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ABSTRACT

Background: The fundamental concept of tooth movement during orthodontic treatment is the occurrence of bone remodelling
accompanied by tooth movement in equal proportions. The thickness of the alveolar bone, which supports incisors, is important in
estimating the direction of tooth movement. Purpose: The study aimed to measure labial and palatal alveolar bone thickness changes
after maxillary incisor retraction using lateral cephalograms. Methods: Cephalograms of 40 patients (18.58 + 4.2 years) with skeletal
Class I bimaxillary protrusion after maxillary first premolar extraction for insisivus retraction had been taken before (T0) and after
(T1) orthodontic treatment. Changes in alveolar bone thickness were measured in linear and angular directions and then analysed
with Spearman correlative analysis. Then the samples were separated into two groups based on the type of tooth movement (tipping
and torque), and then the data were analysed using Wilcoxon analysis to see differences in the bone thickness (p<0.05). Results: There
was a significant difference in the apical palate (p<0.05) and a relationship between retraction and alveolar bone thickness in the mid-
root area. In the angular direction, there was no significant difference and relationship; however, there was a significant difference in
the labial crestal in the tipping group. In the torque group, the difference in bone thickness occurred in the crestal and apical palatal

areas. Conclusion: The retraction and the type of tooth movement difference influence the alveolar bone thickness.
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INTRODUCTION

The reaction of periodontal tissue to orthodontic tooth
movement is influenced by several factors: bone thickness,
root height and morphology, bone dimensions, tooth
angulation, and tooth position. Orthodontic treatment not
only produces an esthetic facial and dental profile but
also carries the risk of complications in the periodontal.
The incisors may move labio-lingually/palatally due to
compensatory or decompensated dental forces during
orthodontic treatment. The thickness of the alveolar bone
which supports the incisors is an important consideration
in estimating the direction of tooth movement. '~
Several previous studies stated alveolar bone loss
was more common in extraction cases.’™ Sarikaya et al.?
investigated changes in alveolar bone thickness in retracted
anterior teeth. On the labial side, there was no significant
change in bone thickness, while on the palatal side, there

was a reduction in bone thickness at the boundary between
the CEJ to the middle of the tooth root.>

Yodthong et al.® investigated the factors influencing
alveolar bone thickness in the maxillary incisor retraction.
After retraction, the thickness of the labial and apical bones
showed a critical increment of remodelling. The massive
contrast in the tipping group was in the crestal labial and
apical palatal; the torque group obtained the same results.
The outcomes confirmed the thickness of the alveolar in the
incisors during retraction could be influenced by various
tipping and torque movement of the teeth and the intrusion
or extrusion of the teeth.’?

Nayak et al.” investigated the thickness of the alveolar
bone during anterior tooth retraction with premolar
extraction for the presence of dehiscence and fenestration.
There was no significant remodelling in the maxillary
incisor labial area, while significant changes in the palatal
area occurred in the crestal and apical regions.’
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Several methods are used to detect bone thickness.
Using three-dimensional CT is more accurate in measuring
levels of bone thickness. However, two-dimensional
radiography is more practical and is most often used in daily
practice with lower radiation levels despite some drawbacks
such as superimposition or distortion.'®!! The objectives
of this research were: 1. to assess changes of alveolar bone
in linear and angular direction after maxillary incisors
retraction; 2. to determine the correlation between alveolar
bone thickness and the average of retraction on maxillary
incisors; 3. to determine the differences in changes of bone
thickness based on the type of tooth movement after the
retraction of maxillary incisors.

MATERIAL AND METHODS

This cross-sectional review was supported by the ethical
committee of Universitas Sumatera Utara number 10/
KEP/USU/2022. Lateral cephalograms were obtained
from the patient’s records in the Orthodontics Department,
Faculty of Dentistry, Universitas Sumatera Utara, Medan,
Indonesia.

