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Peridental bone changes after orthodontic tooth movement with fixed

appliances:
A cone-beam computed tomographic study

Fabian Jager®; James K. Mah®; Axel Bumann®

ABSTRACT

Objective: To quantify treatment-related changes in peridental bone height and thickness in
orthodontic patients.

Materials and Methods: Cone-beam computed tomographs (CBCTs) of 43 patients (24 female, 19
male; mean age: 25 years, 5 months) who underwent orthodontic treatment with multibracket
appliances for at least 1 year were chosen for retrospective evaluation. Dehiscence depth and
changes in bone width and tooth inclination were determined for 954 teeth.

Results: There was a significant decrease in peridental bone height (dehiscence; —0.82 = 1.47
mm) and bone thickness (—0.56 = 0.7 and —0.69 = 0.9 mm at 5 mm and 10 mm apical to the CEJ,
respectively) during treatment (P < .001). A significantly greater dehiscence depth with increased
vertical bone loss occurred in patients older than 30 years. In patients <30 years old, approximately
20% of the teeth showed defect depths >2 mm before treatment. In 90% of these patients, at least
one tooth was affected. The maxillary canines and all mandibular teeth showed a higher risk for
vestibular bone loss. Treatment changes in tooth inclination were correlated with horizontal bone
loss.

Conclusions: Based on these results, it seems reasonable to recommend that peridental bone in
orthodontic patients older than 30 be evaluated on a routine basis due to the risk of increased
vertical bone loss. Ninety percent of patients younger than 30 showed reduced bone height

(dehiscence) of the periodontium of at least one tooth. (Angle Orthod. 2017;87:672—-680.)
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INTRODUCTION

Despite contemporary orthodontic treatment meth-
ods, the occurrence of gingival recession is still a
negative side effect. There is widespread agreement
that the thickness of the anterior alveolus should be
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considered a limiting factor for orthodontic treatment.’
Crossing these anatomical boundaries is clearly
associated with an increased risk of treatment-related
bone loss and the formation of alveolar defects.? It is
important to distinguish between fenestrations and
dehiscences. A fenestration occurs when bone covers
the root coronally; if the defect is not limited by bone
coronally, it is a dehiscence.® However, alveolar
defects are not solely orthodontic issues because they
can be detected in many untreated patients as well.*
The prevalence of alveolar defects increases with
age.*® Studies have determined that there are no
differences in prevalence between women and men,’
whereas other authors have detected an increased
frequency of these defects in men.® There is a similar
disagreement concerning different prevalences in the
maxilla and mandible. Most authors have documented
an increased prevalence of dehiscences in the
mandible, while fenestrations were detected predom-
inantly in the maxilla.**"

DOI: 10.2319/102716-774.1
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Table 1. Patient Population —Age And Sex Distribution

Total Male Female Mean Age SD Age.. Age, .
Age Group N (%) (Y, Mo)
Male 19 (44.2) - - 24.0 11.11 13.6 49.10
Female 24 (55.8) - - 26.7 14.8 10.2 56.9
10-15y 13 (30.2) 4 (30.8) 9 (69.2) 13.7 1.5 10.2 14.11
15-30y 16 (37.2) 9 (56.2) 7 (43.8) 19.9 3.9 15.8 28.3
>30y 14 (32.6) 6 (42.9) 8 (57.1) 43.0 7.4 31.7 56.9
Totals 43 (100) 19 (44.2) 24 (55.8) 255 13.5 10.2 56.9

Visualization of three-dimensional structures of the
hard and soft tissues with conventional imaging
techniques is inadequate because problems such as
superimposition and distortion limit a precise repro-
duction of periodontal information."" Special three-
dimensional recording methods, such as computed
tomography (CT), may be used to image these
structures. To overcome the limited capacity of
conventional imaging methods while minimizing costs
and radiation exposure for patients, cone-beam com-
puted tomography (CBCT) may be the method of
choice.™

Linear measurements, particularly with respect to
quantitatively evaluating bony dehiscences, have been
demonstrated using CBCT."®'* However, others have
claimed there is a significant overestimation of dehis-
cences and fenestrations by CBCT imaging.'

CBCT scanners are not all the same and can vary
substantially with regard to the applied radiation
dose.’® Depending on the field of view, recording
protocol, and manufacturer, the effective dose ranges
between 13 and 498 uSv, with most CBCT scans
resulting in 30—80 pSv."™'®"” With indication-dependent
dose reduction concepts, the claim of minimal radiation
exposure can be met.

