Bone traces tooth movement’’ is a basic axiom in
orthodontics; it suggests that whenever orthodontic
tooth movement occurs, bone around the alveolar
socket will remodel to the same extent.1 Because bone
resorption occurs in the direction of tooth movement,
the reduced volume of the alveolar bone, sometimes
with minimal thickness and sometimes nonexistent, is
a complicating factor for orthodontic treatment.2 The
biologic and biomechanical factors are closely related
and determine the potential side effects of orthodontic
treatment, such as external root resorption, dehiscence, fenestration, and gingival recession.3
Gingival recession is described as exposure of the
root surface by an apical shift in the position of the
gingiva.4 Many factors may contribute to the development of recessions, including difficulty in plaque control
due to fixed orthodontic appliances, coronally attached frenal and muscle attachments, abnormal tooth
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ABSTRACT
Objective: To test the null hypothesis that the presence of dehiscence and fenestration was not
different among patients with skeletal Class I, II, and III malocclusions.
Materials and Methods: In this retrospective study, a total of 123 cone-beam computed
tomography (CBCT) images were obtained with an iCAT scanner (Imaging Sciences International,
Hatfield, Pa). Patients with normal vertical patterns were classified according to dental
malocclusion and ANB angle. Class I comprised 41 patients—21 girls and 20 boys (mean age,
22.4 6 4.5 years); Class II comprised 42 patients—22 girls and 20 boys (mean age, 21.5 6
4.2 years); and Class III comprised 40 subjects—22 girls and 18 boys (mean age, 22.1 6
4.5 years). A total of 3444 teeth were evaluated. Analysis of variance and Tukey’s test were used
for statistical comparisons at the P , .05 level.
Results: Statistical analysis indicated that the Class II group had a greater prevalence of
fenestration than the other groups (P , .001). No difference was found in the prevalence of
dehiscence among the three groups. Although fenestration had greater prevalence in the maxilla,
more dehiscence was found in the mandible for all groups. In Class I, alveolar defects (dehiscence,
fenestration) were matched relatively in both jaws. Furthermore, Class II and Class III subjects had
more alveolar defects (41.11% and 45.02%, respectively) in the mandible. Dehiscences were seen
with greater frequency in the mandibular incisors of all groups.
Conclusion: The null hypothesis was rejected. Significant differences in the presence of
fenestration were found among subjects with skeletal Class I, Class II, and Class III malocclusions.
Fenestrations had greater prevalence in the maxilla, but more dehiscences were found in the
mandible. (Angle Orthod. 2012;82:67–74.)
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Thus, the aim of this study was to evaluate the null
hypothesis that the presence of dehiscence and
fenestration was not different among patients with
skeletal Class I, Class II, and Class III malocclusions.
MATERIALS AND METHODS
A power analysis established by G*Power, version
3.0.10 (Franz Faul, Universität Kiel, Kiel, Germany)
software, based on 1:1 ratio between groups, with
sample size of 40 patients, would give more than 70%
power to detect significant differences with 0.40 effect
size and at the a 5 .05 significance level.
The present study was carried out on the CBCT
scans of three groups selected from the archives of the
Oral and Maxillofacial Radiology Department of Dicle
University. By January 2011, 1520 sets of images
were in the database of the department. Because this
study was an archive study, no ethical approval was
gained.
CBCT images of 142 patients (mean age, 18 to
30 years) were analyzed, and the criteria presented in
Table 1 were followed for sample selection. Of 142
images, 123 tomographs were included in the present
study. These tomographs were obtained by using
CBCT (iCAT, Model 17–19, Imaging Sciences International, Hatfield, Pa) with a single 360-degree rotation