The 40 subjects (21 females and 19 males) were
selected based on the inclusion criteria. Subjects aged
>18-40 years with skeletal Class I bimaxillary protrusion
(ANB =2° + 2; mean age = 18.58 + 4.2 years; treatment
period = 28.81 + 5.77 months; ANB = 2.23 + 1.03°),
medical records, and cephalograms before and after
treatment were complete. Excluded patients included
those with a crowding discrepancy over 3 mm, those under
the influence of non-steroidal, anti-inflammatory and
metabolic drugs before or during orthodontic treatment,
and those with periodontal or gingival disease. After the
extraction of two maxillary premolars, patients were
treated with the edgewise technique using closed helical
loops for anterior retraction. Cephalogram measurements

/

Figure 1. Landmarks of reference lines point to a measured

amount of retraction.
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were performed on three labial and palatal areas. ‘A single
examiner re-examined cephalogram measurements at
four weeks.

Image data of lateral cephalograms were taken at the
pretreatment (T,), and posttreatment (T,) were imported
into ImageJ Software 1.52a (2018) for analysis (Figure
1). The measurement variables used in this study were
adjusted from a previous review.>> First, the amount of
incisor retraction pre-and posttreatment was calculated
by the distance tip of the central maxillary incisor (U1) to
the N-perpendicular line (mm) of the Frankfurt horizontal
plane (Figure 2). Second, the linear measurements were
taken on the crestal (3 mm), mid-root (6 mm), and apical
(9 mm) from CEJ to apex labial and palatal maxillary
incisor. They were categorised as labial pretreatment (L1a,
L2a, L3a), labial posttreatment (L1b, L2b, L3b), palatal
pretreatment (Pla, P2a, P3a), and palatal posttreatment
(P1b, P2b, P3b). For accuracy, the distance was measured
using Image] software by triple magnification (Figure 3).
Third, the angular measurements used the point between a.
Ul- the superficial labial line of maxillary central incisor
and alveolar bone; b. Ul- the palatal superficial line of
maxillary central incisor and alveolar bone (Figure 4).

A paired hypothesis test formula separated the samples
into two groups (tipping and torque), including the 20
samples in each group. Referring to the previous study,? in
the tipping group, the apex of the maxillary incisor moved
anteriorly. In contrast, in the torque group, the apex of the
maxillary incisor moved posteriorly in a superimposed
pre-and posttreatment position.

The data will be analysed using the Shapiro Wilk test
to see its normality. The Wilcoxon test used comparative
analysis to examine differences in bone thickness pre-
and post-treatment. Spearman’s correlative analysis was
used to investigate the relationship of the alveolar bone
remodelling with other related variables. Statistical analysis
was conducted using SPSS Version 26 (IBM, USA).
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Figure 2. Lateral cephalogram analysed

software.
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Figure 4. The angle between a) U1 (maxillary central incisor)
— superficial labial line of maxillary central incisor
and alveolar bone; b. U1 — palatal superficial line of

maxillary central incisor and alveolar bone.

Figure 3. Measurement of alveolar bone thickness at 3 mm
intervals from the cementoenamel junction.

Table 1. Comparative analysis of labial and palatal alveolar bone in a linear direction (mm) pre-and post-treatment (paired t-test)
. Pretreatment T, (N=40 Posttreatment T,(N=40

Variable meaniS(]))( ) meaniSlS( ) Mean change (9) p

LI Lla 1.352 £ 0.392 LIb 1.477 £ 0.459 dL1 0.125 £ 0.070 0.591
L2 L2a 1.283 £ 0.436 L2b 1.327 £ 0.555 oL2 0.044 +=0.119 0.681
L3 L3a 1.506 + 0.646 L3b 1.477 + 0.885 oL3 -0.029 = 0.239 0.681
Pl Pla 2.572 +£0.864 P1b 2.492 +0.665 oP1 -0.008 = 0.199 0.621
P2 P2a 3.446 = 1.012 P2b 3.578 £ 0.934 oP2 0.123 £ 0.078 0.480
P3 P3a 4434 £1.145 P3b 4.963 +1.391 oP3 0.529 + 0.246 0.032*

