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Abstract: This study is to use cone beam computed tomography (CBCT) to acquire accurate radiographic images 
for alveolar bone in lower incisors and the change after presurgical orthodontic treatment. Seventeen patients with 
skeletal Class III malocclusion, ten normal occlusion subjects, and fifteen patients treated with orthodontic treat-
ment and orthognathic surgery were included. CBCT images were obtained. The labial and lingual inclinations of 
mandibular incisors, the thickness of alveolar bone, the vertical alveolar height and root length were measured. 
Alveolar bone thickness at the apex in patients with skeletal Class III malocclusion was thinner than normal sub-
jects. The vertical alveolar bone heights at labial and lingual sides in patients with skeletal Class III malocclusion 
were both reduced compared with normal subjects, especially at the labial side. There were statistically significant 
correlations between lower incisor inclination and alveolar bone morphology. After orthodontics, the incisors root 
apex was closer to the lingual side of alveolar bone. The alveolar bone thickness at apex was not statistically 
changed. The vertical alveolar bone heights at the labial and lingual sides were both significantly reduced especially 
the lingual side after presurgical orthodontic treatment. The root length was not significantly changed. In conclusion, 
the alveolar bone thickness at apex is thinner and the vertical alveolar height is reduced at the labial side. Forward 
movement of lower incisors during presurgical orthodontic treatment can render the lower incisors root apex closer 
to the lingual side and the vertical alveolar height is reduced.

Keywords: Cone beam computed tomography, lower incisors, alveolar bone, skeletal Class III malocclusion, orth-
odontic decompensation

Introduction

Skeletal Class III malocclusion is a common 
skeletal malocclusion. It affects the looks of 
patients, as well as the function of occlusion 
[1]. Currently, the combination of orthodontics 
and orthognathic surgery is an effective treat-
ment method for adults with skeletal Class III 
malocclusion [2]. The outcomes of orthodon-
tics before orthognathic surgery usually affect 
the effectiveness of the surgery and postopera-
tional stability. It is widely accepted that the 
degree of orthodontic decompensation before 
surgery directly affects the quality and quantity 
of bone movements during orthognathic sur-
gery [3]. From clinical observation, the lingual 

inclination of the compensated lower incisors in 
patients with skeletal Class III malocclusion 
often results in thinner bone thickness at labial 
side and gingival recessions. It appears that the 
occurrence of alveolar bone loss or fenestra-
tion is more common when the lower incisors 
are decompensated during presurgical treat-
ment. Previously, the morphology of the alveo-
lar bone in the mandibular incisor region has 
been evaluated with X-ray radiographs, but the 
result is not accurate due to the poor accuracy 
of two-dimensional imaging. Computed tomog-
raphy (CT) is accurate enough, but is still rarely 
used clinically due to its high costs and high 
radiation levels. In recent years, cone beam 
computed tomography (CBCT) is widely used in 
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oral examinations, due to its advantages of low 
radiation and accurate three-dimensional 
images. In this study, we use CBCT to acquire 
accurate radiographic images to investigate 
the characteristics of the morphology of alveo-
lar bone in the region of lower incisors and 
changes after presurgical orthodontic treat- 
ment.

Materials and methods

Patients

For the investigation of the characteristics of 
alveolar bone morphology in the region of lower 
incisors, 17 patients with skeletal Class III mal-
occlusion were included from February 2011 to 
August 2011 in the Department of Orthodontics, 
The Fourth Military Medical University. The 
inclusion criteria were: i) severe skeletal Class 
III malocclusion such as anterior crossbite, 
molar Angle’s Class III relationship, ANB ≤ -1.5° 
and midface depression; ii) being older than 18 
years, with permanent and complete dentition; 
iii) no temporomandibular joint disease or orth-
odontic treatment history; iv) being mentally 
healthy and acceptable to orthognathic sur-
gery. In addition, contemporary 10 healthy sub-
jects with normal occlusion were included into 
the control group. The inclusion criteria were: 

Figure 1. Measuring method for lower incisors. A. Axial cross section for measurement of teeth position; B. Coronal 
section for the adjustment of teeth axis direction; C. Sagittal image of teeth.

