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Changes of anterior maxillary alveolar bone thickness following incisor

proclination and extrusion

Udom Thongudomporna; Chairat Charoemratroteb; Sarayut Jearapongpakornc

ABSTRACT
Objective: To investigate changes in maxillary alveolar bone thickness after maxillary incisor
proclination and extrusion during anterior crossbite correction in a group of growing patients with
Class III malocclusion.
Materials and Methods: Maxillary incisors of 15 growing patients with anterior crossbite were
proclined and extruded with 0.0160 beta-titanium advancing loops and Class III elastics. Lateral
cephalograms were recorded before advancement (T0) and 4 months after a normal overjet and
overbite were achieved (T1). Changes in alveolar bone thickness surrounding the maxillary incisors
at the crestal (S1), midroot (S2), and apical (S3) levels were measured using cone-beam computed
tomography (CBCT). Paired t-tests were used to determine the significance of the changes. A
Spearman rank correlation analysis was performed to explore the relationship between thickness
changes and the rate and amount of incisor movements.
Results: Although statistically significant decreases were observed in palatal and total bone
thickness at the S2 and S3 level (P , .05), the amounts of these changes were clinically
insignificant, ranging from 0.34 to 0.59 mm. Changes in labial bone thickness at all levels were not
significant. Changes in palatal bone thickness at S3 were negatively correlated with changes in
incisor inclination. (r 5 20.71; P , .05).
Conclusion: In a group of growing patients with Class III malocclusion undergoing anterior
crossbite correction, controlled tipping mechanics accompanied by extrusive force may produce
successful tooth movement with minimal iatrogenic detriment to the alveolar bone. (Angle Orthod.
2015;85:549–554.)
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INTRODUCTION

Patients exhibiting an anterior crossbite can be
successfully treated by a maxillary archwire with
advancing loops on a partially fixed appliance.1–3 The

anterior part of the archwire tips the maxillary incisors
forward, resulting in correction of the anterior crossbite.
Nevertheless, a loss of maxillary labial alveolar bone is
a common complication with incisor proclination.4,5

The use of forces exceeding the optimal level has
been suggested to cause loss of the labial alveolar
crest and labial gingival recession.6,7 Although approx-
imately 200 g has been suggested as the horizontal
force required for proclination of the four maxillary
incisors,8 consensus has not yet been reached on the
optimal magnitude of the force required.9,10 Recent
studies have reported the possibility that teeth may be
moved using light forces. Iwasaki et al.11 demonstrated
movement of the maxillary canines with forces as light
as 18 g. Similarly, Yee et al.12 measured the rate and
amount of maxillary canine movement induced by
heavy (300 g) and light (50 g) continuous forces; they
reported that light forces provided a greater percent-
age of canine retraction than heavy forces and caused
less strain on the anchorage. They suggested that
application of light forces to an individual tooth may
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influence not only the adjacent alveolar bone, but also
the neighboring cortical bone of the loaded area
resulting in displacement of both tooth and alveolar
bone. This principle may be applied to any direction of
orthodontic tooth movement. We hypothesized that the
alveolar bone thickness around the teeth would be
unharmed by the use of light forces to move the
maxillary incisors forward.

Yodthong et al.13 studied changes in alveolar
bone thickness during maxillary incisor retraction with
various mechanics and archwires. They reported that
the rate of retraction, change of inclination, and extent
of intrusion were positively related to the increase of
labial and total alveolar bone thickness of the incisors.
It would be interesting to investigate whether such
relationships exist when the maxillary incisors are
proclined with light forces. Our hypothesis was that
when light forces are used to procline maxillary
incisors, changes in alveolar thickness are not related
to the rate or amount of tooth movement or to changes
in inclination.