Recent findings have documented a high subject-
related prevalence of alveolar defects before ortho-
dontic treatment,* whereas the available data on bone
loss during contemporary orthodontic treatment is
either outdated or includes only a small and limited
patient population, selected by type of malocclusion'®
or growth pattern,® or it is restricted solely to the
anterior region." The aim of this study was to evaluate
the treatment-related bone loss of explicitly unselected
patients during modern orthodontic treatment. A
quantitative evaluation of treatment-related changes
in bone height and width was conducted.

MATERIALS AND METHODS

After approval by the ethics committee of the
Charité-Universitatsmedizin Berlin, volumetric patient
images were recruited retrospectively from the EU-
certified, long-term archive of the national 3D-
Roéntgennetzwerk MESANTIS. Permission to view

and analyze the images involved in this study was
obtained. Each indication for a CBCT image was
individually justified by a dentist with the appropriate
professional qualification and was performed indepen-
dently of the present retrospective study. Therefore, no
patient was exposed to radiation for the specific
purpose of this study. Scans were performed with the
i-CAT Next Generation (Imaging Sciences Internation-
al, Hatfield, Pa), with a field of view of 13 X 16 cm and
an image resolution of 0.25-mm voxel size. Each
patient was treated with the straight-wire technique
having an 0.022-inch slot size and MBT prescription.
The radiological status of the selected patients was
documented before (T0O) and after orthodontic treat-
ment (T1) with CBCT imaging. Patients who underwent
orthognathic surgery, had severe crowding, suffered
from periodontitis, or had teeth with carious lesions or
restorations near the cementoenamel junction (CEJ)
were excluded. Because of the retrospective character
of this study, there were no data on the periodontal
sulcus depth before or after treatment, but professional
oral hygiene was performed and patients were
instructed on a standardized oral hygiene protocol
before and during treatment on a regular basis.

The sample was composed of 43 patients treated
between August 2007 and March 2012, including 19
men and 24 women with a mean age of 25 years, 5
months (Table 1). The patient population was divided
into three age groups. Analysis was done separately
for patients aged 10-15 years, 15-30 years, and
subjects >30 years. In this study, all fully erupted
permanent teeth up to and including the first molars
were examined (n = 954).

The period between the first and second CBCT
imaging was 20 = 8 months (12—-45 months). Between
the evaluation of pre- and posttreatment CBCTs, an
interval of at least 6 months was maintained, and
measurements were performed blind.

All measurements were performed by a single
calibrated examiner who was trained for 10 days by a
senior employee of the radiological institute MESAN-
TIS before data collection. The measurement method-
ology was based on the research of Fuhrmann.?® Two
measurement parameters were gathered that provided
information on the peridental bone. The dehiscence
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Figure 1. Example measurement of dehiscence depth of tooth 25.

depth was measured parallel to the tooth axis as the
distance between the CEJ and the cervical bone
margin (Figure 1). Bone thickness was measured as
the linear distance between the buccal and lingual
tooth boundaries and the extreme bone edge perpen-
dicular to the tooth axis at 5 mm and 10 mm,
respectively, apical to the CEJ (Figure 2). Additionally,
the changes in bone were assessed with a parameter
that quantified orthodontic tooth tipping by evaluating
the vestibulo-oral inclination of the tooth axis in relation
to the occlusal plane (Figure 3). All measurements
were made in the multiplanar view.

Statistical analyses including exploratory data anal-
ysis and nonparametric tests, as well as the generation
of charts, were conducted using the statistical software
SPSS Statistics (Statistical Package of Social Science,
Version 20, Chicago, lll). Post hoc analyses were
executed for the respective n. To calculate the power
1—-pB, a significance level of o = .05 was used, and the
effect size was d = 0.5. According to the Kolmogorov-
Smirnov test, no parameter except the inclination of the
teeth showed a normal distribution. Therefore, non-
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parametric tests were performed in addition to the ttest
for paired samples. Repeated measurements of 50
randomly selected teeth from 10 CBCTs of different
patients were made to ascertain the errors in mea-
surement by means of the Dahlberg formula and the
Houston reliability coefficient. The interval between
repeated measurements was at least 24 hours.

RESULTS

The error of measurement was less than 0.1° for
inclination and less than 0.01 mm for measures of the
peridental bone. The Houston reliability coefficient was
99.8 for all three parameters.