and a voxel size of 0.3 mm at the following settings:
exposures were made with 5.0 mA, 120 kV, and
exposure time of 9.6 seconds, and axial slice thickness
was 0.3 mm.
The tomographs were classified into three groups on
the basis of dental malocclusion. The Class I malocclusion group (ANB 5 0 to 4 degrees) comprised 41
patients—21 girls and 20 boys (mean age, 22.4 6
4.5 years), the Class II malocclusion group (ANB . 4
degrees) comprised 42 patients—22 girls and 20 boys
(mean age, 21.5 6 4.2 years), and the Class III
malocclusion group (ANB , 0 degrees) comprised 40
subjects—22 girls and 18 boys (mean age, 22.1 6
4.5 years). All teeth except the third molars were
included, and a total of 3444 teeth were evaluated.
Table 2 shows sample characteristics according to
malocclusion.
Primary and secondary reconstructions of the data
were performed with iCAT software. This secondary
reconstruction allowed us to create three-dimensional
projections of images with maximum intensity for
making linear measurements. Each tooth root was
evaluated in axial and cross-sectional slices at buccal
and lingual surfaces. The situation showing no cortical
bone around the root in at least three sequential views
was accepted as an alveolar defect. If the alveolar
bone height was more than 2 mm from the cementoenamel junction,20 it was classified as dehiscence
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position, overhanging restorations or crowns, transverse expansion, proclination of teeth, fenestration, and
dehiscence.5 These predisposing factors contribute to
the establishment and/or progression of gingival inflammation and the formation of dehiscence.6
Clinically, gingival recession is always accompanied
by alveolar bone dehiscences.7 Whether underlying
bone dehiscence is developed before or parallel with
gingival recession has not been clarified.8 Alveolar
dehiscence is a defect that results in lowering of the
crestal bone margin to expose the root surface.9
Fenestrations are isolated areas in which the root is
denuded of bone, and the root surface is covered only
by periosteum and overlying gingiva.5 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.10 To avoid these
problems, the alveolar morphology must be determined before orthodontic treatment through imaging,
which shows bone topography and anatomy.11
Until the introduction of computed tomography (CT),
visualization of labial/buccal and lingual bone plates
was not possible because of image superimposition
associated with conventional radiographs, and because the gingival covering interfered with clinical
analysis.12 Cone-beam computed tomography (CBCT)
has provided the means to visualize these defects
three-dimensionally.13 CT images can show bone
dehiscence and fenestration by means of high
definition and sensitivity.14 CBCT yields high-definition
images of teeth and bone at a far lower dosage of
radiation than is used with medical imaging and closer
to the range of standard dental film series.15
Various animal experiments have shown that loss of
thin bone plates may be induced by orthodontic tooth
movement.16 Therefore, the choice of treatment plan
should be greatly influenced by bone morphology and
the position of the teeth.17,18 Visualization of anatomic
details of our patients and comprehension of tooth
movement collateral effects permit us to recognize our
limits and to practice safe orthodontics.12
Only a few studies have evaluated the presence of
alveolar defects with CT. Garib et al.12 evaluated
alveolar bone morphology visualized by means of CT.
Leung et al.19 investigated the accuracy and reliability
of CBCT in the diagnosis of fenestration and dehiscence on dry human skulls. Recently, Evangelista
et al.11 compared the presence of dehiscence and
fenestration between patients with Class I and Class II
division 1 malocclusions.
To date, no study has been undertaken to compare
the presence of alveolar defects in subjects with Class
I, Class II, and Class III malocclusions, with CBCT.
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Table 1. Adopted Criteria for Sample Selection
Inclusion Criteria