*Wilcoxon; p<0.05; (-) in terms of reduced alveolar bone

Table 2. Comparative analysis of labial and palatal alveolar bone in angular direction (mm) pre-and post-treatment (paired t-test)
. Pretreatment T((N=40) Posttreatment T (N=40)
Variable mean+SD mean+SD Mean change (9) p
Lab (9 OLa 9.304 + 3.882 OLb 11.362 + 6.118 6L 2.058 +2.336 0.081
Pal (%) 0Pa 28.939 + 7.606 0Lb 28.563 + 3.901 d6P 4.806 + 0.253 0.882
*Wilcoxon; p<0.05
Table 3. Correlation analysis of the changes in maxillary alveolar bone and average retraction
Variable N - Average of retraction (mm) D
L1 0.222 0.168
L2 0.394 0.012*
L3 0.284 0.075
Labial (°) 40 0.044 0.786
P1 0.167 0.303
P2 -0.050 0.761
P3 -0.153 0.345
Palatal (°) -0.213 0.188

*Spearman; p<0.05

Table 4. Comparative analysis of the changes in maxillary alveolar bone in a linear direction (mm) pre-and post-treatment (paired
t-test)

Variable Tipping (N = 20) (3) mean +SD p Torque (N = 20) (8) mean =SD p

L1 0.082 +0.521 0.023* 0.021 £ 0.535 0.717
L2 -0.469 = 0.566 0.715 -0.042 = 0.799 0.984
L3 -0.281 +0.996 0.235 1.500 + 0.506 0.194
P1 -0.461 + 1.031 0.600 -0.295 +0.950 0.021*
P2 0.103 + 1.163 0.696 0.367 = 1.157 0.208
P3 0.545 + 1.510 0.123 0.512 + 1.527 0.045*

*Wilcoxon; p<0.05; (-) in terms of reduced alveolar bone
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RESULTS

The average retraction pre-and post-treatment was 4.806
+ 0.253 mm. Table 1 showed statistically significant
differences in alveolar bone thickness in a linear direction
at the P3 position pre-and post-treatment. The lowest mean
labial alveolar bone thickness was found at L.2a (1.283 =
0.436 mm) and P1b palate (2.492 + 0.665 mm), while the
highest mean labial and palatal alveolar bone thickness were
found at L3a (1.506 + 0.646 mm) and P3b (4.956 + 1.391
mm). The changes in the thickness of the labial and palatal
alveolar bones in a linear direction were lowest at positions
L3 (0.029 + 0.246 mm) and P1 (0.008 £ 0.199 mm), while
the greatest thickness changes were found at positions L1
(0.125 £ 0.070 mm) and P3 (0.529 mm). + 0.246 mm).
Table 2 shows the differences in the thickness of the labial
and palatal alveolar bones in the angular direction. There
was no significant difference in the retraction of maxillary
incisors teeth pre-and post-treatment on the thickness of the
labial and palatal alveolar bone in the angular direction. The
average increase in the alveolar bone’s thickness occurred
in the labial area at 2.058 + 2.336, while the decrease in
the alveolar bone’s thickness occurred on the palate, which
was 4.806 + 0.253.

Table 3 shows a correlation between the thickness of
the alveolar bone in a linear direction at the L2 position.
However, no correlation was found between the alveolar
bone’s thickness and the magnitude of retraction in an
angular direction. Table 4 shows the results of statistical
calculations in the tipping and torque group. There was a
reduction in alveolar bone thickness, the lowest was at L3
(-0.281 = 0.996 mm), and the highest was at L2 (-0.469
+ 0.566 mm). The highest increase in bone thickness was
at the P3 level (0.545 + 1.510 mm) and the lowest at L1
(0.082 £0.521 mm), while a significant difference in mean
bone thickness was found at L1 (crestal) (p < 0.05) in the
tipping group. As a result of changes in bone thickness in
the torque group, there was a decrease in the average bone
thickness with the lowest L2 (-0.042 = 0.799 mm) and
the highest result in the P1 area (-0.295 = 0.950 mm), the
lowest increase in bone thickness was at L1 (0.021 £ 0.535
mm), and the highest was at L3 (1.500 £ 0.506 mm) and a
significant difference in P1 (crestal) and P3 (apical) bone
thickness pre-and post-treatment (p < 0.05).

