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Abstract

Background: Patients who received orthodontic treatment are likely to have apical root shortening. It appears that
external apical root resorption results from a combination of patient-related risk factors such as genetic influences,
systemic factors, and orthodontic treatment-related factors. Regarding the fact that the anterior segmental
osteotomy (ASO) has been known for its possibility of complementing external apical root resorption and of
buffering periodontal problems, it has been the preferred treatment. However, the studies on the efficacy of ASO in
preserving the root are not sufficient. In this study, we compared the amount of root resorption between the
patients who only received orthodontic treatment and the patients who received orthodontic treatment with ASO.

Methods: This study included 28 patients (the number of incisor = 198) who received orthodontic treatment with
or without ASO. We categorize them into groups A and B by the type of orthodontic treatment (group A:
conventional orthodontic treatment; group B: orthodontic treatment with ASO). Cone-beam computed
tomographic and cephalometric evaluations were retrospectively performed on the radiographs taken for the
diagnosis of the treatment before treatment and at the end of active treatment.

Results: In group B, root resorption itself and its rate both turned out to have significantly lower than those in
group A. Also, the change of incisal angle is significantly smaller in group B than in group A. On the other hand, in
group A, the change of incisal angle was positively correlated with the change of AP (anteroposterior) position. In
group B, the change of incisal angle was negatively correlated with the duration of the orthodontic treatment. In
group B, amount of root resorption (mm) was positively correlated with the duration of the orthodontic treatment.

Conclusions: The results show lesser root resorption and shorter treatment duration with ASO than with
conventional orthodontic treatment. Therefore, if the indications are accurately determined, ASO can be an effective
treatment option when the amount of root resorption is expected to be high, especially in late adults.
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Background

Anterior retraction is required for the improvement of
facial forms in patients with bimaxillary protrusion or
maxillary or mandibular protrusion, where the mouth is
protruded due to skeletal or dental problems. When the
deformities in these patients are corrected through
orthodontic treatment, the treatment steps generally in-
clude retraction of the anterior teeth using the space
created by extraction of the maxillary first premolars.
However, this treatment can cause adverse effects such
as limited improvements in the facial form, root resorp-
tion, severe retroclination of the anterior teeth, cleavage
or perforation of the labial bone, insufficient retraction
due to the lack of an anchoring force, and unnecessary
downward shifts of the maxillary anterior teeth [1, 2].

In particular, adult patients exhibit limited physio-
logical tooth movement because of the decrease in blood
supply with age; therefore, long-term treatments are
relatively more difficult [3]. This may be accompanied
by poor periodontal health and social factors such as es-
thetics. Therefore, the demand for shorter treatment
duration is increasing [4].

To overcome these limitations, space closure through
anterior segmental osteotomy (ASO) after extraction of
the premolar tooth is considered a desirable treatment
option. Since the introduction of ASO by Cohn-stock in
1921 [5], it has been modified and developed by Wass-
mund [6], Cupar [7], Schuchardt [8], Wunderer [9], Bell
and Condit [10], and Park and Hwang [11].

ASO results in an immediate improvement in the
facial form, effectively eliminates excessive gingival
visibility while smiling or the so-called “gummy
smile,” and prevents the downward shift of the anter-
ior teeth, which can occur during tooth retraction. In
addition, it is feasible for patients with thin surround-
ing alveolar bone or thin tooth roots, in whom a
rapid orthodontic force can cause root resorption and
bone perforation or cleavage [12].

The rate of root resorption in patients who undergo
ASO is speculated to be lower than that in patients
who undergo orthodontic treatment only, although
there are no direct studies on this topic. Thereby, in
the present study, we compared root resorption be-
tween patients treated by conventional orthodontic
treatment and those treated by ASO with orthodontic
treatment.
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Methods

Subjects

This study was performed from 2007 to 2013. We used
198 incisors who had undergone orthodontic treatment
with or without orthognathic surgery after diagnosis
with skeletal bimaxillary protrusion or maxillary or man-
dibular protrusion at the Department of Oral and Max-
illofacial Surgery of Kyung Hee University Dental
Hospital. The patients consisted of 5 males and 23
females, and their ages ranged from 19 to 29 years old at
the time of the surgery (mean age of 22.2). They were di-
vided into two groups (Table 1). All the patients have
crowding and spacing of the dentition (<3 mm) with
Angle classification I and II. We exclude patients with
severe facial asymmetry or temporo-mandibular
disorder. Written consents were obtained from the
subjects, and the study was conducted according to the
Declaration of Helsinki. Appropriate institutional review
boards approved the study protocol (document ver.
KHD IRB 1311-2).