Figure 2. Measuring items for lower incisors. A. Mark-
ing points of lower incisors. 1, edge of lower incisors; 
2, root point of lower incisors; 3, labial cementoe-
namel junction (CEJ) point; 4, lingual CEJ point; 5, 
labial point of alveolar ridge crest; 6, lingual point 
of alveolar ridge crest; 7, long axis of the lower inci-
sors; 8, a line vertical to long axis, using root point as 
pedal; 9, intersection point of line 8 with labial corti-
cal bone; 10, intersection point of line 8 with lingual 
cortical bone; 11, a connection line between point 
3 and 4; 12, intersection point of lines 7 and 11. B. 
Measurement items for lower incisors. LA, labial al-
veolar bone thickness (the distance from point 2 to 
9); LP, lingual alveolar bone thickness (the distance 
from point 2 to 10); LA + LP, root alveolar overall 
thickness (the distance from point 9 to 10); alveo-
lar attachment height [the height from alveolar ridge 
crest (AC) to cementoenamel junction (CEJ)]; LAH, la-
bial alveolar bone height (the distance from point 3 

to 5); LPH, lingual alveolar bone height (the distance 
from point 4 to 6).
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no orthodontic treatment history, normal face 
shape, teeth in order, neutral occlusion, and 
normal overlapping.

To study the changes in the morphology of alve-
olar bone in the region of lower incisors after 
presurgical orthodontic treatment, 15 patients 
with skeletal Class III malocclusion admitted 
from February 2011 to May 2011 at our hospi-
tal were enrolled in the study. The inclusion cri-
teria were: i) severe skeletal Class III malocclu-
sion such as anterior crossbite, molar Angle’s 
Class III relationship, ANB ≤ -3° and midface 
depression; ii) being older than 18 years, with 
permanent and complete dentition; iii) conges-
tion degree of lower dentition ≤ 3 mm, without 
teeth missing in mandible; iv) no temporoman-
dibular joint disease, obvious facial skew or 
orthodontic treatment history; v) being mental-
ly healthy and acceptable to orthodontics-
orthognathic surgery combination therapy. All 
of the 15 patients underwent presurgical orth-

and lower incisors. The terminal arch wire was 
stainless wire with a dimension of 0.019 × 
0.025 inches. The duration for presurgical orth-
odontic treatment ranged between 7.6 to 14 
months, with an average of 11.8 months. After 
presurgical orthodontic treatments, maxillary 
deformities were treated with orthognathic 
surgery.

X-ray

Using X-ray, cephalograms were taken to help 
planning analysis before treatment (T0 phase) 
and 1 month before orthognathic surgery.

CBCT

For the investigation of the characteristics of 
alveolar bone morphology in the region of lower 
incisors, lateral cephalometrics and CBCT 
scanning of each subject were performed. To 
monitor changes in the morphology of alveolar 

Table 1. Comparison of lateral cephalometric parameters in patient group and control group

Measurements
Patient group (n = 17) Control group (n = 10)

P
Mean ± SD Min Max Mean ± SD Min Max

SNA 80.8 ± 3.3 75.1 87.1 80.5 ± 4.4 75.1 87.5 0.635
SNB 84.4 ± 4.1 78.8 95.0 78.2 ± 4.1 74.0 82.4 0.000*

ANB -4.6 ± 1.9 -7.5 -1.9 3.2 ± 2.1 1.3 6.0 0.000*

Wits -11.5 ± 2.7 -7.1 -13.3 -1.2 ± 3.0 -3.8 2.7 0.000*

FMIA 71.9 ± 9.4 60.5 85.4 56.7 ± 7.7 46.7 65.1 0.012*

IMPA 78.8 ± 6.1 67.3 85.7 95.1 ± 4.2 89.3 97.5 0.000*

GoGn-SN 31.2 ± 5.4 22.5 47.0 28.1 ± 4.8 24.3 34.8 0.035*

Note: SNA, the angle formed by sella center (S), nasion (N), and superior alveolar base point (A); SNB, the angle formed by sel-
la center (S), nasion (N), and inferior alveolar base point (B); ANB, the angle formed by superior alveolar base point (A), nasion 
(N), and inferior alveolar base point (B); Wits, the positional relationship between the anterior parts of maxilla and mandible; 
FMIA, Frankfort mandibular incisor angle; IMPA, incisor mandibular plane angle; GoGn-SN, the angle between mandibular 
plane and anterior skull base. *, statistically significant between patient group and control group.