With the introduction of cone-beam computed
tomography (CBCT), the true three-dimensional anat-
omy of the bone can be visualized and measured. It
has been shown that CBCT can be used to quantify
buccal bone height and thickness with high precision
and accuracy.14 The purposes of this study were
therefore to use CBCT to quantify maxillary anterior
alveolar bone thickness changes after maxillary incisor
proclination and extrusion with light forces in a group of
growing patients and to determine the factors related
to changes in alveolar bone thickness during incisor
proclination.

MATERIALS AND METHODS

Subjects

This prospective study was approved by the Ethics
Committee, Faculty of Dentistry, Prince of Songkla
University. Sample-size calculation was based on the
significant results from a similar study by Sarikaya
et al.,15 who studied anterior tooth retraction (the
difference of means 5 0.78, and the difference of the
standard deviations 5 0.72). According to the table of
sample-size determination for paired t-test,16 with the
established significance level and power of the test set
at 0.05 and 80% respectively, the sample size would
be 11. The following criteria were used for patients:
anterior crossbite in maximum intercuspation occlu-
sion, mild skeletal Class III (22u , ANB , 1u) with a
hypodivergent or normodivergent growth pattern (SN-
MP , 350), growth status at the prepubertal stage
according to the hand and wrist maturation method
(PP2–MP3cap),17 good general and oral health, no use
of anti-inflammatory drugs for at least 6 months before

or during the study, and no history of trauma to the
maxillary anterior teeth. Before participating in the
study, the parents of all subjects provided written
informed consent after receiving a written explanation
of the aim of the study.

Treatment Protocol

Fixed appliances were bonded to the molars and
incisors (2 3 4 design, Roth System-Slot 0.0220;
Ormco Corporation, Glendora, Calif) of both arches.
The mandibular incisors were leveled and aligned until
a 0.0210 3 0.0250 stainless steel passive utility
archwire could be placed. Subjects were excluded if
anterior crossbite was spontaneously corrected at this
stage. Light-cured compomer was placed on the
occlusal surface of the mandibular first molars to
eliminate occlusal interference. The maxillary incisors
were then leveled and aligned until a 0.0210 3 0.0250

stainless steel sectional wire was passively fitted and
overlaid with a 0.0160 titanium-molybdenum archwire
(Ormco Corporation) with advancing loops pushing
against the buccal tubes of the first molars. Each loop
was 5 mm high and 3 mm wide (Figure 1).

Extrusive force was applied to the incisors by having
the patients wear bilateral Class III elastics (5/160 2 oz,
Ormco Corporation). These extended from hooks in
the maxillary archwire in the primary first molar or first
premolar area to the mandibular lateral incisors.
Patients were asked to wear the elastics full-time,
except when brushing teeth or eating.

The advancing loops were activated 1 mm every
4 weeks until a 2-mm overjet was achieved. The
compomer was then gradually reduced until the
posterior teeth were well occluded and a normal
overbite was achieved. A passive titanium-molybde-
num archwire with stops was placed to maintain the
achieved dental position. The advancing loops activa-

Figure 1. Clinical setup with light force generated by the maxillary

archwire with advancing loops and Class III elastics.
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tion in combination with the Class III elastics resulted
in forces averaging 89.6 6 11.8 g anteriorly and
42.269.4 g extrusively. Averaged over the four
incisors, each tooth was moved with a force of
approximately 22.5 g anteriorly and 10.5 g vertically.
These forces are 30% to 40% less than the previously
recommended minimum forces for tipping (35 g) and
extrusion (15 g) of an individual tooth.18,19

Lateral Cephalogram Analysis

Lateral cephalograms were taken when the maxil-
lary incisors were well aligned and ready to be
proclined (T0) and 4 months after achieving normal
overjet and overbite (T1), when completion of the bone
remodeling process was expected.20 The analysis was
based on the method proposed by Pancherz.21 The
horizontal reference plane was established from the
sella with a 6u downward inclination to the sella-nasion
(S-N) line. The vertical reference plane was perpen-
dicular to the horizontal reference plane at the sella
(Figure 2). The perpendicular distances from the
following seven points were measured to both refer-
ence planes: anterior nasal spine (ANS), A-point,
incisal edge of the maxillary incisor (M3I), and B-
point. The ANB angle, the palatal plane (PP) to the SN
plane, and the maxillary incisor inclination to the PP

were also measured (Figure 3).The changes of max-
illary incisor positions in the horizontal and vertical
planes were used to calculate for the rates of maxillary
incisor proclination and extrusion.

