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Objective: To develop a new alveolar bone morphology classification for maxillary incisors in
patients with maxillary protrusion, and to investigate the association of alveolar morphology
with skeletal patterns and alveolar bone defects following retraction.

Methods: A retrospective study of CBCT scans was performed for 250 patients with maxillary
protrusion. The morphology of alveolar bone around maxillary incisors was classified into four
types: Al (upright maxillary incisor in thin alveolar bone), A2 (lingually inclined maxillary
incisor in thin alveolar bone), B1 (upright maxillary incisor in thick alveolar bone) and B2
(lingually inclined maxillary incisor in thick alveolar bone). The association of alveolar types
with different skeletal patterns and the incidence of post-treatment alveolar bone defects were
analysed.

Results: For maxillary incisors in patients with maxillary protrusion, A1l was the most com-
mon alveolar type (33.4%), followed by A2 (28.5%), B1 (22.1%) and B2 (16.0%). Types B1
(34.4%) and A2 (42.2%) were the most common in maxillary central and lateral incisors,
respectively. In high angle patients, A2 and Al were the most common types for maxillary lat-
eral (49.6%) and central incisors (41.2%), respectively. Additionally, types Al and A2 were at
greater risk of severe lingual dehiscence.

Conclusion: This is the first alveolar bone morphology classification for maxillary incisors in
patients with maxillary protrusion. The alveolar types exhibited a significant association with

skeletal patterns and the incidence of alveolar bone defects after retraction.
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For patients with maxillary protrusion, extraction of
the maxillary premolars followed by maxillary incisor
retraction may improve facial harmony and aesthetics.
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The sagittal position of the maxillary incisors is con-
sidered crucial for treatment planning and facial profile
evaluation. There are several methods for determining
the ideal sagittal position of the maxillary incisors.13
For example, Andrews! proposed six elements of oro-
facial harmony, and suggested the facial-axis point of
the maxillary central incisor should be located at the
forehead anterior limit line; however, these methods
often neglect the alveolar bone morphology surround-
ing the maxillary incisors, which limits tooth move-
ment. Exceeding these limits during maxillary incisor
retraction can lead to alveolar bone defects, such as la-
bial fenestration and lingual dehiscence, as reported by
several studies using CBCT.*® Thus, it is important to
evaluate the alveolar bone morphology before initiating
orthodontic treatment.

Current classification systems for assessing alveolar
bone morphology surrounding the maxillary incisors
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Fig1 Measurement of alveolar bone thickness (AB, cervical
alveolar bone thickness; DE, apical alveolar bone thickness)
and maxillary incisor to alveolar bone inclination (angle q, angle
between the line HG and the line CF).

are primarily focused on implant treatment. Kan et
al® and Lau et al” classified alveolar bone morphology
based on the labial and lingual bone thicknesses and
tooth position and angulation for immediate implant-
ation. However, there is a lack of studies regarding the
classification of alveolar bone morphology within the
context of maxillary incisor retraction in patients with
maxillary protrusion.

The present study analysed the maxillary incisor
position relative to the corresponding alveolar bone
and introduced a new classification system for evalu-
ating alveolar bone morphology in patients with max-
illary protrusion. Due to the strong correlation of al-
veolar bone morphology, including alveolar thickness
and tooth inclination, with sagittal and vertical skeletal
patterns,®? the present authors further evaluated the
distribution of alveolar types across different skeletal
patterns and analysed the prevalence of alveolar bone
defects following retraction in each alveolar type.

Materials and methods

Participants

This study was approved by the Ethics Committee of
Peking University School and Hospital of Stomatology
(PKUSSIRB-202168141). Written informed consent was
obtained from all participants. The inclusion criteria
were age > 18 years, skeletal Class I/11 (0° < ANB angle
< 8%, maxillary jaw protrusion (SNA angle > 81°),10
upper lip in front of the E-line (> 1 mm), orthodontic
extraction treatment with maxillary incisor retraction

124

(> 3 mm) and available pre- and post-treatment CBCT
images. The exclusion criteria were maxillary incisors
with obvious crowding (> 3 mm), root canal treatment or
crowns, moderate to severe root resorption, periodon-
titis, trauma, tumours, cleft lip and/or palate, systemic
disease, smoking and use of medication related to bone
metabolism.