Group A (14 subjects): interdental space closure using
traditional orthodontic treatment after maxillary first
premolar extractions.

Group B (14 subjects): interdental space closure using
anterior segmental osteotomy with maxillary first pre-
molar extractions.

Cone-beam computed tomographic and cephalometric
analysis

Cone-beam computed tomographic and cephalometric
evaluations were retrospectively performed for the diag-
nosis of the treatment before treatment (T0) and at the
end of active treatment (T1). The tooth lengths were
assessed with cone-beam computed tomography (CBCT)
in panoramic mode (Fig. 1.). An alphard-Vega 3030
Dental CT system (Asahi Roentgen Ind. Co., Ltd., Kyoto,
Japan) was used in this study for CBCT scan. The sub-
jects’ head was positioned and placed in a head holding
device to ensure the FH plane was parallel to the floor.
Scan conditions included a tube voltage of 80 kVp, tube
current of 5 mA, and exposure time of 17 s. Lateral
cephalography was performed for the assessment of
anteroposterior position and incisal angle, with the
orbital-auricular plane (F-H plane) parallel to the floor
and the subject in the upright position at a 165-cm focal
film distance and a 15-cm film distance from the sagittal

Table 1 Comparison of tooth length changes between pre-treatment and post-treatment in each group

TO T TO-T1 differences Range (95% confidence interval) P value
Mean + SD Mean + SD Mean + SD Min Max
Group A 2607 £ 1.71 2446 £ 152 161 £045 1.35 1.86 .000**
Group B 25.07 £ 226 2411 £ 212 0.96 + 0.66 0.58 1.35 .000%*

** P <0.01
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Fig. 1 Measurement of tooth length on CBCT image of group A on
T0 (@) and T1 (b) and group B on TO (c) and T1 (d)

plane using the CX 90SP (Asahi, Tokyo, Japan; <70 kVp,
100 mA).

Cephalometric landmarks and measurements are
shown in Fig. 2 and corresponding measurements de-
tailed in Table 2. Cephalometric analysis was traced by
single examiner using V-ceph program Version 4.0
(CYBERMED Inc., Seoul, Korea).
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Fig. 2 Landmarks: S: sella, N: nasion, U: upper incisor tip, L: lower
incisor tip, VRL, HRL, incisor angle, AP position. Horizontal reference
line (HRL): a line drawn 7° clockwise from the sella-nasion line with
sella as the center. Vertical reference line (VRL): a line perpendicular
to the HRL through the sella. Tooth length: distance from upper or
lower incisor tip to apex. Incisal angle: an angle between U1 or L1
line (line through with tip and apex of central upper incisor) with
HRL. AP position: distance from upper or lower incisor tip to VRL

Page 3 of 6

Table 2 Comparison of the change between two groups

Mean (A = TO-T1) Group A Group B P value
Mean = SD Mean = SD

ARoot resorption (mm) 161 +045 093 + 062 006%*

ARoot resorption (%) 6.13 £ 153 3.66 + 2.39 008**

AAngle () 11.93 + 648 718 +533 044

AAP position (mm) 743 +193 7.57 £ 239 863

ADuration (months) 2820 + 4.68 22.05 + 599 005%*

*P < 0.05, **P < 0.01

Statistical analysis

For statistical analysis of pre- and post-treatment
changes, initially descriptive statistics such as mean and
standard deviation were processed. The assumption of
normality of the data was tested by Shapiro-Wilks tests.
As the assumption of normality of the data has been
rejected about the amount and ratio of root resorption,
the Mann-Whitney U test was used for the above two
items; the two sample ¢ tests were used for the others.
To test their significance for pre- and post-treatment
changes, paired t tests were conducted. A significance
level of 0.05 was predefined in all cases. To analyze the
correlation between the variables within the groups,
Pearson bivariate correlation analysis was conducted. A
software package (SPSS 18.0, Chicago, IL, USA) was
used for the statistical analysis.

