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Introduction
Dental crowding represents the most prevalent type of 

malocclusion in the world.1 The third National Health and 
Nutrition Examination Survey, conducted in the United 
States between 1988 and 1994, showed that the adult pop-
ulation presented a high prevalence (45%) of significant to 

severe dental irregularities.2 In addition, dental crowding 
represents one of the main complaints about orthodontic 
treatment, as it affects aesthetic self-perception and indivi-
duals’ quality of life.3,4

Mandibular dental crowding may be treated orthodonti-
cally without extraction by expanding the dental arch, molar  
distalization, and interdental enamel reduction, or by dental  
extraction. Facial-lingual tooth movement may occur in any 
of these approaches, and this movement has side effects, such 
as the development of fenestration, bone dehiscence, and  
gingival recession, illustrated in studies that reported these 
phenomena to be 5.8%-11.5% more frequent in the ortho-
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ABSTRACT

Purpose: This study aimed to evaluate changes of the alveolar bone and interdental bone septum of the mandibular 
incisors through cone-beam computed tomography (CBCT) after orthodontic treatment of mandibular dental crowding 
without dental extraction.
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adult patients with class I malocclusion and an average age of 23.0±3.9 years. The width and height of the alveolar 
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Results: The distance between the CEJ and the marginal bone crest on the facial side increased significantly (P<0.05). 
An increased distance between the CEJ and the bone crest on the facial and lingual sides showed a correlation with 
the irregularity index (P<0.05); however, no significant association was observed with increasing mandibular incisor 
inclination (P>0.05). The change in the distance between the CEJ and the marginal bone crest on the facial side was 
correlated significantly with bone septum height (P<0.05).
Conclusion: Bone dehiscence developed during the treatment of crowding without extraction only on the incisors’ 
facial side. Increasing proclination of the mandibular incisor was not correlated with bone dehiscence. The degree of 
dental crowding assessed through the irregularity index was associated with the risk of developing bone dehiscence. The 
interdental septum reflected facial marginal bone loss in the mandibular incisors. (Imaging Sci Dent 2021; 51: 155-65)
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dontic-treated group.5-7 These side effects were tested by 
some authors in experimental studies performed in ani mals 
and in observational studies conducted in human beings; 
nevertheless, the results are controversial. In animal experi-
ments, some authors verified that the increase in the man-
dibular incisors’ facial inclination induced by orthodontic 
appliances resulted in facial alveolar bone loss, producing 
dehiscence and/or fenestration and gingival reces sion;8-10 
how ever, another experimental study with monkeys did not  
find the same results.11 In observational studies in human be-
ings, some authors detected an associa tion between changes  
in the facial inclination of the mandi bular incisor obtained 
with orthodontic appliances, and the development of bone 
dehiscence and gingival recession;7,12-14 however, other au-
thors did not detect such an association and, therefore, did 
not consider sagittal tooth movement a risk factor.5,15-17

Periapical, bitewing, or panoramic radiographs cannot 
show the facial-lingual aspect of the periodontium due to  
overlapping images on conventional radiographs.18-20 Cone- 
beam computed tomography (CBCT) overcomes this diag-
nostic deficiency by enabling dentists to evaluate support 
structures for the dental elements in the lingual and facial re-
gions without overlapping structures and within the 3 spa tial 
planes.18,21 Few studies have evaluated the development of  
alveolar defects (i.e., dehiscence and bone fenestration) re-
sulting from orthodontic movement using computed tomo-
graphy.14,22-25 Most of these studies evaluated the conse-
quences of rapid maxilla expansion over the facial alveolar 
bone of superior premolars and molars, effects that had only  
previously been presented in the literature in dental casts 
and 2-dimensional radiographs.22,24,25 Finally, only a few 
studies have evaluated changes in alveolar bone thickness  
in the incisor region in patients treated orthodontically,14,23,26  
and no study has evaluated the interdental bone septum.