Exclusion Criteria

(Figure 1). When the defect did not involve the alveolar crest, this case was classified as fenestration
(Figure 2).
Statistical Analysis
All statistical analyses were performed with the
Statistical Package for the Social Sciences (SPSS),
version 13.0 (SPSS Inc, Chicago, Ill). The normality
test of Shapiro-Wilks and Levene’s variance homogeneity test were applied to the data, which were found to
be normally distributed with homogeneity of variance
among groups. Thus, statistical evaluation was performed using parametric tests.
Arithmetic mean and standard deviation values were
calculated for each measurement.
Statistical comparisons of alveolar defects in subjects in different malocclusion groups were undertaken
by one-way analysis of variance (ANOVA) and Tukey’s
Honestly Significant Differences (HSD) test. When the
P value was less than .05, the statistical test was
determined to be significant.
Table 2. Mean Values (6Standard Deviations) for Age, ANB,
Overjet, and SN-GoGn in Patients With Class I, Class II, and Class
III Malocclusions
Descriptive
Values
Age, y
ANB, degrees
Overjet, mm
SN-GoGn,
degrees

Class I

Class II

Class III

22.4 6 4.5
2.1 6 0.7
1.9 6 1.4

21.5 6 4.2
6.4 6 1.6
5.8 6 3.0

22.1 6 4.5
(2)1.5 6 1.1
(2)1.3 6 1.5

32.0 6 3.5

32.1 6 4.5

32.2 6 4.2

Age younger than 18 and older than 30 years
Images suggesting periodontal disease such as horizontal or vertical
proximal bone loss
Patients who had metal prostheses
Partial and low-resolution images
Unilateral or bilateral posterior cross-bites
Congenitally missing or extracted teeth
Mixed/deciduous dentition
Young people now in or who had been under orthodontic treatment
Previous history of nasal respiratory complex surgery
Deformity in nasomaxillary complex
Head or neck injury
Vestibular or equilibrium problems
Nasal allergic conditions or airway obstructions
Visual, hearing, or swallowing disorders, and facial or spinal
abnormalities (ie, torticollis, scoliosis, or kyphosis)
Severe crowding
Severe or underdeveloped vertical pattern (Sn-GoGn angle of 27
degrees or less or Sn-GoGn angle of 37 degrees or more)
Extensive carious lesions

RESULTS
According to ANOVA, statistically significant differences were found in fenestration measurements
among patients with different Angle malocclusion
groups (P 5 .001) (Table 3). Tukey’s HSD test
indicated that Class II patients had a greater prevalence of fenestration than patients in the other groups
(P 5 .001). No significant difference was noted in
the incidence of dehiscence among the three groups
(P 5 .139).
Tables 4 to 6 show the distributions and incidences
of alveolar defects. Although fenestrations had greater
prevalence in the maxilla, a greater number of
dehiscences were found in the mandible for all groups.
In the Class I group, alveolar defects were found to be
relatively similar in both jaws (Table 4). Furthermore,
Class II and Class III groups had more alveolar defects
in the mandible (41.11% and 45.02%, respectively).
Alveolar defects were more predominant in the
buccal root surfaces (Table 5). Most cases of fenestration in the maxilla were seen at the first premolars
(Class I group, 36.78%; Class II group, 24.75%; Class
III group, 35.38%) and at the first molars (Class I,
21.83%; Class II, 20.79%; Class III, 33.84%) in all
groups. Dehiscences were seen with greater frequency in the mandibular incisor region for all groups
(Table 6).
DISCUSSION
Because underestimated or misdiagnosed buccal
alveolar bone defects can cause treatment relapse21 or
Angle Orthodontist, Vol 82, No 1, 2012
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Age between 18 and 30 years
For Class I samples: bilateral Class I molar and canine relationships,
ANB between 2 and 4, and overjet between 1 and 4 mm
For Class II samples: bilateral Class II molar and canine relationships,
ANB $4, and overjet .4 mm
For Class III samples: bilateral Class III molar and canine relationships,
ANB #2, and overjet ,1 mm
No posterior cross-bites
No congenitally missing or extracted teeth
Permanent dentition
Lack of orthodontic treatment and/or maxillary functional
orthopedic treatment
No history of nasal respiratory complex surgery
No deformity in nasomaxillary complex
No head or neck injury
No vestibular or equilibrium problems
No nasal allergic conditions or airway obstructions
No visual, hearing, or swallowing disorders, and facial or spinal
abnormalities (ie, torticollis, scoliosis, or kyphosis)
Mild to moderate crowding
Normal vertical pattern (Sn-GoGn angle from 27 to 37 degrees)
No caries
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gingival recession,22 identification of alveolar bone
defects before orthodontic treatment is critical in
treatment planning. Also, orthodontic mechanics can
decentralize teeth from the alveolar bone envelope,
causing bone dehiscences and fenestrations, depending on the initial morphology of alveolar bone and the
amount of tooth movement.12
Before the introduction of CT, visualization of labial/
buccal and lingual bone plates was not possible
because of image superimposition associated with
conventional radiographs, and because the gingival
covering interfered with clinical analysis.12 Use of highresolution CT enables us to examine the shape and
size of alveolar bones without the disadvantages of
conventional radiographs.23 These images are not
subjected to distortion or superimposition and facilitate
quantitative and qualitative evaluation of bone surfaces and quantitative evaluation of the relationship
between teeth and bone.24 Because they have high
resolution and sensitivity, helical CT14 and CBCT
images can demonstrate bone dehiscences and
fenestrations.15 Spiral CT and helical CT use more
radiation and have higher costs than CBCT, and their
use is limited for routine dental radiography.25 Because
of these advantageous properties, CBCT scans
Angle Orthodontist, Vol 82, No 1, 2012