Table 2. Comparison of alveolar thickness and height between 
patient group and control group

Measurements
Patient group  

(n = 17)
Control group  

(n = 10) t P
Mean SD Mean SD

LA 0.81 0.42 1.93 0.28 -8.488 0.000*

LP 2.52 0.48 2.33 0.61 -1.034 0.311
LA + LP 3.29 0.56 4.26 0.70 -5.342 0.000*

LAH 5.21 1.27 2.17 0.51 9.012 0.000*

LPH 2.40 0.58 2.52 0.46 -0.943 0.355
Note: LA, labial alveolar bone thickness; LP, lingual alveolar bone thickness; LA + 
LP, root alveolar overall thickness; LAH, labial alveolar bone height; LPH, lingual 
alveolar bone height. *, statistically significant between patient group and control 
group.

odontic treatments, including 
10 patients with tooth extrac-
tion from maxilla but not man-
dible, and 5 patients without 
tooth extraction from either 
maxilla or mandible. All pati- 
ents were treated with str- 
aight wire appliance (0.022 × 
0.028 inches; Unitek MBT, 3 
M, Maplewood, MN, USA). The 
nickel-titanium wires used 
during presurgical orthodon-
tic treatments were gradually 
aligned according to thick-
ness, and extended for de- 
compensation along the lips 
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bone in the region of lower incisors after pre-
surgical orthodontic treatment, lateral head 
imaging and CBCT scanning of each subject 
were performed before treatment (T0 phase) 
and one month before orthognathic surgery (T1 
phase). CBCT scanning was performed by 
Galileo (Sirona Dental Systems, Long Island 
City, NY, USA), using conditions: height of Scan 
Field of View, 150 mm; width of Scan Field of 
View, 150 mm; voltage, 85 kV; current, 21 mA; 
layer thickness 150 µm; exposure time, 20 s; 
radiation dose, 0.029 smv. All subjects were 
scanned by the same radiologist following strict 
scanning protocol. Scanned images were saved 
onto a computer in DICOM format. The regions 
of lower incisors were chosen in slicing win-
dows, teeth position and slice angle were 
defined in the cross section, the long axis of the 
teeth obtained on coronal section was adjusted 
to vertical, and the sagittal image of teeth posi-
tion was obtained (Figure 1). Galileo Viewer 
software (Sirona Dental Systems, Long Island 
City, NY, USA) was used for measurements 
(Figure 2).

Statistical analysis

Excel 2007 (Microsoft, Redmond, WA, USA) 
was used to build the database. All acquired 
data were analyzed using SPSS 19.0 (IBM, 
Armonk, NY, USA). Differences between two 
groups were examined using t test. Scatter 
plots were drawn to observe linear correlation 

formed. The data showed that bone index SNB 
in patient group was significantly increased 
compared with control group (P < 0.01). By con-
trast, ANB and Wits value in patient group were 
both reduced compared with controls (P < 
0.01). For teeth indices, patient group had sig-
nificantly increased FMIA angle and decreased 
IMPA compared with control group (P < 0.01). In 
addition, the value of GoGn-SN in patient group 
was significantly increased compared with con-
trol group (P < 0.05) (Table 1). These results 
suggest that patients with skeletal Class III 
malocclusion have disordered sagittal relation-
ship between upper and lower jaws, as well as 
lingual inclination of lower incisors with high 
angles.

Patients with skeletal Class III malocclusion 
have different parameters and inclination 
angles of lower incisors compared with healthy 
subjects

To measure the parameters of lower incisors in 
skeletal Class III malocclusion, we used CBCT. 
The data of patient group showed that the dis-
tance from root point to labial cortical bone (LA) 
ranged 0-1.4 mm, with an average of 0.8 mm. 
The thickness of alveolar bone (LA + LP) ranged 
2.3-4.1 mm, with an average of 3.3 mm. The 
distance from labial cementoenamel junction 
(CEJ) point to labial alveolar ridge crest (LAH) 
ranged 2.9-8.1 mm, with an average of 5.2 
mm. These values were all significantly differ-

Figure 3. Correlation between labial 
inclination of lower incisors (IMPA) 
the shape of alveolar bone. A. Cor-
relation between IMPA and labial 
bone thickness (LA); B. Correlation 
between IMPA and alveolar bone 
thickness (LA + LP); C. Correlation 
between IMPA and lingual bone 
height (LAH).

between variables. Pearson 
correlation analysis was per-
formed using linear correla-
tion statistical methods. Diff- 
erences were considered sta-
tistically significant if P < 
0.05.