CBCT Analysis

Changes in the maxillary anterior alveolar bone were
evaluated using computed tomography scans (80 kV,
5 mA, 7.5 second exposure time, 0.125 mm voxel
resolution, and 80 3 40 mm field of view; Veraviewe-
pocs J Morita MPG, Kyoto, Japan). The CBCT data
were reconstructed at 0.125-mm increments. The
Digital Imaging and Communications in Medicine
(DICOM) images were assessed as described by
Sarikaya et al.15 The thickness of the labial and palatal
alveolar plates of each tooth were determined at the
site adjacent to the widest point of the labiopalatal root,
in three slices separated by 3 mm (S1, S2, and S3,
respectively; Figure 4); these levels were specified
along the long axis of the tooth and located every 3 mm
above the cementoenamel junction (CEJ) level. Labial,
palatal, and total alveolar bone thickness were
assessed at the crestal level (S1; L1, P1, and T1),
midroot level (S2; L2, P2, and T2) and apical level (S3;
L3, P3, and T3) at T0 and T1. The alveolar thickness of

Figure 2. Cephalometric reference planes and points used in

this study.

Figure 3. Cephalometric reference points and lines used in

this study.
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each side and level of the four incisors were then
averaged to represent mean thickness of the particular
side and level.

The method of alveolar thickness measurement
perpendicular to the tooth axis cannot detect thickness
changes at the same point because as the tooth axis
changes, the measured points on the bone change as
well. However, the advantage of this method is that it
observes alveolar thickness relative to the root, which
is of clinical concern.

Statistical Analysis

Shapiro-Wilk tests demonstrated that all of the
tested parameters were normally distributed. Hence,
paired t-tests were used to evaluate the changes
between T0 and T1. A Spearman rank correlation
analysis was used to analyze the relationship between
amount and rate of dental movement and changes of
alveolar bone thickness. The significance level of all
tests was established at .05.

The CBCT and cephalometric measurement error
for two sets of measurements for each data point taken
4 weeks apart by the same investigator was assessed

using the Dahlberg formula.22 The error for each
parameter measured was less than 0.05. Paired t-
tests showed no significant differences (P . .05)
between the two sets of measurements. The intraclass
correlation coefficients for all measurements were
higher than 0.9, indicating that the measured data
were sufficiently reliable.

RESULTS

Fifteen patients (11 girls and 4 boys; mean age, 9.9
6 1.0 years) were involved in the study. As skeletal
growth does not vary by sex during the prepubertal
stage,23 the data from all subjects were pooled for
statistical analysis. The average treatment duration
was 10.6 6 0.5 months. Of this time, 5.6 6 1.7 months
were spent on aligning and leveling, and 5.06

3.6 months on incisor proclination.
Table 1 shows the mean values and differences in

cephalometric measurements at T0 and T1. Dentally,
forward movement, labial tipping, and extrusion of the
maxillary incisors were significant (DMxI-VP 5 4.8 6

1.8 mm; DMxI axis-PP 5 6.6u 63.0u; P , .001; DMxI-
HP 5 1.9 6 2.1 mm; P 5 .001). Skeletally, the ANB
angle improved by 1.861.0u (P 5 .001) due to
significant forward movement of the A-point (DA-VP
5 2.3 6 1.4 mm; P , .001). The maxillary incisors
were proclined and extruded at the rate of 0.860.3 mm/
month and 0.2 6 0.3 mm/month respectively.