DISCUSSION

The occurrence of bone resorption on the stress side
and bone apposition on the strain side is a process in
tooth movement during orthodontic treatment. Tooth
movement is directly proportional to bone remodelling,
but in some studies, this has not been proven, especially
in the retraction of anterior maxillary teeth. Many studies
show the factors affecting the thickness of alveolar bone,
especially those related to anterior tooth retraction.’™
Previous studies have generally described the thickness of

the alveolar bone with varying results.>%!""!7 However,
none of the earlier studies used a sample of a skeletal
Class I malocclusion and a comparison based on the type
of tooth movement tipping and torque — if any. Previous
studies used different techniques and mechanics from this
research and generally used a skeletal Class II sample,
which requires a larger number of retractions,> 611141819
In addition, the mechanics of retraction using closing loops
in the edgewise technique is still common and is often used
for incisor retraction cases. As we have seen, the type of
retraction mechanics and the treatment technique can also
affect the thickness of the alveolar bone. This study can
also increase clinician awareness of the direction of anterior
retraction to reduce the risk of fenestration or dehiscence
in the alveolar bone.!%?*:!

Tables 1 and 2 show the difference and mean alveolar
bone thickness of the maxillary labial and palatal incisors
in linear and angular directions pre-and post-treatment.
The maxillary incisor labial alveolar bone thickness
increased in the crestal and mid-root areas after anterior
retraction, while the apical labial bone thickness decreased.
The maxillary mid-root and apical palatal alveolar bone
thickness increased after anterior retraction, while the
palatal crestal thickness decreased. The tables shows the
results of statistical tests with a significant difference
(p<0.05) at the apical palatal level (9 mm from the CEJ),
namely a decrease in bone thickness of 0.5 mm in the apical
palatal area, while bone thickness in the angular direction
in labial and palatal before and after treatment (8, P<0.05)
were not significantly different. This study’s results agree
with Sarikaya et al.2, who investigated linear changes in
alveolar bone thickness in the maxillary incisors’ crestal,
mid-root, and apical regions. This study was conducted
on 19 patient cases of premolar extraction in bimaxillary
protrusion. After canine distalisation and continued incisor
retraction for three months, the bone thickness significantly
decreased in the mid-root area, and the bone thickness
reduction was also greater in the apical palatal region (9
mm from the CEJ).

The results of this study differ from Aakash et al.'®, who
investigated the effect of retraction on changes in alveolar
bone thickness with sliding mechanics using a mini-implant
in the case of bimaxillary protrusion. The number of
retractions before and after treatment was measured in 15
samples, and the results showed a significant increase in
alveolar bone thickness (p > 0.05) in the maxilla’s crestal
and apical labial areas. Alveolar bone thickness changes
are significantly affected by retraction.'®

The decrease in bone thickness in the palatal crestal area
in this study did not occur in Nayak et al.?, which studied
ten samples with bimaxillary protrusion cases. After three
months of retraction using sliding mechanics, there was a
decrease in bone thickness in the labial crestal area, which
was due to the concentrated force on the alveolar crest.’