Therefore, the purpose of this study was to evaluate 
changes in the thickness and height of the alveolar bone and 
the interdental bone septum in the mandibular incisor re-
gion, using CBCT, after the orthodontic treatment of dental  
crowding without tooth extraction.

Materials and Methods
This study was conducted after receiving approval from 

the Ethics and Research Committee (protocol number: 
30803614.3.0000.5137) and obtaining informed consent 
from the patients who participated in the study. This study 
was designed as a retrospective cohort study. The CBCT 
images were taken between 2009 and 2017. 

This study consisted of 32 patients between 18 and 29 

years of age (average: 23.0±3.9 years of age), with ante-
rior dental crowding in the mandibular arcade and class I 
malocclusion, who needed orthodontic treatment without  
extraction. Patients under the age of 17; patients who had 
gingival recession, periodontal disease, a bone or soft tissue  
lesion in the mandibular incisor region, absence of man-
dibular incisors, high insertion of the lower labial frenulum  
and/or tongue frenulum; smokers; patients who were using  
alcohol or prescription drugs that affected bone metabolism;  
and patients who did not have pre-treatment and post-treat-
ment CBCT images were excluded.

All patients were treated with fixed metal orthodontic  
appliances with a Roth prescription (Abzil, 3M Oral Care, 
São José do Rio Preto, Brazil), with a slot measuring 0.022×  
0.028 inches and continuous archwires (Morelli, Sorocaba, 
Brazil). Leveling and alignment were performed with round 
nickel-titanium wire (0.012 inches, 0.014 inches, and 0.016 

inches), round stainless-steel wire (0.016 inches and 0.018 

inches), and rectangular stainless-steel wire (0.016×0.022 

inches and 0.018 ×0.025 inches). The finishing archwires 
consisted of a rectangular stainless-steel wire (0.019×0.025 

inches). Interdental enamel reduction was performed on the 
anterior teeth to solve dental crowding in all patients. The 
average treatment time was 17.4±3.5 months. 

The 32 CBCT images obtained before orthodontic treat-
ment (T1) were compared with 32 CBCT images obtained 
3 to 6 months after the end of orthodontic treatment (T2). 
All images were obtained using the same Kodak 9000 3D 
CBCT device (East Kodak Company, Rochester, NY, USA) 
at the following settings: 74 kV, 10 mA, and an exposure 
time of 10.8 seconds. The thickness of the isotropic voxel, 
and therefore of the CBCT images, was 76 μm. The field of 
view (FOV) used was 5 cm×3.75 cm. A total of 64 CBCT 
images were evaluated.

Linear and angular measurements of the CBCT images 
were obtained by CS 3D imaging software (Kodak Dental 
Systems, Rochester, NY, USA). Measurements were ob-
tained using a 0.076-mm slice. First, CBCT scans (axial 
reconstructions) were used to evaluate dental crowding 
through Little’s irregularity index.27 To obtain the irregu-
larity index, the displacements of the contact points of the  
mandibular anterior teeth were measured using the distance- 
measuring property of the Kodak software. The alveolar 
bone and interdental septum measurements were obtained 
in parasagittal reconstructions that passed through either the 
center of the mesiodistal width of the root or the center of 
the interdental bone septum. Therefore, all measurements 
were performed in the facial-lingual direction. 

The measurements used in this study used the lingual canal  
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located in the midline region of the mandible area as a ref-
er ence, according to the findings of Valerio et al.28  The fol-
lowing measurements were obtained: the mandibular incisor 
inclination; the vertical position of the mandibular incisor;  
the facial and lingual bone plate height; the distance between  
the cementoenamel junction (CEJ) and bone crest on the  
facial and lingual sides; and the alveolar bone thickness in 
the dental region located at 3, 6, 9, and 12 mm below the line 
that connected the lingual and facial CEJ (Fig. 1). Likewise,  
the height of the mesial and distal interdental septum and 
the width of the mesial and distal interdental septum located  
at 3, 6, 9, and 12 mm below the bone crest were obtained 

(Fig. 2). The variables used in this study and their definitions  
are provided in Table 1. 