Results

Patients with skeletal Class 
III malocclusion have disor-
dered sagittal relationship 
between upper and lower 
jaws, as well as lingual incli-
nation of lower incisors with 
high angles

To study the basic character-
istics of skeletal Class III mal-
occlusion, lateral head imag-
ing using X-ray was per-
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ent from those in control group (P < 0.01) (Table 
2). In addition, study on the correlation between 
the inclination of lower incisors and the shape 
of alveolar bone showed that IMPA angle is pos-

on the parameters of lower incisors in skeletal 
Class III malocclusion, we carried out CBCT. 
The data showed that alveolar bone thickness 
(LA + LP) in T1 phase was not significantly 

Table 3. Pearson correlation analysis between the tilt of lower incisors 
and the shape of alveolar bone

Analysis method LA LP LA + LP LAH LPH
Tilt of lower incisors Pearson correlation 0.867 0.177 0.736 -0.816 -0.318

P-vaule 0.000* 0.497 0.023* 0.000* 0.241
Note: LA, labial alveolar bone thickness; LP, lingual alveolar bone thickness; LA + LP, 
root alveolar overall thickness; LAH, labial alveolar bone height; LPH, lingual alveolar 
bone height. *, statistically significant correlation between the tilt of lower incisors and 
the parameter of the shape of alveolar bone.

Table 4. Effect of orthodontic decompensation on the basic charac-
teristics of skeletal Class III malocclusion
N = 15 T0 phase T1 phase

T P
Measurements Mean ± SD Mean ± SD
SNA 80.81 ± 3.30 80.16 ± 3.35 -1.445 0.171
SNB 84.41 ± 4.12 84.93 ± 4.05 0.080 0.938
ANB -4.63 ± 1.89 -4.82 ± 1.93 0.281 0.783
Wits -11.49 ± 2.71 -11.30 ± 2.71 6.580 0.217
FMIA 71.90 ± 9.42 57.67 ± 8.30 7.601 0.000*

IMPA 78.79 ± 6.08 90.12 ± 4.14 7.361 0.000*

GoGn-SN 31.21 ± 5.41 31.31 ± 5.36 1.070 0.316
Note: Lateral cephalograms were taken using X-ray. SNA, the angle formed by sella cen-
ter (S), nasion (N), and superior alveolar base point (A); SNB, the angle formed by sella 
center (S), nasion (N), and inferior alveolar base point (B); ANB, the angle formed by 
superior alveolar base point (A), nasion (N), and inferior alveolar base point (B); Wits, 
the positional relationship between the anterior parts of maxilla and mandible; FMIA, 
Frankfort mandibular incisor angle; IMPA, incisor mandibular plane angle; GoGn-SN, 
the angle between mandibular plane and anterior skull base. *, statistically significant 
between T0 phase and T1 phase.

Table 5. Effect of orthodontic decompensation on alveolar thickness 
and height
N = 15 T0 phase T1 phase T1-T0

P
Measurements Mean SD Mean SD Mean SD
LA 0.81 0.35 2.52 0.70 1.71 0.43 0.000*

LP 2.78 0.51 0.71 0.59 -2.07 0.51 0.000*

LA+LP 3.41 0.79 3.32 0.77 0.09 0.71 0.651
LAH 5.20 1.33 5.74 1.43 0.54 1.29 0.021*

LPH 2.83 0.69 4.19 1.81 1.36 1.05 0.000*

RL 10.21 1.34 10.15 1.35 -0.06 1.38 0.419
% (LAH/RL) 49.81 19.61 53.15 10.43 3.34 16.47 0.016*

% (LPH/RL) 27.61 11.94 40.23 8.18 12.61 10.52 0.000*

Note: T0 phase, before orthodontic decompensation; T1 phase, one month before 
orthognathic surgery. LA, labial alveolar bone thickness; LP, lingual alveolar bone 
thickness; LA + LP, root alveolar overall thickness; LAH, labial alveolar bone height; 
LPH, lingual alveolar bone height; RL, root length.*, statistically significant between T0 
phase and T1 phase.

itively correlated to LA and 
LA + LP, and negatively cor-
related to LAH (Figure 3; 
Table 3). These results 
indicate that patients with 
skeletal Class III malocclu-
sion have different param-
eters and inclination ang- 
les of lower incisors com-
pared with healthy sub- 
jects.