A total of 250 patients with maxillary protrusion from
the Department of Orthodontics, Peking University
School and Hospital of Stomatology were included ret-
rospectively. Three orthodontists (Li WR, Huang YP and
Guo RZ) performed the orthodontic treatment using
MBT brackets with a 0.022” x 0.028” slot (3M Unitek,
Monrovia, CA, USA). Sliding mechanics and one-step
retraction were used to retract the maxillary incisors
with 0.019” x 0.025” stainless steel. The four maxillary
incisors in one patient were analysed separately, result-
ing in a total of 1,000 maxillary incisors.

CBCT imaging

The CBCT images were generated using a CBCT unit
(NewTom VGi, Quantitative Radiology, Verona, ltaly)
with axial slice thickness 0.25 mm, field of view 16 x
16 cm and scan time 15 s. Raw DICOM data were then
imported into Dolphin 3D Imaging software (Dolphin
Imaging and Management Solutions, version 11.95 Pre-
mium, Chatsworth, CA, USA). The CBCT images of max-
illary incisors were orientated by adjusting the axial
slice to pass through the cementoenamel junction, with
the sagittal slice passing through the long axis of the
maxillary incisor (a line connecting the midpoint of the
incisal edge and the root apex). The sagittal view of the
maxillary incisor acquired in this way was used for fur-
ther analysis.

Evaluation of alveolar bone morphology

To assess the pre-treatment sagittal root position of
maxillary incisors relative to the surrounding alveolar
bone, maxillary incisor to alveolar bone inclination and
alveolar bone thickness (ABT) at the cervical and apical
levels were assessed (Fig 1). The angle between the long
axis of the tooth (a line connecting the midpoint of inci-
sal edge and the root apex) and the alveolar bone axis (a
line connecting the midpoints of the alveolar bone at the
crestand apical levels) was selected as maxillary incisor
to alveolar bone inclination.

Alveolar bone defects of the maxillary incisor after
retraction, including labial fenestration and lingual
dehiscence, were analysed. Labial fenestration was
defined as a bone defect involving exposure of the
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Fig2 CBCT images and
schematic diagrams of four
alveolar types (A1, A2, B1

and B2).

labial root surface, lacking a cortical covering, but
without involving the alveolar crest.!! Lingual dehis-
cence was defined as a defect where the crest of the
labial alveolar bone was at least 4 mm apical to that of
the interproximal alveolar bone, and was further clas-
sified into no or mild, moderate and severe categories
(lingual alveolar crest within the cervical, middle and
apical thirds of the root, respectively).12

New alveolar bone morphology classification

Based on the ABT, alveolar bone morphology of maxil-
lary incisors was initially classified into types A and B,
having thin (ABT at apical level less than that at cervical
level) and thick alveolar bone (ABT at apical level greater
than that at cervical level), respectively. Subtype classi-
fication was based on the maxillary incisor to alveolar
bone inclination, as reported by Jin et al'3 and Petaibun-
lue et al.!* Subtype 1 included maxillary incisors that
were upright above the alveolar bone (maxillary incisor
to alveolar bone inclination < 20°), whereas subtype 2
included lingually inclined maxillary incisors relative
to the alveolar bone (maxillary incisor to alveolar bone
inclination > 20°). According to the clinical findings,
there were no labially inclined maxillary incisors rela-
tive to the alveolar bone (maxillary incisor to alveolar
bone inclination < 0°). Altogether, the classification sys-
tem for alveolar bone morphology of maxillary incisors
comprised four alveolar types (A1, A2, Bland B2) (Fig 2).

Subgroup analysis

To analyse the distribution of the four alveolar types
with different sagittal and vertical skeletal patterns,
the 250 patients were divided into subgroups accord-
ing to ANB and SN-MP values. Skeletal Classes | and 11
were defined as 0° < ANB < 5° and ANB > 5°, respective-
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ly. Average, low and high angle skeletal patterns were
defined as 28° < SN-MP < 37°, SN-MP < 28° and SN-MP
> 37°, respectively. Additionally, the prevalence of post-
treatment alveolar bone defects among the four alveolar
types was analysed.

Statistical analysis

Twenty patients were randomly selected for reproduci-
bility analysis. The pre-treatment alveolar bone morph-
ology classification and post-treatment alveolar bone
defect diagnosis were assessed independently by two
examiners (Guo RZ and Qin QY) and repeated after 2
weeks. The intra- and inter-examiner agreements were
assessed using a weighted Cohen kappa test. The new
classification system showed excellent intra- and inter-
examiner agreement (0.962 and 0.974, respectively). For
the diagnosis of post-treatment alveolar bone defects,
the intra- and inter-examiner agreement was also sat-
isfactory (0.924 and 0.939, respectively). A chi-square
test was applied to compare the distribution of alveo-
lar types among groups. Statistical analyses were con-
ducted using SPSS Statistics software (version 26; IBM,
Armonk, NY, USA). The level of statistical significance
was set at 0.05.