Results

Comparison of changes between pre- and post-treatment
in each group (Table 1)

In group A, the tooth length decreased from
26.07 £ 1.71 at TO to 24.46 + 1.52 at T1. In group B, the
tooth length decreased from 25.07 + 2.26 at TO to
24.11 + 2.12 at T1. There was a statistically significant
difference between T1 and TO within each group.

Comparison of the change between two groups (Table 2)
Group B exhibits 0.93 mm of root resorption; this value
is significantly lower than that of group A. The change
of incisal angle (AAngle (°)) is significantly smaller in
group B (7.18°) than in group A (11.93°). No significant
changes were found in AP position between group A
(743 mm) and group B (7.57 mm). The orthodontic
treatment duration was significantly shorter for group B
(22.05 months), compared to group A (28.2 months).

Correlation between variables in each group (Table 3)

Group A The change of incisal angle (AAngle (°)) was posi-
tively correlated with the change of AP position. Negative
correlation was showed between the change of incisal angle
(AAngle (°)) and the orthodontic treatment duration, and be-
tween change of AP position and the orthodontic treatment
duration. No correlation was showed among other variables.
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Table 3 The correlation between variables in each group
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Significance/correlation coefficient A Root resorption (mm) A Root resorption (%) A Angle (°) A AP position (mm) A Duration (months)
Group A (Pearson’s correlation)
ARoot resorption (mm) - 000%* 918 905 630
1 980" -.030 - 035 —.141
ARoot resorption (%) 000%* - 987 899 584
980° 1 —.005 —.038 —.160
AAngle () 918 987 - 002** 024*
—.030 —.005 1 756° — 596"
AAP position (mm) 905 899 .002** - 016*
- 035 - 038 756° 1 - 627°
ADuration (months) 630 584 024* 016* -
—.141 -.160 - 596 - 627° 1
Group B (Spearman’s correlation)
ARoot resorption (mm) - 000%* 313 498 024*
1 963° .280 190 577°
ARoot resorption (%) .000 - 248 697 063
963° 1 318 110 491
AAngle (°) 313 248 - 009** 680
280 318 1 646" 116
AAP position (mm) 498 697 009%* - 414
190 110 646° 1 228
ADuration (months) 024* 063 680 414 -
577 491 116 228 1

*P < 0.05, **P < 0.01
Mild correlation
“Moderate correlation
PHigh correlation

Group B The amount of root resorption (mm) was posi-
tively correlated with the orthodontic treatment dur-
ation. The change of incisal angle (AAngle (°)) was
positively correlated with the change of AP position. No
correlation was showed among other variables.

Discussion

Root resorption is prone to occur in patients with
orthodontic treatment [13], but because of the pres-
ence of several complicated root resorption-related
factors, it is difficult to provide accurate reasons [14].
Among these, known patient-related factors include
genetic factors [15-18]; root resorption or traumatic
anamnesis [17, 19]; anamnesis of root canal treatment
[19, 20]; anatomical factors such as shape or length
of the tooth root [16, 21-23], contiguity between the
roots of teeth and the cortical bone [24, 25], and
density of the alveolar bone [16, 24]; the degree of
malocclusion [16, 17, 21, 26]; and patient age [21, 27]
and gender [16, 19, 22]. In addition, orthodontic
treatment-related factors include treatment duration
[22-24], strength of the force applied [28], force

application method (continuous force or intermittent
force) [20, 25, 27], direction of tooth movement [28,
29], displacement of the tooth root [22, 26], and the
type of orthodontic appliance [30]. Root resorption is
affected by the complex functions of these various
factors.