The amount of vertical bone decreased significantly
with treatment, both on the facial and lingual sides (P <
.01). Of the examined teeth, 79.6% showed an
enlargement in vestibular dehiscence depth, with a
mean change in all teeth of 0.82 = 1.47 mm (range,
—1.27 to +9.5 mm). A frequency distribution of the
treatment-related changes in defect depth is shown for
the vestibular side in Figure 4, and for the lingual side
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Figure 2. Example measurement of bone thickness at 5 and 10 mm apical to the CEJ of tooth 25 on the vestibular and lingual aspects.

in Figure 5. An increase in lingual dehiscence depth
occurred in 79.4% of the teeth with the mean change
averaging 0.57 = 0.79 mm (range, —1.84 to 6.07 mm).

During treatment, all measures of bone thickness
showed a significant reduction. The combined (facial
and lingual) change in bone thickness averaged —0.56
+ 0.7 mm at 5 mm apical to the CEJ, and —0.69 = 0.9
mm at 10 mm apical to the CEJ. Lingual bone
thickness 10 mm apical to the CEJ decreased
significantly by an average of —-0.4 * 0.78 mm and
was greater than the treatment-related bone thickness
decrease observed at other sites. There were no
significant differences in treatment-related changes of
bone height and thickness between males and
females.

Among age groups, there were significant differenc-
es in both the pre- and posttreatment defect depths
(dehiscences) on the vestibular and lingual aspects (P
< .001; Table 2). Of the examined teeth, 21.1% of the
<30-year-olds showed pretreatment vestibular defect
depths exceeding 2 mm. At least one tooth was
affected in 89.7% of these patients (Figures 6 and 7). In

this age group, a treatment-related loss of vestibular
vertical bone height exceeding 2 mm was found in
8.2% of the examined teeth. In 75.9% of patients in this
age group, at least one tooth was affected. Table 3
displays the percentages of teeth and patients affected
in each age group.

The thickness of bone decreased significantly during
treatment in all age groups. Younger patients had
greater bone thickness, especially before orthodontic
treatment, and greater treatment-related decreases.

There was a significantly lower bone height and
greater treatment-related loss in vestibular vertical
bone in the mandible than in the maxilla. However,
treatment-related changes in maxillary bone thickness
were greater than the changes in lingual bone
thickness and overall bone thickness observed in the
mandible. Comparing the different groups of teeth, the
mandibular incisors displayed an increased treatment-
related vertical bone loss. A summary of the changes
in defect depth on the vestibular side for each tooth
type is illustrated in Figure 8. Average vertical bone
loss for each tooth, in each age group on the vestibular

Angle Orthodontist, Vol 87, No 5, 2017
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Figure 3. Example measurement of the vestibulo-oral inclination of tooth 25.

and lingual aspects, respectively, are depicted in
Figures 9 and 10. The frequency of posttherapeutic
vestibular defect depths >2 mm was over 20% in all
groups of teeth and was most frequently observed in
maxillary canines at 58.67%. In addition, the frequency
was greater than 50% in the mandibular premolars,
mandibular canines and mandibular incisors. Bone
thickness decreased during treatment to a greater
extent in the maxillary premolars and molars than in
other groups of teeth.
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Figure 4. Frequency distribution of the amount of treatment-related
vertical bone loss (dehiscence) on the vestibular (buccal) tooth
aspect.
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There was no significant correlation between the
extent of pretreatment vestibular defect depth and the
treatment-related change in this measure. Moreover,
there were no correlations between the changes in the
parameters of bone thickness and the treatment-
related loss in vestibular bone height. That said, there
was a slight relationship between the change of the
lingual defect depth (dehiscence) and changes in bone
thickness observed.

There was a significant correlation between the
change in inclination and change in bone thickness but
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Figure 5. Frequency distribution of the amount of treatment-related
vertical bone loss (dehiscence) on the lingual aspect.
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Table 2. Size of Dehiscence Depths Pre- (T0) and Posttreatment (T1) and Their Relations in Terms of Age-Specific Differences
Vestibular Defect Depth = SD (mm) Lingual Defect Depth = SD (mm)

Age Group TO T1 Change TO T1 Change
AG1 (10-15 years) 1.25 = 1.71 1.99 + 2.23 0.7 = 0.08 0.64 = 0.75 1.18 = 1.08 0.5 = 0.05
AG2 (15-30 years) 1.84 = 1.94 253 + 224 0.7 = 0.06 1.26 = 1.47 1.73 = 1.69 0.5 = 0.04
AG3 (>30 years) 2.35 + 2.08 3.38 + 2.92 1+ 01 1.88 = 1.40 2.6 = 1.63 0.7 = 0.05
Significance <.001 <.001 .059 <.001 <.001 <.001

no correlation between inclination change and vertical
bone loss. Bone thickness decreased in the apical
region on the side toward which a root was moving and
increased in both the cervical and apical region on the
opposite side.