Results

Distribution of alveolar types among maxillary inci-
sors

The basic characteristics of the participants are shown
in Table 1. The alveolar bone morphology surrounding
the maxillary incisors was predominantly character-
ised as type A (61.9%), whereas type B accounted for
38.1% (Table 2). Among the four types, Al (33.4%) was
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Table 1 Demographic information of patients included in the
study.

Measurements Mean + SD

Age (y) 25.30 + 5.70
Sex (male/female) 29/221

Angle classification (Class I/Class Il) |191/59
Vertical overlap (mm) 1.35+1.20
Horizontal overlap (mm) 419 +1.82
SNA () 86.26 + 2.89
ANB (°) 5.96 +2.19
SN-MP () 37.00 £ 6.37
U1-SN (°) 110.19 £ 6.40
Nasolabial angle (°) 93.96 +10.57

the most common, followed by A2 (28.5%), B1 (22.1%)
and B2 (16.0%). The distribution of alveolar types varied
significantly between the maxillary central and lateral
incisors. Types Al (33.6%) and B1 (34.4%) were most
common around maxillary central incisors, whereas
A2 (42.2%) and Al (33.2%) were most common around
maxillary lateral incisors.

Alveolar type distribution in different skeletal pat-
terns

As shown in Table 3, the distribution of the four alveo-
lar types differed significantly between skeletal Class |
and Class 11 patients for both the maxillary central inci-
sor (P =0.038) and lateral incisor subgroups (P = 0.002).
Skeletal Class Il participants had a higher proportion of
type 2 alveolar bone (maxillary central incisor 35.3%;
maxillary lateral incisor 58.7%) compared to Class | pa-
tients (maxillary central incisor 23.2%; maxillary lateral
incisor 52.3%). For maxillary lateral incisors, type Al
was more common in skeletal Class | patients (37.3%),
whereas type A2 was the most common alveolar type in
skeletal Class Il patients (46.7%).

Significant differences were also observed in alveolar
type distribution among the vertical skeletal patterns
(P < 0.001 for both maxillary central and lateral inci-
sors). For maxillary central incisors, type B accounted
for 56.3%, 78.5% and 44.4% of the average, low and high
angle patients, respectively. Regarding the subtypes, B1
was the most common alveolar type in average (41.0%)
and low angle (67.9%) patients, whereas Al was the
most common in high angle patients (41.2%). For max-
illary lateral incisors, type A was the most common
alveolar type in all vertical skeletal patterns. Types A2
(49.6%) and Al (36.8%) accounted for the majority of
high angle patients. Type B was more common in low
angle patients (46.4%) compared to average (34.2%) and
high angle (13.6%) patients.
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Prevalence of alveolar bone defects among alveolar
bone morphological types

Following maxillary incisor retraction, the “no or mild
lingual dehiscence” category accounted for the majority
of type B1 (maxillary central incisor 72.7%; maxillary
lateral incisor 61.2%) and B2 cases (maxillary central
incisor 62.8%; maxillary lateral incisor 41.9%) (Table 4).
Compared to other types, Al and A2 were at greater risk
of severe lingual dehiscence (maxillary central incisor
25.0% and 24.3%; maxillary lateral incisor 31.9% and
40.8%, respectively). Type B1 had the lowest prevalence
of labial fenestrations (maxillary central incisor 4.6%;
maxillary lateral incisor 14.3%), whereas type B2 in
maxillary lateral incisors had the highest prevalence of
27.0%.

Discussion

For patients with maxillary protrusion, maxillary in-
cisor retraction can enhance aesthetics, but it poses a
risk of alveolar bone defects. Several CBCT studies have
reported a high incidence of alveolar bone defects fol-
lowing maxillary incisor retraction.'®16 The present
authors’ previous research demonstrated that the lin-
gual cortical bone was a critical boundary for maxil-
lary incisor retraction, with lingual dehiscence occur-
ring once teeth breached this boundary.® Consequently,
there is an increasing emphasis on the use of CBCT for
evaluating the pre-treatment alveolar bone morphology
to minimise the occurrence of alveolar bone defects.17:18