First, a line was drawn on the lingual canal after locali-
zation of the lingual foramen. This line, beginning in the 
lingual foramen and extending in the direction of the facial 
limit of the symphysis, was named the lingual plane (LP).28 
Mandibular incisor inclination was evaluated through the 
angle between the mandibular incisor’s long axis and the LP  

(IMPLA angle) (Fig. 1A). To register the distance between 
the pulp chamber ceiling and the LP, the mandibular incisor’s  
long dental axis was extended, starting from the pulp cham-
ber ceiling towards the LP (MIH) (Fig. 1A). Measurements 
of the thickness of the dental bone ridge (A1, A2, A3, and 
A4) were obtained from the intersection between the inci-
sor’s long axis and the line that connected the facial CEJ 

and the lingual CEJ (CEJ-CEJ line), at points located at 3, 6, 
9, and 12 mm below the CEJ-CEJ line (Fig. 1A). The facial  
and lingual bone plate height was recorded by tracing a per-
pendicular line from the LP up to the facial and lingual mar-
ginal bone crest (MBC). Thus, the facial bone plate height  

(FH-MBC-LP) and the lingual bone plate height (LH-MBC-
LP) were obtained (Fig. 1B). Subsequently, the distances  
between the lingual CEJ and the lingual marginal bone crest 

(L-CEJ-MBC), as well as between the facial CEJ and the 
facial marginal bone crest (F-CEJ-MBC), were measured  

(Figs. 1B and C).
The CBCT images at the midline region of the interdental 

space were selected to measure the interdental bone septum 
height (SH). Starting at the bone crest, a line was traced 
perpendicularly to the LP, and the interdental SH was ob-
tained (Fig. 2A). Subsequently, 4 points were marked on the  
SH to obtain the interdental septum thickness, namely, 
points located at 3, 6, 9, and 12 mm below the bone crest. 
Subsequently, parallel lines to the LP plane were traced, 
passing through the 4 points mentioned above, which exten-
ded from the facial side to the lingual side, to measure the 
thicknesses S1, S2, S3, and S4 (Figs. 2B and C). Both the 
height and the thickness of the mesial and distal interdental 
bone septum were evaluated.

Two observers (1 orthodontist and 1 oral radiologist) were  
calibrated. All measurements were taken twice, with an inter- 
val of 2 weeks between each measurement. 

Fig. 1. Graphical illustration. A. Measurement of the distance between the pulp chamber ceiling and the lingual plane (MIH), the IMPLA 
angle, and the alveolar bone thicknesses A1, A2, A3, and A4. B. Measurement of the distance between the cementoenamel junction (CEJ) 
and the facial (F-CEJ-MBC) and lingual (L-CEJ-MBC) marginal bone crests, and of the facial (FH-MBC-LP) and lingual (LH-MBC-LP) 
bone plate height. C. Parasagittal slice showing the actual measurements. Lingual plane (LP).

A B C
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Fig. 2. Graphical illustration of the sagittal sectional view at the interdental septum. A. Measurement of the interdental septum height (SH). 
B. Measurement of interdental septum thicknesses S1, S2, S3, and S4, located at 3, 6, 9, and 12 mm below the bone crest, respectively. C. 
Parasagittal slice shows the actual measurements of the interdental septum.