obtained from the archive were used to determine
alveolar defects in the current study.
Facial types of subjects may have an effect on the
morphology of buccal and lingual bone plates. Although hypodivergent subjects present thicker alveolar
ridges,26 hyperdivergent subjects have thinner alveolar
ridges, especially in the mandibular anterior region.2
Therefore, orthodontic treatment planning presents
less restriction for moving the lower incisors in the
labiolingual direction in hypodivergent subjects.12 On
the other hand, Evangelista et al.11 reported that facial
types do not affect the prevalence of alveolar defects.
In the current study, only normodivergent subjects
were evaluated. Further investigation is useful to
determine whether a facial growth pattern has an
influence on the morphology of alveolar bone.
Investigation on human skulls by Rupprecht et al.27
showed that African American males and white
females are significantly more likely to have dehiscences, and African American females are significantly
more likely to have fenestrations.27 In the current study
for the present population, all samples showed a
higher prevalence of dehiscences than fenestrations.
Dehiscences could be determined easily and more
accurately than fenestrations with CBCT. Although the
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Figure 1. Dehiscence in at least three sequential views.
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apical base.29 In the current study, Class II samples
had significant fenestration prevalence (18.33%) compared with Class I (1.73%) and Class III (2.38%)
samples at the mandibular region (P , .001). On the
other hand, alveolar defects of the maxillary teeth had
similar prevalence to Class I samples. Among Class II
subjects, the teeth most affected were the mandibular
central (31.57%) and lateral incisors (37.89%). This
result may be attributed to the thinner bone structure in
the lower anterior region. Another explanation for the
increased prevalence of dehiscence could be the
dentoalveolar compensation seen in Class II patients.
Therefore, for labiolingual movement of the mandibular
incisors, tooth tipping should be preferred over bodily
tooth movement in Class II patients.

densities of cementum and bone are similar because
of their similar hydroxyapatite content,4 enamel has
more hydroxyapatite content. Therefore, drawing the
attention of the investigator to this density difference
may lead to overdetermination of dehiscence. Additionally, the bone margin has a certain thickness,
which can cause difficulty in selecting the point
accurately for measurement.19
A large number of studies have associated the
protrusion of maxillary anterior teeth with the majority
of Class II patients. Riedel28 noted that the maxillary
incisors in Class II malocclusions are twice as far
anterior to the facial plane as those in normal
occlusion. Besides, mandibular incisors are strongly
inclined buccally and are protruded in relation to the

Table 3. Mean Values (mm) (6Standard Deviations) for Alveolar Defects in Patients With Class I, Class II, and Class III Malocclusions
Class I

Fenestration
Dehiscence
Alveolar defect
a

Class II

Class III

Tukey’s HSD

Mean

SD

Mean

SD

Mean

SD

ANOVA P Value

I–II

I–III

II–III

3.39
5.36
8.75

4.57
5.42
5.67

7.00
6.14
13.14

5.56
5.06
9.34

2.71
9.57
12.29

3.96
8.45
7.95

.001
.139
.089

.015

.854

.003

ANOVA indicates analysis of variance; Tukey’s HSD, Tukey’s Honestly Significant Differences.
Angle Orthodontist, Vol 82, No 1, 2012
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Figure 2. Fenestration in at least three sequential views.
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Table 4. Distribution of Alveolar Defects in Maxilla and Mandible for Different Malocclusions
Fenestration

Dehiscence

Alveolar Defects

Angle Classifications

Maxilla, %

Mandible, %

Maxilla, %

Mandible, %

Maxilla, %

Mandible, %

Class I
Class II
Class III

18.83
19.49
14.06

1.73
18.33
2.38

8.44
10.42
15.36

24.02
22.77
42.64

27.27
29.92
29.43

25.75
41.11
45.02

Table 5. Incidence of Fenestration and Dehiscence for Different Malocclusions
Fenestration
Maxilla, %
Angle Classifications