Existing classification criteria for alveolar bone
morphology of maxillary incisors focus primarily on
implant treatment, often taking ABT and tooth position
into consideration. Kan et al® previously proposed four
types of alveolar bone morphology based on the labial
and lingual ABT. The present classification system sim-
plified ABT into thin (type A) and thick (type B) types.
A previous study reported predominantly thin labial
alveolar bone in patients with maxillary protrusion,
consistent with the present findings.1® The labial ABT
was thin in both types A and B, whereas the lingual
ABT in types A and B was thin and thick, respective-
ly. Due to alveolar bone remodelling, the labial ABT
remained relatively stable and the lingual ABT signifi-
cantly decreased during maxillary incisor retraction.
Regarding tooth position, Zhang et al?° classified it
as the root being positioned against the labial cortex,
against the lingual cortex or in the centre of the alveo-
lar housing. Orthodontic treatment aims to maintain
an upright position of the maxillary incisors within the
alveolar bone during retraction. Therefore, the present
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Table 2 Distribution of alveolar types among maxillary incisors.

00 pe A pe A pe B pe B P value
Maxillary incisor 33.4% (334/1,000) | 28.5% (285/1,000) |22.1% (221/1,000) | 16.0% (160/1,000)
Maxillary central incisor |33.6% (168/500) 14.8% (74/500) 34.0% (172/500) 17.2% (86/500)
Maxillary lateral incisor | 33.2% (166/500) 42.2% (211/500) 9.8% (49/500) 14.8% (74/500)

<0.001

Table 3 Distribution of alveolar type in different skeletal patterns.

Skeletal pattern

Maxillary central incisor Maxillary lateral incisor

Type A1 TypeA2 TypeB1 TypeB2 Pvalue TypeAl TypeA2 TypeB1 TypeB2
Sagittal Skeletal |34.3% 11.9% 42.5% 11.3% 37.3% 29.9% 10.4% 22.4%
skelota] | C12SS ! |(46/134) |(16/134) |(57/134) |(15/134) | .o, |(50/134) |(40/134) |(14/134) |(30/134) | .
type Skeletal |33.3% 15.9% 31.4% 19.4% 31.7% 46.7% 9.6% 12.0%
Class |l | (122/366) |(58/366) |(115/366) |(71/366) (116/366) | (171/366) |(35/366) |(44/366)
Average |27.0% 16.7% 41.0% 15.3% 30.2% 35.6% 14.0% 20.2%
Vertical angle (60/222) |(37/222) | (91/222) |(34/222) (67/222) |(79/222) |(31/222) |(45/222)
Low 17.9% 3.6% 67.9% 10.6% 25.0% 28.6% 25.0% 21.4%
skeletal <0.0071** <0.007**
ype ar?gle (5/28) (1/28) | (19/28) | (3/28) (7/28) (8/28) (7/28) | (6/28)
High 41.2% 14.4% 24.8% 19.6% 36.8% 49.6% 4.4% 9.2%
angle (103/250) | (36/250) | (62/250) | (49/250) (92/250) | (124/250) |(11/250) | (23/250)
*P < 0.05,**P < 0.001.
Table 4 Prevalence of alveolar bone defects among alveolar bone morphological types.
Alveola pe OO0 G gua oderate gua evere gual de ablal Tene atio P value
ae e e ae e e e e
Type A1 48.8% (82/168) 13.7% (23/168) 25.0% (42/168) 12.5% (21/168)
Maxillary central | Type A2 32.4% (24/74) 31.1% (23/74) 24.3% (18/74) 12.2% (9/74) <0001
incisor Type B1 72.7% (125/172) | 16.9% (29/172) 5.8% (10/172) 4.6% (8/172)
Type B2 62.8% (54/86) 12.8% (11/86) 12.8% (11/86) 11.6% (10/86)
Type Al 27.1% (45/166) 19.3% (32/166) 31.9% (53/166) 21.7% (36/166)
Maxillary lateral | Type A2 21.8% (46/211) 19.4% (41/211) 40.8% (86/211) 18.0% (38/211) 0,001
incisor Type B1 61.2% (30/49) 18.4% (9/49) 6.1% (3/49) 14.3% (7/49) :
Type B2 41.9% (31/74) 17.6% (13/74) 13.5% (10/74) 27.0% (20/74)

authors first used the alveolar bone axis as a reference
and classified the alveolar bone into two subtypes, i.e.,
upright maxillary incisors (subtype 1) and lingually
inclined maxillary incisors (subtype 2), based on the
angle between the long axis of the tooth and the alveo-
lar bone axis. To the best of the present authors’ know-
ledge, this is the first classification system for alveolar
bone morphology around maxillary incisors in patients
with maxillary protrusion.