A C

Table 1. Description of variables

Variable Description

Irregularity index The summed displacement of the anatomic contact points of mandibular anterior teeth

Alveolar bone and mandibular incisors
A1 Facial lingual thickness of the alveolar bone 3 mm below the CEJ line
A2 Facial lingual thickness of the alveolar bone 6 mm below the CEJ line
A3 Facial lingual thickness of the alveolar bone 9 mm below the CEJ line
A4 Facial lingual thickness of the alveolar bone 12 mm below the CEJ line
FH-MBC-LP Facial height of the alveolar ridge from the facial marginal bone crest to the lingual plane
LH-MBC-LP Lingual height of the alveolar ridge from the lingual marginal bone crest to the lingual plane
F-CEJ-MBC Distance from the facial CEJ to the facial marginal bone crest
L-CEJ-MBC Distance from the lingual CEJ to the lingual marginal bone crest 
MIH Pulp chamber ceiling of the mandibular incisor to the lingual plane
IMPLA Mandibular incisor to lingual plane angle

Mesial and distal interdental septum
SH_M Interdental septum height (mesial side of mandibular incisor)
S1_M Alveolar ridge thickness of the interdental septum 3 mm below the bone crest (mesial side of mandibular incisor)
S2_M Alveolar ridge thickness of the interdental septum 6 mm below the bone crest (mesial side of mandibular incisor)
S3_M Alveolar ridge thickness of the interdental septum 9 mm below the bone crest (mesial side of mandibular incisor)
S4_M Alveolar ridge thickness of the interdental septum 12 mm below the bone crest (mesial side of mandibular incisor)
SH_D Interdental septum height (distal side of the mandibular incisor)
S1_D Alveolar ridge thickness of the interdental septum 3 mm below the bone crest (distal side of mandibular incisor)
S2_D Alveolar ridge thickness of the interdental septum 6 mm below the bone crest (distal side of mandibular incisor)
S3_D Alveolar ridge thickness of the interdental septum 9 mm below the bone crest (distal side of mandibular incisor)
S4_D Alveolar ridge thickness of the interdental septum 12 mm below the bone crest (distal side of mandibular incisor)

CEJ: cementoenamel junction

B
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Statistical analysis
The intra-class correlation coefficient was used to deter-

mine intra- and inter-examiner agreement.29

The Kolmogorov-Smirnov normality test revealed normal  
distributions for the following variables: L-CEJ-MBC, 
FH-MBC-LP, LH-MBC-LP, A1, A2, MIH, SH_M, SH_D,  
S2_D, S3_D, and S3_M. A non-normal distribution was 
observed for F-CEJ-MBC, A3, A4, IMPLA, S1_D, S4_D, 
S1_M, S2_M, and S4_M. Thus, the paired Student t-test 
and the Wilcoxon test were used to evaluate the differences 
between the measures obtained at T1 and T2, based on the 
normality standard. The random error was calculated using 
Dahlberg’s formula.30 

Pearson correlation coefficients were used to determine 
the correlations between the variables, and were interpreted 
as proposed by Evans.31 Therefore, an r value between 0.00 
and 0.19 was interpreted as “very weak,” an r value between  
0.20 and 0.39 was interpreted as “weak,” an r value between  
0.40 and 0.59 was interpreted as “moderate,” an r value 
between 0.60 and 0.79 was interpreted as “strong”, and 
an r value between 0.80 and 1.00 was interpreted as “very 

strong.”
For all tests, the significance level was defined at 5% 

(P<0.05). Statistical analyses were performed with SPSS 

(version 21; IBM, Armonk, NY, USA).

Results
Intra- and inter-examiner agreement was excellent for the 

alveolar bone and interdental septum measurements (0.92 
and 0.86, and 0.94 and 0.87, respectively).

The random error varied from 0.07 to 0.31 mm for lin-
ear measurements, and was 1.58° for measurements of the  
IMPLA angle (Table 2).

The Student t-test revealed statistically significant changes  
in A2, S2_D, S3_D, and S3_M. The Wilcoxon test revealed 
statistically significant changes in F-CEJ-MBC, IMPLA, 
and S2_M (Table 2).

Pearson correlations
The irregularity index was correlated moderately and neg-

atively with F-CEJ-MBC and L-CEJ-MBC (Table 3, Fig. 3). 

