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ABSTRACT
OBJECTIVES: We sought to objectivize the overall alveolar bone thickness changes in lower incisors after 
orthodontic intervention.
BACKGROUND: The effect of orthodontic treatment on the cortical bone, specifi cally the clinical implications of 
proclination-induced change, have long been a matter of dispute. 
METHODS: Cone-beam computed tomographs of 58 patients were obtained before and after treatment and 
labial cortical bone thickness and overall alveolus width were measured in sagittal sections in the distance of 
3, 6, 9 and 12 mm apically from the cemento-enamel junction.
RESULTS: A statistically signifi cant decrease of the cortical bone thickness in all four incisors was found at the 
levels 3, 6 and 9 mm (p < 0.05), with mean differences of 0.19, 0.10 and 0.14 mm, respectively. The cortical 
bone thickness at the level of 12 mm and alveolar width at all the levels showed no signifi cant changes (p > 
0.05). Moreover, no correlation was found between bone thickness change and extent of the incisor movement. 
CONCLUSION: Our results point to a marked cortical bone loss after proclination of lower incisors, furnishing 
a sound basis for caution in treatment planning due to the considerable risk of alveolar defect development, 
especially in patients with low initial bone thickness (Tab. 6, Fig. 2, Ref. 25). Text in PDF www.elis.sk. 
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Introduction

The position of the lower incisors is of paramount impor-
tance in the orthodontic diagnosis and treatment. To understand 
the failures and potential perils associated with the interference 
in this area, it is necessary to consider the precise mechanical and 
biological mechanisms that underlie their artifi cial movement. 
In turn, this requires understanding of the processes in terms of 
their multifactorial limitations imposed by the periodontal status 

in the area (1), the morphology of the symphysis (2, 3) as well as 
the dimensions of the anterior alveolus (2). These factors must be 
considered in the treatment plan, balancing the speed and the extent 
of movement to achieve a stable fi nal position on one side and the 
notable risk of iatrogenic damage on the other (2, 4).

As yet, several studies have analyzed periodontal status after 
the treatment, reporting the risk of gingival retraction, external 
root resorption, dehiscences and fenestrations (1, 4–7). In their 
infl uential paper on this topic, MULIE AND HOEVE (4) were 
the fi rst to draw the attention of the clinical community to the in-
hibition of the orthodontic movement, dehiscences and fenestra-
tions associated with the contact of the root and the cortical plate. 
Nonetheless, alveolar defects are consistently observed in treat-
ment-naive individuals (8–11). Ergo, this initially reduced bone 
support, especially in the case of a narrow and high symphysis 
(12), markedly increases the potential risk of progressive bone 
loss if combined with heavy forces and short-term orthodontic 
activation not allowing complete adaptation of the bone (13). At 
the same time, the majority of authors agrees on the incidence of 
these alveolar defects being at a clinically acceptable level and 
do not consider orthodontic intervention contraindicated even in 
patients with potential risks (2, 14).

In this study, we addressed the question stated above by means 
of cone-bean computed tomography (CBCT), which proved to be 
an accurate imaging tool in investigations of this nature (10), and 
evaluated the labial cortical bone thickness and the overall alveo-
lar bone thickness in lower incisors before and after orthodontic 
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treatment. Our premise was that their proclination should induce a 
drop in the cortical bone thickness at the levels more distant from 
the tooth apex and, at the same time, leave the deep areas around 
the apex itself unchanged. 

Material and methods

A total of 58 patients (39 women, average age 23.2 years, SD 
6.5) from a private orthodontic practice were enrolled in this ret-
rospective cross-sectional study. Complete treatment records of all 
the subjects, including pretreatment and posttreatment measure-
ments and CBCT scans, were collected. Only patients with Angle 
class I or class II malocclusion, with mild to moderate crowding 
were selected. All patients had complete dental arches (besides 
third molars) without active eruption of teeth. The following ex-
clusion criteria were implemented: any medical concerns of non-
orthodontic nature, class III malocclusion, periodontal diseases 
(gingival infl ammation and bone resorptions), severe crowding 
in the lower dental arch, missing teeth, history of previous orth-
odontic treatment and trauma, prosthetic restoration, endodontic, 
periodontal pathologies and surgeries in the evaluated region. All 
the subjects completed orthodontic treatment lead by one ortho-
dontist with fi xed appliance, without extractions, where crowding 
was alleviated by the proclination of the lower incisors. Straight-
wire mechanics and brackets with Roth prescription, with the 
.022” slot, were used. All patients signed informed consent with 
the retrospective analysis of their anonymized data and the study 
was approved by the Ethical Committee of Charles University, 
2nd Faculty of Medicine and the Motol University Hospital (IRB 
approval No. EK-973IGA 1.12/11).