Orthodontic decompensa-
tion is effective in correct 
basic characteristics of 
skeletal Class III malocclu-
sion

To test the effect of orth-
odontic decompensation 
on the basic characteris-
tics of skeletal Class III 
malocclusion, lateral head 
imaging using X-ray was 
performed. The data sh- 
owed that SNA, SNB, ANB, 
Wits value, and GoGn-SN 
were not different before 
and after orthodontics. 
However, FMIA was signifi-
cantly reduced from 71.90 
± 9.42° (T0 phase) to 
57.67 ± 8.30° (T1 phase), 
while IMPA was significant-
ly increased from 78.79 ± 
8.08° (T0 phase) to 90.12 
± 4.14° (T1 phase) (P < 
0.05) (Table 4). These re- 
sults suggest that orth-
odontic decompensation is 
effective in correct basic 
characteristics of skeletal 
Class III malocclusion.

Orthodontic decompensa-
tion significantly corrects 
the parameters of lower 
incisors in skeletal Class III 
malocclusion

To study the effect of orth-
odontic decompensation 
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changed compared with that in T0 phase, but 
labial alveolar thickness (LA), lingual alveolar 
thickness (LP), labial alveolar height (LAH), and 
lingual alveolar height (LPH) in T1 phase were 
all significantly different from those in T0 phase 
(Table 5). In addition, root length (RL) was not 
significantly different between T1 and T0 phas-
es, while labial and lingual alveolar attachment 
height percentages in T1 phase were both sig-
nificantly different from those in T0 phase 
(Table 5). Moreover, the relative positions of 
root apex were altered greatly, being moved 
from labial cortical bone (LA = 0.81 ± 0.35 mm) 
to lingual cortical bone (LP = 0.71 ± 0.59 mm) 
(Table 5; Figure 4). The results indicate that 

restrained by cortical bone, due to its anatomi-
cal structure. Clinically, alveolar condition of 
lower incisor region directly affects correction 
plan and treatment progress. In the present 
study, we chose adult patients with severe skel-
etal Class III malocclusion. Before orthognathic 
surgery, labial inclination of lower incisors was 
corrected by orthodontics, and then the shape 
of alveolar shape became the main factor 
responsible for lower incisor movements.

Beckmann et al. showed that skeletal Class III 
malocclusion has narrower alveolar bone thick-
ness than other skeletal types, suggesting that 
it might be related to lower plane height and 

Figure 4. CBCT imaging of lower incisors before and after orthodontic treat-
ment. A. Sagittal view of lower incisors before treatment (T0 phase). B. Sagit-
tal view of lower incisors after orthodontic decompensation (T1 phase). C. 
Coronal view of lower incisors before treatment (T0 phase). D. Coronal view 
of lower incisors after orthodontic decompensation (T1 phase).

orthodontic decompensation 
significantly corrects the 
parameters of lower incisors 
in skeletal Class III malo- 
cclusion.

Discussion

Current therapies for skeletal 
Class III malocclusion in 
adults mainly include con-
cealing orthodontic treat-
ment, and orthodontics-orth- 
ognathic surgery combina-
tion. These two methods use 
opposite correction mecha-
nisms. Concealing orthodon-
tic treatment uses decom-
pensation to build relatively 
normal occlusion to conceal 
skeletal deformities, while 
orthodontics-orthognathic 
surgery combination elimi-
nates teeth decompensation 
in orthodontics before sur-
gery, and corrects skeletal 
deformities by skeletal move-
ments during orthognathic 
surgery. The movement of the 
positions of upper and lower 
incisors in different therapies 
can be completely opposite, 
and attracts more and more 
research concerns in the 
treatment of skeletal Class III 
malocclusion [4, 5]. Many re- 
searchers believe that the 
movement range of incisors is 
closely related to alveolar 
bone shapes. The movement 
of lower incisors can be easily 
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mandibular plane angle [6, 7]. Chung et al. fur-
ther discovered that patients with skeletal 
Class III malocclusion of open bites had the 
narrowest lower incisor alveolar thickness [8]. 
Our study showed that the average overall 
thickness of alveolar bone in lower incisor 
region (LA + LP) was 3.3 mm, which was signifi-
cantly smaller than that of control (4.3 mm; P < 
0.05). In addition, LA + LP value is negatively 
correlated to the inclination angle of lower inci-
sors, being consistent with CT results obtained 
by Yamada et al. In the present study, the dis-
tance form root point to labial cortical bone (LA) 
in patient group (0.8 mm) was significantly 
smaller than that of control group (1.9 mm). 
Furthermore, LA value was positively correlated 
to the inclination angle of lower incisors. 
However, the distance from root point to lingual 
cortical bone (LP) in patient group (2.5 mm) 
was not significantly different from that in con-
trol group. These results suggest that the lower 
incisors can be slightly inclined towards the lips 
during presurgical orthodontics, in order to 
make root point being closer to alveolar bone 
center or the root moving towards the tongue. 
These can prevent excessive lingual inclination 
of lower incisors and reduce the risk of teeth 
root exposure. Of note, the small movement 
range of lower incisors in the present study is 
still excessive for thin alveolar bones, and can 
increase the possibility of perforation of corti-
cal bone.