Table 2. Descriptive statistics for the variables at the pre-treatment time (T1), post-treatment time (T2), differences between T1 and T2, 
error of the method (Dahlberg), the paired Student t-test, and the Wilcoxon test

Variable
T1 T2 Δ T2-T1

Dahlberg t
Mean SD Mean SD Mean SD

Irregularity index 3.30 1.59 0 0 -3.30 1.59 0.07 11.75a*

F-CEJ-MBC 1.96 0.57 2.09 0.59 0.13 0.37 0.15 -2.26b*
L-CEJ-MBC 2.24 0.79 2.63 0.87 0.39 0.61 0.16 1.38a

FH-MBC-LP 20.28 2.43 20.13 2.20 -0.15 0.80 0.28 -1.08a

LH-MBC-LP 19.83 2.38 19.79 2.37 -0.04 0.94 0.31 -0.14a

A1 6.93 0.45 6.85 0.38 -0.08 0.25 0.17 -1.77a

A2 6.86 0.64 6.63 0.54 -0.23 0.31 0.14 -3.50a*
A3 6.90 1.05 6.77 1.00 -0.13 0.54 0.11 -1.12b

A4 7.50 1.70 7.44 1.58 -0.06 0.62 0.15 -0.12b

MIH 26.35 2.01 26.60 2.01 0.25 0.70 0.20 0.37a

IMPLA 91.45 7.19 95.47 6.86 4.02 4.60 1.58 -3.57b*

SH_D 22.30 2.40 22.36 2.37 0.06 0.97 0.24 0.46a

S1_D 6.71 0.50 6.55 0.49 -0.16 0.41 0.14 -1.58b

S2_D 6.72 0.69 6.47 0.75 -0.25 0.45 0.16 -2.84a*
S3_D 6.87 1.10 6.67 1.13 -0.20 0.55 0.15 -2.07a*
S4_D 7.26 1.53 7.08 1.48 -0.18 0.59 0.13 -1.71b

SH_M 22.80 2.51 22.86 2.47 0.06 0.78 0.26 0.57a

S1_M 6.08 0.67 5.92 0.58 -0.16 0.43 0.15 -1.02b

S2_M 5.91 0.80 5.67 0.62 -0.24 0.43 0.14 -2.40b*
S3_M 6.31 1.10 6.08 1.02 -0.23 0.52 0.12 -2.19a*
S4_M 7.02 1.50 6.89 1.46 -0.13 0.48 0.14 -1.24b

a: Paired Student t-test; b: Wilcoxon test; *: P<0.05
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Changes in F-CEJ-MBC and L-CEJ-MBC were significantly  
correlated with the mesial bone septum height (SH_M); 
however, the same was not true for the interdental height of 
the distal bone septum (SH_D) (Table 3 and Fig. 4). F-CEJ-
MBC and L-CEJ-MBC were also significantly correlated 
with the facial-lingual thicknesses of the alveolar bone lo-
cated 9 mm below the CEJ-CEJ line (A3 variable), and with 
the thicknesses of the mesial interdental septum located 9 

mm below the bone crest (S3_M variable). There was no 
significant association between changes in the MIH or IM-
PLA angle and increases in L-CEJ-MBC or F-CEJ-MBC.

Regarding changes in FH-MBC-LP and LH-MBC-LP  
between the T1 and T2 time points, no correlation was detec-

ted between the irregularity index and changes in FH-MBC- 
LP or LH-MBC-LP (Table 4). There was a significant and 
strong correlation with changes in bone septum height on 
both the mesial side (SH_M) and the distal side (SH_D) (Fig. 
5). Changes in FH-MBC-LP and LH-MBC-LP demonstrated  

Fig. 3. Scatter plots show a moderate correlation between the irregularity index and F-CEJ-MBC and L-CEJ-MBC. This indicates that the 
higher the irregularity index, the greater the trend of marginal bone loss on the mandibular incisor’s lingual and facial sides.