Cephalometric analysis
Cephalometric analysis was performed at both time points us-

ing Dolphin Imaging Software (Dolphin Imaging, Chatsworth, CA, 
US). Quantitative assessment (angular and linear measurements) 

of the incisor movement was performed. The axial inclination of 
lower incisors was measured as the incisor mandibular plane angle 
(IMPA) in degrees. Mandibular incisor protrusion in millimeters 
was measured as the position of the lower incisor relative to A-
Pogonion line (L1-APo).

CBCT analysis
CBCT scans were acquired for each patient prior to the treat-

ment (T1) and after treatment (T2) using the SkyView CBCT scan-
ner (MyRay, Imola, Italy) at the following settings: 90 kVp, 10 mA, 
exposure time 6.88 seconds, 360° revolution and 0.23 mm voxel 
size. All scans were processed according to the protocol presented 
by CHO (15), where the 3D image is reoriented according to two 
reference planes, naso-frontozygomatic plane and Frankfort hori-
zontal plane, to minimize errors from nonstandard head position.

Each CBCT scan was analyzed using DentalPlan (MyRay, 
Imola, Italy) software. Sagittal sections were generated automati-
cally along the long axis (center of the root canal) of each lower 
incisor (Fig. 1A). Cementum-enamel junctions (CEJs) of the inci-
sors were identifi ed on the sagittal sections and the measurement 
levels were set at the distance of 3, 6, 9 and 12 mm in the apical 
direction from the CEJ. Finally, cross sectional images of indi-
vidual incisors perpendicular to their long axis were obtained for 
each measurement level (Fig. 1B).

Labial cortical bone thickness was measured on these axial 
sections in the plane of the widest labiolingual root dimension 
(Fig. 2). This protocol provided eight measurements of the corti-
cal bone thickness for each incisor, four at T1 and four at T2. The 
overall width of the alveolus in the same site was also measured. 
All measurements were taken by the same person.

Statistical analysis
All statistical analyses were performed using the Statistica 12 

software (StatSoft Inc., Tulsa, Oklahoma, USA). Variables were 
checked for normal distribution by graphing the normal probability 

Fig. 1. Rec  onstruction of the sections in the long axis of the incisor. A. Sagittal section. B. Frontal view. Construction of the sections perpen-
dicular to the long axis.
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plot and using Kolmogorov-Smirnov test, revealing global insig-
nifi cant departures from normality. 

Descriptive statistics that included the average, standard devia-
tion, and minimum and maximum values are provided for all the 
measured variables. The changes in the cephalometric measure-
ments and in the cortical bone thickness after the treatment were 
evaluated using paired t-tests. Correlation analyses with Pearson 
correlation coeffi cient were used to determine the measure of 
association between the extent of the incisor movement and the 
extent of the bone loss.

The signifi cance value of p < 0.05 was adopted for all the 
comparisons.

Results

No statistically signifi cant differences were found between 
male and female subjects (p > 0.05), therefore the measurements 
obtained from male and female subjects were pooled in the fi nal 
evaluation. The random method error ranged from 0.13 to 0.87 
for all variables.

Cephalometric analysis
The results of T1 and T2 cephalometric measurements are list-

ed in Table 1. There was a signifi cant increase in IMPA where the 
mean difference after the treatment was 5.8° (p < 0.001). L1-APo) 
increased signifi cantly by 2.23 mm after treatment (p < 0.001). Fig. 2. Cortical bone thickness measurement at one level. Cortical 

thickness marked with the yellow line.

Variable
T1 T2 Mean difference 

T2–T1 (Δ) [mm]
T-test

pMean [mm] SD [mm] Range [mm] Mean [mm] SD [mm] Range [mm]
IMPA (°) 92.60 7.04 79.6–107.6 98.40 7.13 85.8–113.0 5.80 0.000*
L1-APo (mm) 1.62 2.32 –2.3–4.9 3.85 2.00 0.2–8.3 2.23 0.000*
IMPA, incisor mandibular plane angle, L1-APo, position of the lower incisor relative to A-Pogonion line, *p < 0.05 (signifi cant difference)

Tab. 1. Measurements obtained by cephalometric analysis before (T1) and after (T2) the treatment.