The changes in alveolar bone thickness between T0

and T1 are shown in Table 2. After the proclination and
extrusion of maxillary incisors, the alveolar bone
thickness at the P2, P3, T2, and T3 areas significantly
decreased (P , .05). None of the labial alveolar
thickness parameters (L1, L2, L3) changed significant-
ly. Correlation coefficients (r) between significant

Figure 4. Location of alveolar bone thickness measurements.

Table 1. Mean Cephalometric Values and Differences Before (T0) and 4 Months After (T1) Incisor Advancement

Variable

T0 T1 T1-T0

Mean SD Mean SD Mean SD p-value

Horizontal measurements

A-B hor. 20.7 5.0 0.9 4.2 1.9 2.3 .031*

ANS–VP 68.4 5.5 70.4 5.6 2.0 1.2 , .001*

A-VP 64.8 5.8 67.0 6.1 2.3 1.4 , .001*

MxI–VP 67.4 7.8 72.5 8.5 4.8 1.8 , .001*

Vertical measurements

A-B vert. 36.9 3.1 38.4 4.5 1.3 2.4 .053

ANS-HP 43.5 3.0 45.0 3.3 1.8 1.7 .012*

A-HP 47.5 3.4 49.5 3.3 2.5 1.6 .001*

MxI–HP 67.8 4.5 69.5 4.4 1.9 2.1 .001*

Angular measurements

ANB 21.2 2.3 0.5 1.6 1.8 1.0 .001*

MxI axis-PP 117.6 7.7 124.4 7.3 6.6 3.0 , .001*

SN-PP 9.9 2.9 10.1 3.4 0.3 2.0 .690

* Significant at p , 0.05; SD 5 standard deviation; hor. 5 horizontal; vert. 5 vertical; VP 5 Vertical Reference Plane; HP 5 Horizontal

Reference Plane.
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alveolar thickness changes and dental changes are
presented in Table 3. Change in alveolar thickness at
P3 was significantly and negatively correlated with
MxI-PP (r 5 20.71; P 5 .03). Neither the rate nor the
amount of incisor movement was significantly related
to alveolar thickness changes.

DISCUSSION

The present investigation shows that alveolar bone
remodeling may not be consistent with tooth movement.
The finding is in agreement with that of previous
studies using CBCT to measure bone thickness
changes.13,15,24,25 However, although all of those studies,
assumed to use optimal force levels, found significant
decrease of bone thickness in the direction of tooth
movement, our study revealed that as the incisors were
moved forward with light forces, the labial alveolar
thickness on all levels (L1, L2, L3) remained unchanged.

Alveolar bone may respond to different force
magnitudes differently. It has been postulated that
light orthodontic forces promote better cellular activity
in the surrounding tissues than heavy forces, which
subsequently not only improves the frontal resorp-
tion process26 but also promotes bone apposition.27

Successful canine movement across a bone-deficient
alveolar ridge using light force with subsequent bony
apposition to the defect area has been reported.27

Additionally, the ability to maintain labial alveolar
bone thickness may be explained by the fact that
growing children have a higher bone turnover rate than
adults.28 Rapid bone remodeling in children may
overtake the bone resorption and apposition process-
es due to orthodontic tooth movement, and thus
maintain the labial alveolar bone thickness.

With light extrusion forces, alveolar bone thickness-
es in the crestal level (L1, P1, T1) were maintained.
This is consistent with a previous study that showed
additional crestal alveolar bone increases in both the
vertical and buccolingual dimensions as a result of
light-force extrusion.19 However, such favorable bony
reactions did not occur in the midroot and apical levels.
During extrusion, the tooth entered the narrower part
of the alveolar bone housing. If the bone remodeling
process could not keep up with the rate of tooth
movement, a decrease in total alveolar bone thickness
would be observed.

Bony responses to light forces on the labial and
palatal sides may be different as we found inconsistent
bone thickness changes on the labial and palatal
sides. Also, the more the incisors were tipped labially,
the more the bone thickness at the apico-palatal area
decreased. Research on the effect of different degrees
of tip and torque movements with light force may lead
to a better understanding of how alveolar bone reacts
to light forces in different areas.