Table 3. Correlations of interdental septum, alveolar bone, and 
mandibular incisor changes with changes in the distance from the fa-
cial and lingual cementoenamel junction to the marginal bone crest 

Δ F-CEJ-MBC Δ L-CEJ-MBC

r r

Δ Irregularity index -0.40* -0.57**
Δ SH_D 0.30 0.30
Δ SH_M 0.38* 0.42*
Δ S2_M -0.13 -0.35*
Δ S3_M -0.37* -0.42*
Δ A3 -0.36* -0.36*
Δ A4 -0.20 -0.38*
Δ MIH 0.14 0.25
Δ IMPLA 0.19 -0.01

*: Correlation is significant at the 0.05 level (2-tailed), **: Correlation is 
significant at the 0.01 level (2-tailed)

Table 4. Correlations of interdental septum (height and thickness) 
changes, alveolar bone thickness, and mandibular incisor changes 
with changes in the facial and lingual height of the alveolar ridge

Δ FH-MBC-LP Δ LH-MBC-LP

r r

Δ Irregularity index -0.42* 0.19
Δ SH_D 0.75** 0.68**
Δ SH_M 0.71** 0.61**
Δ S1_D -0.54** -0.35*
Δ S2_D -0.47** -0.39*
Δ S3_D -0.69** -0.52
Δ S4_D -0.67** -0.60**
Δ S1_M -0.45* -0.50**
Δ S2_M -0.54** -0.45*
Δ S3_M -0.73** -0.62**
Δ S4_M -0.66** -0.68**
Δ A1 -0.43* -0.47**
Δ A2 -0.33 -0.36
Δ A3 -0.61** -0.50**
Δ A4 -0.73** -0.55**
Δ MIH -0.78** -0.72**
Δ IMPLA -0.49** 0.16

*: Correlation is significant at the 0.05 level (2-tailed), **: Correlation is 
sig nificant at the 0.01 level (2-tailed)
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Fig. 4. Scatter plots show a positive and weak correlation between the mesial interdental septum (SH_M) with the distance between CEJ 
and the facial marginal bone crest (F-CEJ-MBC), and a positive and moderate correlation with the distance between the CEJ and the lin-
gual marginal bone crest (L-CEJ-MBC).

Fig. 5. Scatter plot showing a positive and strong correlation between lingual and facial bone plate height (LH-MBC-LP and FH-MBC-LP) 
and the mesial (SH_M) and distal (SH_D) interdental septum height.
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a moderate and significant correlation with changes in bone 
septum thickness measurements on both the mesial and dis-
tal sides (S1, S2, S3, and S4). The changes that occurred in 
FH-MBC-LP and LH-MBC-LP showed statistically signifi-
cant negative correlations with changes in the facial-lingual 
thickness of the alveolar bone (A1, A2, A3, and A4). There 
was also a strong and negative correlation with the vertical 
position of the mandibular incisor (MIH variable), both for 
FH-MBC-LP and for LH-MBC-LP. The facial bone plate 

(FH-MBC-LP) was the only variable that showed a moder-
ate and negative statistically significant correlation with the 
IMPLA angle (Table 4).

Regarding the changes from T1 to T2 in the mandibular  
incisor’s vertical (MIH) and angular dental positioning 

(IMPLA), there were significant correlations between MIH 
and facial-lingual height and the thickness of the mesial 
and distal interdental septa. The only variable significantly  
associated with changes in the IMPLA angle was FH-MBC-
LP, which demonstrated a negative correlation; that is, an 
increase in the IMPLA angle was correlated with a dec rea se  
in FH-MBC-LP (Table 5). 

Discussion
The purpose of this study was to evaluate, using CBCT, 

changes in the height and thickness of the alveolar bone 
and the interdental septum in the mandibular incisor region 
in class I adult patients with dental crowding who were 
treated with fixed orthodontic appliances without dental ex-

traction. Some studies have evaluated the changes in the al-
veolar bone thickness in the incisor area in patients treated  
orthodontically with CBCT.14,23,26 However, to date, no 
study has evaluated the interdental septum together with an 
analysis of the dental region.