Mandibular 
incisor

T1 T2
Mean difference
T2–T1 (Δ) [mm]

T-test
pMeasurement 

level [mm] 
Bone thickness (SD) 

[mm]
Range
[mm]

Bone thickness (SD)
[mm]

Range
[mm]

Right lateral 
(42)

3 0.35 (0.22) 0.0–0.8 0.19 (0.13) 0.0–0.5 0.16 0.000*
6 0.45 (0.16) 0.0–0.8 0.29 (0.20) 0.0–0.6 0.16 0.000*
9 0.97 (0.37) 0.2–2.0 0.66 (0.41) 0.2–1.6 0.31 0.000*
12 1.33 (0.40) 0.5–1.9 1.25 (0.57) 0.4–2.8 0.08 0.129

Right central 
(41)

3 0.35 (0.24) 0.0–0.8 0.24 (0.18) 0.0–0.5 0.11 0.001*
6 0.40 (0.25) 0.0–1.1 0.29 (0.17) 0.0–0.8 0.11 0.020*
9 0.90 (0.48) 0.2–2.2 0.76 (0.44) 0.0–1.6 0.14 0.003*
12 1.23 (0.41) 0.5–2.4 1.17 (0.38) 0.5–2.0 0.06 0.015

Left central 
(31)

3 0.30 (0.23) 0.0–0.8 0.15 (0.15) 0.0–0.5 0.15 0.000*
6 0.38 (0.23) 0.0–1.0 0.31 (0.46) 0.0–1.0 0.07 0.088
9 0.86 (0.46) 0.2–1.6 0.70 (0.45) 0.2–2.0 0.16 0.004*
12 1.22 (0.39) 0.5–2.1 1.15 (0.48) 0.2–2.5 0.07 0.123

Left lateral 
(32)

3 0.38 (0.36) 0.0–1.1 0.06 (0.13) 0.0–0.5 0.32 0.000*
6 0.50 (0.22) 0.0–1.3 0.35 (0.21) 0.0–0.8 0.15 0.000*
9 0.71 (0.33) 0.2–1.6 0.64 (0.39) 0.0–1.5 0.08 0.048*
12 1.36 (0.39) 0.7–2.5 1.32 (0.38) 0.7–2.4 0.04 0.147

*p < 0.05 (signifi cant difference)

Tab. 2. Labial cortical bone thickness in each incisor before (T1) and after (T2) the treatment.
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CBCT analysis
The measurements of the cortical bone thickness for each inci-

sor before and after orthodontic treatment are detailed in Table 2. 
The bone thickness signifi cantly decreased after the treat-

ment at the 3-mm level for all four incisors: the mean difference 
was 0.16, 0.11, 0.15 and 0.32 mm in the teeth 42, 41, 31 and 32, 
respectively (p < 0.01 for all the measurements). The bone thick-
ness also decreased signifi cantly at the 6-mm level in the teeth 
42, 41 and 32 (0.16, 0.11 and 0.15 mm, respectively) (p < 0.001, 
p = 0.020, p < 0.001, respectively). Bone decrease at the 6-mm 
measurement level in the left central incisor (0.07 mm) was not 
signifi cant (p = 0.088). A signifi cant decrease of the bone thickness 
at the 9-mm measurement level was found in all four incisors with 
mean differences of 0.31, 0.14, 0,16 and 0.08 mm in the teeth 42, 
41, 31 and 32, respectively (p < 0.001, p = 0.003, 0.004 and 0.048, 

respectively). At the most apical level, 12 mm from the CEJ, the 
posttreatment decrease was signifi cant only in right central incisor 
with the mean difference of 0.06 mm (p = 0.015). Changes found 
in the teeth 42, 31 and 32 did not reach signifi cance (p > 0.05), 
with mean differences smaller than 0.1 mm.

The overall results for all four incisors together are shown in 
the Table 3. Statistically signifi cant decrease of the cortical bone 
thickness was found in measurement levels 3, 6 and 9 mm (p < 
0.001), with mean differences 0.19, 0.10 and 0.14 mm, respec-
tively. Posttreatment change was not signifi cant at 12 mm mea-
surement level (p = 0.090), where the mean difference was as 
small as 0.05 mm.

The measurements of the width of the alveolus for each incisor 
before and after orthodontic treatment are presented in Table 4.
The acquired values showed wide inter-individual variability.