A study on changes in palatal bone thickness linearly
and angularly with different results was conducted by Son et
al.’. The study included 33 samples with sliding mechanics
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using mini implants. Linear measurement of palatal alveolar
bone thickness was performed at a distance of 2,4,8,10 mm
from the CEJ boundary, showing a significant reduction
in bone thickness in the entire palatal area of the central
incisor (p<0.001), except at a distance of 10 mm from the
CE]J (apical). The labial side showed a significant difference
from the palatal area in the angular direction, which showed
a close relationship to the inclination of the tooth after
retraction. Differences in alveolar bone thickness pre-and
post-treatment were also significantly correlated with
maxillary incisor retraction. Changes in bone thickness
in the crestal region indicated excessive resorption in the
cervical region of the teeth, but a significant ratio to the
number of retractions in this study was not found.>

Different results in the study by Mao et al.'* showed a
significant increase in the thickness of the labial alveolar
bone (p<0.05) in the mid-root area. Whereas in the palate, it
occurred in the crestal area. The results of this study explain
excessive incisor retraction can increase the thickness of the
alveolar bone in the crestal and mid-root sections. Alveolar
bone thickness can be maintained if the tooth movement
is not too fast, and the force is not excessive. The labial
area has a resorption rate which tends to be lower than the
palatal area, so the tendency for bone prominence in the
labial area can occur more easily.'*

Table 4 shows a significant correlation between
changes in bone thickness and the number of retractions
in the mid-root area (L2 r = 0.394, p = 0.012). This result
differs from the study by Yodthong et al.* and Aakash et
al.?, which showed a significant relationship in the crestal
area. The difference in the results of this study may be due
to the varying magnitude of the incisor retraction force.
Differences in treatment mechanics, changes in inclination,
and intrusion size are also the cause of the incompatibility
of bone remodelling and retraction processes.>'

Changes in alveolar bone thickness in the apical
region were associated with changes in the inclination
and intrusion of the incisors. The inclination position of
the anterior teeth plays a vital role in the function and
stability of the treatment. Based on several previous studies,
orthodontic treatment with extraction has the effect of root
resorption, and bone loss is greater than the case without
extraction.’

Significant changes in bone thickness were found in
the labial crestal area of the tipping group after treatment
(Table 4) (L1 p = 0.023; p<0.05), while in the torque
group, the alveolar bone thickness in the crestal area was
not significantly different. Significant differences in bone
thickness in the torque group occurred in the mid-root
and apical palatal regions (Table 4) (P1 = 0.021 and P3 =
0.045; p<0.05). These results may be due to differences in
the type of movement, the direction of angulation, and the
magnitude of the retraction force applied to the alveolar
bone.?

Alveolar bone loss visible in this study was in the apical
labial and palatal crest regions. This bone loss could be
due to changes in the angulation of tooth movement. The

retraction force applied to the incisors concentrates more
on the alveolar crest, increasing the cervical region’s force.
The significant decrease in bone thickness was due to the
periodontal tissues’ reaction centred in the anterior teeth’
cervical area. Periodontal tissue reaction is also a factor
causing variations in bone reaction to orthodontic forces. It
depends on the width, height and morphology of the roots,
angulation, and position of the teeth, dimensions of the
teeth to the alveolar bone, bone anatomy, physiology and
adaptability of the patient. The average decrease in bone
thickness in the labial aspect in this study was statistically
higher than in the palatal aspect. It could be due to a slower
bone deposition process in the strain area compared to the
stress area’s resorption process. The results of this study are
from research by Sarikaya et al.? and Ahn et al.??

This study concluded a significant difference in the
apical palate (p<0.05) and a relationship between retraction
and alveolar bone thickness in the mid-root area, while in
the angular direction, there was no significant difference
and relationship. There was a significant difference in bone
thickness in the labial crestal on tipping. In the torque group,
the difference in bone thickness occurred in the crestal and
apical palatal areas. The retraction and the type of tooth
movement influence the difference in the thickness of
the alveolar bone. Increased awareness of the direction of
anterior retraction in the tipping type of tooth movement
can reduce the risk of fenestration and dehiscence of the
root tip in a labial direction. In contrast, the type of torque
movement must be aware of the direction of movement of
2/3 of the tooth root against the palatal cortical plate for
treatment stability.
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