Mandible, %

Maxilla, %

Mandible, %

Buccal

Lingual

Buccal

Lingual

Buccal

Lingual

Buccal

Lingual

71.00
86.13
75.38

29.00
13.87
24.62

62.50
97.89
63.63

37.50
2.11
36.37

74.35
90.74
92.95

25.65
9.26
7.05

96.39
100.00
98.98

3.61
0.00
1.02

When the groups were evaluated, Class III samples
showed the least fenestration and the greatest
dehiscence prevalence (fenestration: maxilla,
14.06%, mandible, 2.38%; dehiscence: maxilla,
15.36%, mandible, 42.64%). Studies on the components of Class III malocclusions revealed that Class III
patients have protrusive maxillary incisors and retrusive mandibular incisors.30 Moreover, Class III patients
present a thinner mandibular symphysis even than
Class I and Class II patients.31 The type of tooth
movement depends on the line of action of force
related to the center of resistance of teeth.32 Labiolingual movement of the incisors should be carefully
planned in Class III treatments.
The presence of dehiscences and fenestrations is
positively correlated with thin alveolar bone and is
negatively correlated with occlusal attrition.27 In the
mandible, the thickness of the alveolar ridge is
remarkably decreased from the posterior to the
anterior region.33 Before orthodontic treatment, bone
dehiscences are common in the mandibular symphysis
region, especially among adults.16 In accordance with
the literature, dehiscence was more frequently found in
the mandible, whereas fenestration was more frequent
in the maxilla.11,27 According to present findings, the

most frequent dehiscence was seen in the mandibular
anterior segment for all samples. The most frequent
fenestration in the maxilla was seen at the first
premolars for all groups (Class I, 36.78%; Class II,
24.75%; Class III, 35.38%). One possible explanation
for this distribution was the anatomic characteristics of
the maxilla.12 The maxillary first premolars are located
in an area that becomes narrower upward.12 The
buccal-lingual movement of the maxillary first molars
can have detrimental effects on the health of the teeth
and the periodontium. For this reason, a CBCT
investigation would be useful for assessment of
premolar inclination to put the teeth in the center of
the alveolus.
Crowded and misaligned teeth are possible risk
factors for bone dehiscences and fenestrations.16
Inadequate bone support during orthodontic movement may have deleterious effects on teeth and the
periodontium.34 Therefore, buccal-lingual movements
present greater risk for breaking the limits of the
alveolar bone, causing buccal and lingual bone plate
resorption. Studies have shown greater prevalence of
alveolar defects on the buccal surface than on the
lingual surface.11,27 This may be attributed to narrower
bone at the buccal surface, where the amount of

Table 6. Incidence of Alveolar Defects in Tooth for Different Malocclusions
Class I
Fenestration

Class II
Dehiscence

Fenestration

Class III
Dehiscence

Fenestration

Dehiscence

Tooth

Max, %

Man, %

Max, %

Man, %

Max, %

Man, %

Max, %

Man, %

Max, %

Man, %

Max, %

Man, %

Central incisor
Lateral incisor
Canine teeth
First premolar
Second premolar
First molar
Second molar

3.44
6.89
6.89
36.78
9.19
21.83
14.94

12.50
12.50
0.00
12.50
25.00
12.50
25.00

23.07
17.94
20.51
12.82
5.12
17.94
2.56

27.92
23.42
21.62
20.72
2.70
0.90
2.70

11.88
16.83
14.85
24.75
5.94
20.79
4.95

31.57
37.89
15.78
6.31
3.15
5.26
0.00

18.51
14.81
31.48
11.11
3.70
14.81
5.55

27.11
21.18
21.18
17.79
10.16
2.54
0.00

0.00
7.69
6.15
35.38
6.15
33.84
10.76

0.00
9.09
9.09
0.00
45.45
9.09
27.27

21.12
14.08
28.16
14.08
0.00
18.3
4.22

25.88
21.82
21.31
15.73
8.12
4.56
2.53

a

Max indicates maxilla; man, mandible.

Angle Orthodontist, Vol 82, No 1, 2012
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Class I
Class II
Class III

Dehiscence
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marrow bone is less dense than in the lingual region.11
Dehiscence and fenestration of the buccal cortical
plate have been reported in rapid maxillary expansion,
suggesting that root movement of the buccal dental
segment exceeds lateral bone remodeling.35 Even a
single tooth movement in a buccolingual direction can
produce the same effect.36 Further investigation is
needed to determine whether maxillary expansion
creates alveolar defects.

12.

13.

14.

CONCLUSIONS
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