Measurement level 
[mm]

T1 T2
Mean difference
T2–T1 (Δ) [mm]

T-test
pBone thickness

(SD) [mm]
Range
[mm]

Bone thickness
(SD) [mm]

Range
[mm]

3 0.35 (0.27) 0–1.1 0.16 (0.16) 0–0.5 0.19 0.000*
6 0.41 (0.23) 0–1.3 0.31 (0.21) 0–1.0 0.10 0.000*
9 0.83 (0.41) 0.2–2.2 0.69 (0.43) 0–2.0 0.14 0.000*
12 1.27 (0.40) 0.5–2.5 1.22 (0.45) 0.2–2.8 0.05 0.090*
*p < 0.05 (signifi cant difference)

Tab. 3. Labial cortical bone thickness in all four incisors before (T1) and after (T2) the treatment.

Mandibular 
incisor

T1 T2
Mean difference 
T2–T1 (Δ) [mm]

T-test
pMeasurement 

level [mm] 
Bone thickness (SD)

[mm]
Range
[mm]

Bone thickness (SD)
[mm]

Range
[mm]

Right lateral 
(42)

3 7.11 (0.71) 5.7–8.8 7.13 (0.77) 5.9–8.5 –0.02 0.870
6 7.05 (0.74) 5.4–8.6 6.98 (0.81) 5.4–9.0 0.07 0.507
9 7.08 (1.44) 4.8–10.4 6.93 (1.50) 4.5–10.2 0.15 0.196
12 7.22 (1.82) 4.1–11.1 7.17 (2.08) 3.6–11.9 0.05 0.710

Right central 
(41)

3 6.68 (0.95) 4.7–9.2 6.56 (0.84) 5.0–8.5 0.12 0.244
6 6.71 (0.96) 4.4–8.8 6.71 (0.88) 5.1–8.5 0.00 0.975
9 6.70 (1.4) 4.7–10.6 6.65 (1.29) 4.7–9.7 0.05 0.603
12 7.45 (1.80) 4.3–11.4 7.19 (1.76) 4.5–11.3 0.27 0.018*

Left central 
(31)

3 6.70 (0.73) 5.2–7.8 6.60 (0.95) 4.8–8.4 0.10 0.368
6 6.48 (0.95) 4.7–8.7 6.36 (0.81) 4.8–8.2 0.12 0.277
9 6.78 (1.64) 4.8–10.9 6.54 (1.66) 4.1–9.7 0.24 0.012*
12 7.28 (1.99) 4.5–12.0 7.13 (1.98) 4.4–11.1 0.15 0.084

Left lateral 
(32)

3 6.97 (0.64) 5.4–8.2 6.88 (1.02) 4.9–8.9 0.09 0.420
6 7.14 (0.97) 5.0–8.7 7.15 (1.11) 5.2–10.4 –0.01 0.918
9 6.85 (1.38) 4.2–10.3 6.80 (1.44) 4.5–10.4 0.03 0.822
12 7.44 (1.70) 4.9–11.3 7.29 (1.82) 4.1–11.4 0.15 0.093

*p < 0.05 (signifi cant difference)

Tab. 4. Alveolus width in each incisor before (T1) and after (T2) the treatment.

Measurement 
level [mm]

T1 T2
Mean difference
T2–T1 (Δ) [mm]

T-test
pBone thickness (SD) 

[mm]
Range
[mm]

Bone thickness (SD) 
[mm]

Range
[mm]

3 6.86 (0.75) 4.7–9.2 6.79 (0.92) 4.8–8.9 0.06 0.235
6 6.83 (0.93) 4.4–8.8 6.80 (0.96) 4.8–10.4 0.04 0.512
9 6.79 (1.43) 4.2–10.9 6.76 (1.48) 4.1–10.4 0.06 0.478

12 7.29 (1.79) 4.3–12.0 7.19 (1.9) 3.6–11.9 0.09 0.322
*p < 0.05 (signifi cant difference)

Tab. 5. Labial cortical bone thickness in all four incisors before (T1) and after (T2) the treatment.
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The alveolar width changes were insignifi cant (p > 0.05) in all 
teeth at all the measurement levels with the exception of the 9-mm 
level in the tooth 31 (p = 0.012) and the 12-mm level in the tooth 
41 (p = 0.018).

The overall results of alveolar width in all four incisors are 
shown in Table 5. Posttreatment change was not signifi cant at any 
measurement level (p > 0.05), showing only an ambiguous trend 
for post-treatment alveolar width decrease.