In terms of clinical application, we advocate the
application of light orthodontic forces to procline and
extrude maxillary incisors in children with anterior cross-
bite. The ability to preserve labial bone thickness indicates
that light forces allow orthodontists to move the maxillary
incisors labially and vertically with less harm to the alveolar
bone. The decrease in palatal bone thickness of
approximately 0.5 mm, although statistically significant,
may be considered of no clinical consequence.

Apart from the small sample size, some limitations of
this study must be considered. First, because of ethical
considerations, patients with Class III malocclusion and

Table 2. Comparison of Means and Standard Deviations (SDS) of

Alveolar Thickness for Maxillary Incisors Before (T0) and 4 Months

After (T1) Incisor Advancementa

Alveolar

Thickness

T0 T1 T1–T0

Mean SD Mean SD Mean SD P Value

Labial L1 0.69 0.35 0.58 0.22 20.12 0.18 .09

L2 1.03 0.77 0.84 0.54 20.18 0.31 .21

L3 2.11 1.60 2.09 1.24 20.01 0.63 .95

Palatal P1 1.35 0.40 1.21 0.35 20.13 0.24 .17

P2 2.60 0.62 2.25 0.73 20.34 0.30 .01*

P3 4.03 1.09 3.45 1.08 20.59 0.48 .02*

Total T1 7.80 0.80 7.56 0.69 20.23 0.31 .09

T2 8.52 1.41 8.14 1.29 20.38 0.21 .01*

T3 9.92 2.48 9.36 2.21 20.56 0.43 .01*

a L1, L2, and L3 indicate labial alveolar thickness; P1, P2, and P3,

palatal alveolar thickness; T1, T2, and T3, total alveolar thickness at

the crestal, midroot, and apical levels, respectively.

* Significant at P , .05.

Table 3. Spearman Rank Correlation Coefficients and P Values Between Alveolar Thickness Changes and Dental Changesa

Dental Changes

Alveolar Thickness Changes

P2 P3 T2 T3

MxI-VP 0.61 (0.08) 0.48 (0.19) 20.23 (0.53) 20.31 (0.41)

MxI-HP 0.03 (0.92) 20.02 (0.95) 20.43 (0.24) 20.56 (0.11)

MxI-PP 20.04 (0.91) 20.71 (0.03)* 0.53 (0.15) 0.05 (0.89)

Rate of MxI proclination 20.15 (0.77) 20.33 (0.51) 20.21 (0.69) 0.03 (0.95)

Rate of MxI extrusion 20.06 (0.91) 0.02 (0.95) 0.38 (0.46) 0.35 (0.48)

a P2 and P3 indicates palatal alveolar thickness; T2 and T3, total alveolar thickness at the midroot and apical levels, respectively; VP, vertical

reference plane; HP, horizontal reference plane.

* Significant at P , .05.
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anterior crossbite should be treated immediately. As a
consequence, we were unable to collect data from
untreated control subjects to distinguish the changes
due to mechanics from the effects of growth. Second,
the study was cross-sectional, whereas bone remod-
eling takes place continuously. Therefore, dynamic
changes were not observed. Third, CBCT was
performed after the completion of leveling and aligning,
so information on the initial bone changes is lacking.
The results must be interpreted with caution. Last,
long-term changes in bone thickness after orthodontic
treatment were not evaluated. A longitudinal observa-
tional study beyond treatment completion may provide
further insight into the long-term alveolar bone remod-
eling process.

CONCLUSIONS

With the use of light forces to procline and extrude
maxillary incisors

N The palatal and total alveolar bone thickness at the
midroot and apical levels decreased, but these
changes could be considered clinically insignificant.

N The change in apico-palatal alveolar bone thickness
was negatively related to changes in incisor inclination.
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