According to the present authors’ new classifica-
tion system, significant differences in alveolar bone
morphology were observed between maxillary central
and lateral incisors. Studies have reported that maxil-
lary lateral incisors typically exhibit narrower alveolar
bone widths compared with maxillary central incisors,
particularly in the apical region, consistent with the
present findings.2%21 The prevalence of type A was
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48.4% in maxillary central incisors and 75.4% in max-
illary lateral incisors. Jin et al3 reported that maxillary
central incisors were positioned upright within the al-
veolar bone in 74.67% of men and 84.66% of women.
The present results indicated that types B1 and Al were
more common in maxillary central incisors, whereas
type A2 was more common in maxillary lateral incisors.
Aside from the thinner alveolar bone, maxillary lateral
incisors also exhibited a lingual inclination relative to
the alveolar bone axis.

Differences in alveolar bone morphology among
different skeletal patterns have been reported. Dalaie
et al® reported that high angle individuals often pre-
sented with thinner alveolar bone around maxillary
central incisors. Similarly, Son et al?2 demonstrated that
Class Il malocclusions with a high angle and normal
maxillary incisor inclination were a risk factor for lin-
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gual bone loss. In line with these findings, the present
study demonstrated that type A was more common in
high angle patients, whereas type B was more common
in those with average and low angle patterns. In high
angle patients, Al and A2 were the most common types
in the maxillary central and lateral incisors, respect-
ively. Regarding the sagittal skeletal patterns, Class Il
patients had a higher proportion of type 2 alveolar bone
compared to Class | patients because of the compensa-
tory lingual inclination of maxillary incisors in Class 11
patients. Thus, the vertical skeletal pattern primarily
influenced the ABT, whereas the sagittal skeletal pat-
tern influenced the maxillary incisor position.

The incidences of alveolar bone defects, including
lingual dehiscence and labial fenestration, among the
four types were further evaluated. Compared to maxil-
lary incisors with type B alveolar bone, those with type
A bone were at a greater risk of lingual dehiscence
following retraction. In particular, the incidence rates
of severe lingual dehiscence in maxillary lateral inci-
sors with type Al and A2 bone were 31.9% and 40.8%,
respectively. Sheng et al* demonstrated that the apex
to labiolingual ABT before orthodontic treatment was
inversely related with the risk of bone defect occur-
rence. Hence, excessive retraction of maxillary inci-
sors with type A bone should be performed cautiously.
Labial fenestration is another common alveolar bone
defect during maxillary incisor retraction. The present
authors found that the incidence of labial fenestration
in maxillary lateral incisors was higher than that in
maxillary central incisors. In addition, labial fenes-
tration was more common in maxillary incisors with
subtype 2 compared to those with subtype 1. Subtype
2 often requires torque control in maxillary incisors
to mitigate the risk of labial fenestration during long-
distance retraction. Thus, a clear association was pres-
ent between the original alveolar bone morphology and
the occurrence of alveolar bone defects after treatment.
It is therefore essential to evaluate the initial condition
of the alveolar bone using CBCT scans before proceed-
ing with orthodontic treatment. This classification
system could enhance the predictability of alveolar
bone defects following maxillary incisor retraction and
facilitate clinical decision-making.

Several considerations require emphasis during the
application of this classification. The retraction dis-
tance of maxillary incisors was not considered. Hence,
the reported predictability of alveolar bone defects
following maxillary incisor retraction was preliminary.
Additionally, there were no cases of labial bone de-
hiscence or lingual bone fenestrations in this study.
Consequently, these defects could not be analysed. In
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these 250 patients, there were no cases with labially
inclined maxillary incisors relative to the alveolar bone.
Further studies with larger sample sizes are needed to
verify the present results and improve the classifica-
tion. Meanwhile, analysis of the association between
the classification system and other factors, such as age
and sex, will also be performed in further studies.

Conclusion

A new classification of alveolar bone morphology
around maxillary incisors for patients with maxillary
protrusion was proposed in this study. A1 was the most
frequently observed type, with Al and B1 being com-
mon in maxillary central incisors, and A2 being more
common in maxillary lateral incisors. The alveolar type
surrounding the maxillary incisors was significantly as-
sociated with the skeletal patterns. Type A was the main
alveolar type in high angle patients, whereas type B was
more common in average and low angle patients. Skel-
etal Class Il patients had a higher proportion of subtype
2 compared to skeletal Class | patients. Pre-treatment al-
veolar type was significantly associated with the occur-
rence of alveolar bone defects after treatment. Maxillary
incisors with type A bone, particularly lateral incisors
with type A2 bone, had a higher risk of lingual dehis-
cence following retraction.
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