Correlation analysis (Tab. 6) implies that there is no linear 
correlation between the cortical bone thickness change and IMPA 
changes. On the other hand, a weak negative correlation was found 
between bone thickness change and L1-APo change at the 6-mm 
and 9-mm measurement levels (R = –0.242 and –0.212, respec-
tively). There were no correlations at the 3-mm and 12-mm mea-
surement levels (R = 0.087 and 0.023). 

Discussion

The imaging approach presented here provides a biologically 
plausible model of cortical alveolar bone remodeling and a basis 
for testable clinical predictions which, we hope, will aid in further 
pathophysiological and therapeutic research in this area. Our fi nd-
ings of a signifi cant labial cortical bone loss after the proclination 
of the lower incisors are very much in keeping with some previous 
clinical reports (1, 4, 5, 7, 12–14, 16), underscoring the possible 
negative effects of this type of orthodontic treatment. 

The remodeling of alveolar bone around the moving tooth 
during the treatment is one of the hallmarks of the physiology of 
orthodontics, with cortical bone creating a seemingly diffi cult-
to-breach anatomical border to this movement (2). However, the 
decreasing initial thickness of the bone associated with degrading 
density (17) makes the thin layer of the cortical bone in incisor 
area particularly prone to microfractures during the orthodontic 
movement, resulting in bone loss (18). The selective inclusion of 
patients with crowding in this study and hence a specifi c type of 
movement may well explain the absence of signifi cant changes of 
cortical bone thickness at the 12-mm measurement level, as the 
tooth apex did not change its position to such an extent to mark-
edly affect the thickness of the surrounding bone. Moreover, and 
completely corresponding to our prior hypothesis, the thickness 
of the cortical bone at the measurement levels of 3, 6 and 9 mm 
was reduced in most cases.

Nonetheless, we may provide only conjectures on the extent 
the cortical bone loss is related to the bone volume before the 

treatment, as no formal corre lation was found between the extent 
of the orthodontic movement and the bone loss in our analyses, 
possibly due to limited number of patients. Its average increase of 
5.8° according to the cephalometric analysis was combined with 
an increase of L1-Apo distance by 2.33 mm on average, but both 
failed to show signifi cant correlation with the bone loss extent. 

Turning to the alveolar width change, our fi ndings of minimal 
differences between the pretreatment and posttreatment value, 
under the resolution level of the device, also did not reach sig-
nifi cance, which may be interpreted as a consequence of bone 
apposition on the lingual side during the proclination of the inci-
sors. This result corresponds to the basic orthodontic axiom of 
bone remodeling around the tooth in the same extent during tooth 
movement (2).

Due to expected bone regeneration capacity, it would be expe-
dient to continue with subsequent measurements in these patients 
in the retention phase. However, CBCT is usually not indicated 
at this stage.

An important point needs to be considered with regards to 
our results – the spatial resolution of the used imaging method. 
Several prior studies analyzed bone support of the incisors using 
various types of radiographs (1, 2, 4–7), but burdened with a ma-
jor interference of the structure superimposition in the analysis 
of two-dimensional scans, bone loss tends to be underestimated 
in radiographs (19, 20). Computer tomography is able to provide 
precise information on the labio-lingual bone support (21, 23), 
resolving the above-described distortion and superimposition of 
the structures, with acceptable accuracy for this purpose in case 
of minimal bone thickness over 0.5 mm (24). This threshold, cor-
responding to 2–3 voxels in the scans, is very low, even when con-
sidering the tendency of CBCT to overestimate alveolar defects 
(25). From the clinical perspective, bone of this thickness can be 
considered a defect, hence not disproving the fi ndings of our study. 
Nevertheless, higher resolution, though technically possible, is 
clearly precluded in the clinical practice due to medical and ethi-
cal concerns associated with increased radiation dose.

This approach represents a refi nement and synthesis of ideas 
hypothesized in previous studies, pointing to marked proclination-
induced disruption of cortical bone thickness in the areas close to 
the CEJ. Even though no correlation was  found between the extent 
of orthodontic movement and the bone loss in our analyses, the 
possible lack of statistical power in this size of patient population 
does not allow us to proceed without due caution, mainly in pa-
tients with low initial bone thickness. Further prospective studies 
in well-defi ned patient populations will be necessary to elucidate 
this issue in its complexity.
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