Studies that evaluated the effect of the voxel size (0.125-
0.30 mm) in measuring craniofacial structures considered 
differences in thickness measures obtained in the mandible 
to be insignificant in images obtained by equipment operat-
ing with different voxels.32-34 The present study used CBCT 
equipment with a 0.076-mm voxel size, which, compared 
to previous studies14,23,26,35 can provide a better spatial res-
olution.34,36 In association with this fact, a smaller FOV 
was also used; therefore, the 2 parameters considered to be 
important for obtaining good spatial resolution, FOV and 
voxel size,34 were optimized in this study. The images were 
analyzed and measured from CBCT slices with a 0.076-mm 
thickness in order to detect the smallest possible changes in 
terms of potential bone loss or gain in the alveolar bone.

Previous studies measured the facial and lingual thick-
nesses of the bone plates adjacent to the facial and lingual 
surface of the incisor root in 3 regions, namely at the level 
of the MBC, the midline level of the root, and the dental 
apex.14,23,26,35 Nevertheless, the alveolar bone plate thickness  
has reduced dimensions, especially in the marginal crest 
region; this limitation compromises accuracy, making it im-
possible to detect changes of smaller than 0.5 mm.37-39 Thus, 
small changes may not be appropriately quantified, in ad-
dition to being within the random error margin. Therefore, 
in this study, the total width of the alveolar bone was mea-
sured in the facial-lingual direction for a more precise eval-
uation of bone alterations. As a result, regarding the dental 
bone ridge width, a significant reduction was noted in A2 -  
that is, in the region located 6 mm below the CEJ-CEJ  
line (Table 2). No changes in A1, A3, or A4 were observed, 
indicating possible fenestration in this region. 

The distance between the CEJ and the marginal bone crest  
on the facial side (F-CEJ-MBC) underwent a positive cha-
nge; that is, there was a significant increase in this variable 
at T2 (Table 2), indicating vertical bone loss or dehiscence 
in this region. The distance between the CEJ and the mar-
ginal bone crest on the lingual surface (L-CEJ-MBC) did 
not increase significantly, unlike the results of other studies 
conducted with CBCT.14,40 One study evaluated bone loss 
on the facial and lingual sides of anterior teeth in patients 
treated orthodontically with premolar extraction and identi-
fied an average bone loss of 5.7 mm on the lingual surface 
of mandibular central incisors.40 Another study14 obtained a 
statistically significant bone loss of 1.12 mm on the lingual 

Table 5. Correlations of changes in the interdental septum and 
alveolar bone variables with changes in the vertical (MIH) and an-
gular position (IMPLA) of the mandibular incisors

Δ MIH Δ IMPLA

r r

Δ SH_D 0.73** -0.07
Δ S1_D -0.32 0.19
Δ S2_D -0.41* 0.15
Δ S3_D -0.62** 0.22
Δ S4_D -0.67** 0.09
Δ SH_M 0.69** -0.06
Δ S1_M -0.36* -0.77
Δ S2_M -0.42* 0.12
Δ S3_M -0.75** 0.06
Δ S4_M -0.77** -0.10
Δ FH-MBC-LP 0.78** -0.49**
Δ LH-MBC-LP 0.72** 0.16

*: Correlation is significant at the 0.05 level (2-tailed), **: Correlation is 
significant at the 0.01 level (2-tailed)
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surface of the mandibular incisor in patients treated ortho-
dontically without dental extraction.14 Our study found no 
significant bone loss of 0.39 mm on the lingual surface. 
Some factors may have contributed to findings that diver-
ged from ours, such as orthodontic appliances, as other 
studies used the MBT pre-adjusted appliance or self-ligating  
brackets, and treatment without dental extraction.