DISCUSSION

Since the population studied consisted of patients
who underwent routine orthodontic treatment, the data
presented should be considered clinically important.
Conversely, the deliberately inhomogeneous patient
population, in combination with the application of few
exclusion criteria, also restricts the application of the
results obtained because there was a wide age range,
a lack of assessment of specific periodontal parame-
ters, and unidentified types of tooth movement that
were induced due to the wide range of pretreatment
malocclusions present. Therefore, it is critical that
further studies be conducted to assess the relevance
of the present results.

The main criterion of including CBCT data available
with a voxel size below 0.25 mm, along with evaluation
in the multiplanar view, was meant to improve mea-
surement accuracy. There are fewer false negative
results using these methods compared with the volume-
rendering view.'® Nevertheless, it should be kept in mind
that there is a general risk of overestimating fenestra-
tions and dehiscences in CBCTs.?' Computer-assisted
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Figure 6. Age-specific prevalence of vestibular dehiscences exceed-
ing 2 mm before (T0) and after (T1) orthodontic treatment.

superimposition was considered in evaluating bone
levels. Due to the fragility of the structures analyzed and
the small treatment-related differences, the expected
error of superimposition was considered too large. The
calculated reliability of vestibular bone height and width
exceeding values reported in the literature®® and a
possible bias due to having only one investigator
involved in the study has to be considered.

The magnitude of increases in defect depth (dehis-
cence) found in this study slightly exceeded that found
in previous studies.”**** In agreement with other
studies, however, deep dehiscences occurred less
frequently on the lingual.**™ A large interindividual
variation in vertical bone height was also observed.” In
agreement with previous studies, there was no
significant correlation between the extent of the
pretreatment dehiscence and the magnitude of change
occurring during treatment.®®

The correlation between treatment-related changes
in tooth inclination and changes in bone thickness
found in this study is consistent with findings of
previous studies in which it was observed that the
greatest treatment-related bone loss was on the side
toward which a tooth was moved.?***” On this side,
bone loss occurred predominantly in the cervical and
middle-root sections.?®

The mean treatment-related loss in vertical bone
height for the three age groups was consistent with
observations from other studies.® Although a correla-
tion between increased age and increased prevalence
and dehiscence depth is described in the literature,>®
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Figure 7. Age-specific prevalence of lingual dehiscences exceeding
2 mm before (T0) and after (T1) orthodontic treatment.
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Table 3. Treatment-Related Vertical Bone Loss Exceeding 2 mm

JAGER, MAH, BUMANN

10-15Y 15-30 Y >30Y Total
Tooth- Subject- Tooth- Subject- Tooth- Subject- Tooth- Subject-
Related Related® Related Related® Related Related® Related Related®
Vestibular (%) 8.79 84.62 7.82 68.75 12.9 71.43 9.75 74.42
Lingual (%) 6.59 61.54 3.23 50 7.42 71.43 5.56 60.47
® Indicates patients with at least one tooth affected.
the frequency of patients with at least one tooth with a The increased incidence of dehiscences in the

pretreatment dehiscence and treatment-related bone
loss exceeded findings of previous studies for all age
groups. The treatment-related changes in bone thick-
ness in the maxilla were greater than the changes in
lingual bone thickness and overall bone thickness
observed in the mandible. These findings were
consistent with results reported by previous authors
who described an increased prevalence of fenestra-
tions in the maxilla.**°

anterior tooth region was generally consistent with
the results of other authors.®'®'® However, others also
detected an increased prevalence of dehiscences in
the maxillary molars, which could not be confirmed on
the basis of present results.®

Due to the lack of uniformity in the study population
evaluated, further research is needed to examine the
effect of differences in skeletal characteristics and
Angle classification on bony changes during orthodon-
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Figure 8. Comparison of treatment-related vestibular vertical bone loss (dehiscence) in mm by tooth type.
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2 CONCLUSIONS

s - Results suggest that a pretreatment, three-dimen-
325 sional assessment (using CBCT) may be indicated,
U: especially in patients over 30 years old, when buccal
25 tooth movement during treatment is anticipated.

s - There was also a large number of younger subjects

with at least one tooth displaying decreased pre-
treatment vertical bone (dehiscence) and notable
treatment-related bone loss.

In patients with preexisting periodontal damage, less
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