In a study on the degree of root resorption evaluated
using periapical radiographs, over 1.4 mm of root re-
sorption was reported in the maxillary anterior teeth
[16], and Blake et al. reported 6 to 13% root resorption
on study using periapical radiographs [31]. In
addition, Brin et al. observed at least mild root re-
sorption in approximately 80% maxillary incisors and
moderate to severe root resorption in more than 12%
[21]. Levander et al. and Taithongchai et al. reported
that 1-5% teeth exhibited root resorption, with severe
resorption defined as more than 4 mm or a third of
the original tooth root [32, 33].

In the present study, group A underwent space closure
by conventional orthodontic treatment only and showed
1.61 mm of root resorption, similar to the results of
Sameshima et al. On the other hand, group B received
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ASO and exhibited 0.93 mm of root resorption; this
value was significantly lower than the A group. These re-
sults show lesser root resorption with ASO than with
conventional orthodontic treatment, which also supports
the claim of many researchers who mentioned the bene-
fits of ASO in terms of root resorption. As mentioned
previously, ASO is a favorable treatment option when
the possibility of root resorption occurrence is expected
to be high due to risk factors such as anamnesis of
trauma, anatomical limitations, and root contiguity with
the cortical bone.

The treatment duration was also significantly shorter
in group B (22.05 months) than in group A
(28.2 months), suggesting that the treatment duration
can be decreased when ASO is performed. Lee et al. and
Kim et al. reported that ASO is a more attractive treat-
ment option for adult patients because the treatment
period is shorter and the improvement in facial form is
immediate [12, 34].

Soft tissue improvements are also more superior with
ASO and orthodontic treatment than with conventional
orthodontic treatment only. Conventional orthodontic
treatment only tends to result in retroclination of the
anterior teeth, whereas ASO minimizes this and enables
the bodily movement of teeth. In addition, the former
increases tooth exposure by downward shifts of the
maxillary anterior teeth, increasing gingival visibility
and a gummy smile. In contrast, ASO resolves a
gummy smile by facilitating vertical adjustments in
tooth position [12].

However, ASO also has adverse effects such as necro-
sis of the anterior fragment, increase of the nasal base
width, counter-clockwise rotation of the nasal tip, tooth
root cutting, and spasticity of the canine, cleavage of the
osteotomy segment, and discordance between the canine
and the occlusal plane of the premolar tooth [35]. Sev-
eral approaches have been attempted to overcome these
limitations. Since the introduction of maxillary ASO by
Cohn-stock in 1921, it has been performed using three
methods in general, namely the Wassmund method, the
Wunderer method, and the Cupar and Epker method
[36]. The surgical method used in the present study was
a modified Wassmund method (Lee’s method). After the
placement of labial vertical incisions in the region of the
premolars on both sides and a vertical incision in the
median segment, tunneling was performed, followed by
the osteotomy from both premolar regions up to the
piriform aperture. Horizontal osteotomy was performed
via a palatal approach through the region of the labial
osteotomy. In particular, since it was difficult to access
to the center of the labial segment via the conventional
Wassmund method, we placed a labial vertical incision
in the maxillary median segment to facilitate access, and
blood supply to the labial and palatal mucosa was
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maintained. Through these methods, avascular necrosis
of the segmental osteotomy region was prevented.
Recently, delicate traction, indentation, or extrusion of
the anterior teeth by modifications of conventional ortho-
dontic treatment methods using anchorage devices such
as improved mini-screws or mini-plates have become pos-
sible. Therefore, the rate of selection of ASO as a treat-
ment option has decreased among orthodontists.
However, the limitations of conventional orthodontic
treatment still exist, such as longer treatment duration, in-
ability to correct severe facial deformities, possibility of ex-
cessive orthodontic force on the teeth, and possibility of
anchorage loss due to anatomical limitations [37].

Conclusions

In present study, the results show lesser root resorption
and treatment duration with ASO than with conventional
orthodontic treatment. Therefore, if the indications are ac-
curately determined, ASO can be an effective treatment
option when the possibility of root resorption occurrence
is expected to be high because of risk factors such as an-
amnesis of trauma, anatomical limitations, and root con-
tiguity with the cortical bone, especially in late adults.
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