Although L-CEJ-MBC did not significantly change, 
L-CEJ-MBC and F-CEJ-MBC showed moderate correla-
tions with the irregularity index, illustrating that the greater 
the degree of dental crowding, the greater the trend of verti-
cal  bone loss after orthodontic treatment without dental ex-
traction. This information may help the orthodontist choose 
a proper treatment plan, especially in patients who show 
signs of gingival recession.

The increase in mandibular incisor inclination towards the 
facial side has been reported in the literature as a cause or  
risk factor for facial bone dehiscence. Experimental studies 
performed on monkeys, in which the mandibular incisor was  
projected towards the facial side with an extension between 
3 mm and 6 mm, showed bone loss and gingival recession in  
the facial region.8,9 However, another study stated that the 
final inclination of the mandibular incisor is more important  
than the projection of this tooth and considered an inclina-
tion of greater than 96° to be a risk factor.14 A more recent 
study evaluated the inclination of mandibular incisors after 
orthodontic treatment without extraction and obtained an 
average increase of 2.40° in this angle.14 However, these  
authors found no correlation between the increase in this in-
clination and vertical bone loss. The present study obtained an  
average increase of 4.02° in the facial inclination of the inci-
sors, but this increase was not statistically significantly cor-
related with the increase in the distance between the facial  
bone crest and the CEJ, a variable used to identify bone de-
hiscence. Nonetheless, this variable was correlated with a re-
duction in the height of the facial bone plate (Tables 3 and 4).  
Future studies should evaluate the safety limit at which the 
mandibular incisor may be projected towards the facial side 
or retroinclined without causing marginal bone loss.

This study focused on evaluating the interdental bone sep-
tum and evaluating the alveolar bone to identify variables  
that could contribute to detecting bone loss resulting from 
orthodontic forces. For this reason, the choice was made to  
analyze the interdental septum in the mesial and in the distal  
sides of the mandibular incisors separately, as the direction 
of orthodontic forces may have different effects on each side 
of the tooth. An interesting finding was the correlation bet-
ween the interdental septum height and the marginal bone 
loss on both the lingual and facial sides, possibly because  

the remodeling process during orthodontic treatment occurs 
on all sides around the teeth, including the interdental sep-
tum, and not only on the facial and lingual sides (Table 3). 
The results also showed moderate to strong significant cor-
relations between the height of the facial and lingual bone 
plate and the height and thickness of the interdental septum 
on the incisor’s mesial and distal sides (Table 4). Future 
studies may define monitoring criteria for the marginal 
bone loss of incisors by evaluating the interdental septum.

Not much is known about the effects of the vertical change 
of the incisor after orthodontic movement on the periodon-
tium; however, this aspect may be important in evaluating 
vertical bone loss.41 A previous study reported a 5-mm  
extrusion in the projected incisors that developed dehis-
cence.8 In the current study, the MIH measurement was de-
signed to evaluate whether the incisors’ extrusion or intrusion 
would cause any changes in thickness and height to the bone 
ridge and the interdental septum, as well as in F-CEJ-MBC  
and L-CEJ-MBC. However, the MIH measurement does not 
merely represent a vertical position change, but rather the  
vertical and sagittal movement of the incisors. Although the 
results showed a moderate to strong association between the 
increase in the MIH variable and reduced thickness in the 
interdental septum, further studies will be needed to obtain  
a tooth measurement representing a purely vertical position 
change. 

In conclusion, significant marginal bone loss was only 
observed on the incisors’ facial side, indicating dehiscence  
after the orthodontic treatment of mandibular incisor crowd-
ing without tooth extraction. The degree of dental crowding,  
assessed through the irregularity index, was associated with 
the risk of bone dehiscence in the incisors when orthodontic  
treatment was performed without dental extraction. The 
interdental SH was correlated with marginal vertical bone 
loss on both the lingual and facial sides. Therefore, inter-
dental septum measurements may be used to monitor mar-
ginal bone loss during orthodontic treatment. 
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