Our measurement of labial alveolar attachment 
height (LAH) in patient group was significantly 
higher than that of control group (P < 0.01), and 
LAH was negatively correlated to inclination 
angle of lower incisors. These results suggest 
that patients with skeletal Class III malocclu-
sion have less skeletal support at the root of 
teeth compared with normal subjects. This 
might be caused by damages from abrasion 
between food and labial gums of the lower inci-
sors. According to our results, lingual alveolar 
attachment height in patient group was not sig-
nificantly different from that that in control 
group. Our study also shows that patients with 
skeletal Class III malocclusion have various 
degrees of reduction in alveolar attachment 
height before treatment, which directly affects 
teeth movement types during orthodontics [9]. 
Furthermore, alveolar attachment height reduc-
tion may be aggravated by teeth movement 
and alveolar absorption, finally leading to teeth 
root exposure.

Classical biological theory about orthodontic 
tooth movement believes that alveolar bone 
can rebuild in response to the movement of 
teeth, but Alexander et al. report that the ratio 
of bone reconstruction and teeth movements 
(B/T ratio) is not 1:1 when incisors move 
between buccolingual cortical bones, and is 
affected by teeth movement direction and 
movement type [10]. Xu et al. show that the bio-
logical reconstruction of alveolar bone during 
teeth movement is mainly bone absorption, but 
not osteoproliferation [11].

After orthodontics, LAH was increased from 
5.20 ± 1.33 mm (T0 phase) to 5.74 ± 1.43 mm 
(T1 phase), with labial alveolar attachment 
height being reduced by 0.54 mm; LPH was 
increased from 2.83 ± 0.69 mm (T0 phase) to 
4.19 ± 1.81 mm (T1 phase), with lingual alveo-
lar attachment height being reduced by 1.36 
mm. These data suggest the occurrence of 
alveolar bone absorption. The percentage of 
LAH or LPH compared with root length in T1 
phase was significantly increased by 3.34% 
and 12.61%, respectively, compared with T0 
phase. The change in labial alveolar attach-
ment height was more than that in lingual alve-
olar attachment height. These results are 
smaller compared with those reported by Kim, 
but larger than those reported by Lee. The dis-
crepancies between these three reports might 
be due to different cases and surgical judg-
ment criteria. However, the ratio of alveolar 
change to root length was similar among these 
reports, suggesting that labial movement of 
lower incisors might reduce alveolar attach-
ment height and lead to teeth root exposure.

In this study, several cases showed shadows in 
root apex part. However, quantitative length 
measurement of teeth root did not show signifi-
cant differences before and after treatment. 
Previous studies show that root apex can lead 
to teeth root absorption when reaching cortical 
bone. The cases that showed this type of shad-
ow in the present study still need longer follow-
up observations.

In conclusion, adult patients with skeletal Class 
III malocclusion have thinner alveolar bone 
thickness in lower incisor region, reduced alve-
olar height and labial alveolar attachment 
height. Movement of lower incisors in alveolar 
bones with poor conditions can aggravate the 
reduction of alveolar attachment height. During 
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treatment, clinical physicians should consider 
the periodontal condition of patients’ lower 
incisors before defining correction plans.
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