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ABSTRACT

Introduction: Bimaxillary protrusion patients is a condition characterized
by protrusive and proclined upper and lower anterior teeth and an increased
procumbency of the lips. Almost orthodontic treatment plan is removal of 4 first
premolars and retracting the anterior teeth. Orthodontic tooth movement more than
anatomical limits mat cause many side effects. In 2001, Wilcko et al. developed a new
treatment method that can reduce these side effects called as the Periodontally
Accelerated Osteogenic Orthodontics (PAOO). From previous studies the center of
resistance of six upper anterior teeth was moved apically after corticotomy, it was
interesting that whether the apically moved distance of the center of resistance of the
six upper anterior teeth after corticotomy effected the type of tooth movement or not
and how much of it? Also whether en-masse retraction using power arms in height of
13.5 mm from incisal edge of upper central incisor caused the bodily movement of
upper anterior teeth or not. Objectives: To evaluate and compare the effect of en-masse
retraction in corticotomy-assisted orthodontic treatment with conventional orthodontic
treatment in bimaxillary protrusion patients. Methods: 22 non-growing patients with
class | bimaxillary protrusion were divided into 2 groups, corticotomy group
(experimental group) and conventional group (control group). Both groups had the
same orthodontic treatment plan that required 4 first premolars extraction for anterior
teeth retraction, resulting in decreased lips protrusion. In experimental group, the

samples were treated with decortication and bone graft in area of anterior teeth before



viii

en-masse retraction. The amount of anterior teeth retraction in both horizontal and
vertical dimensions and angulation of upper anterior teeth were analyzed by
superimposition of two lateral cephalometric radiographs that taken before en-masse
retraction and after retraction 4 months. The ratio between the moved distance of the
most apical point and the moved distance of the most incisal point, the change of
angulation of upper anterior teeth and the retraction rate were calculated. T-test and
Mann-Whitney test were used for comparison between two groups. Paired t-test and
Wilcoxon Signed Rank test were used for comparison between before and after
retraction in each group. Results: There is no statistically significant different in upper
anterior tooth movement between two groups. After retraction the upper central incisor
was retroclined 3.5 + 3.5 degree, the ratio between the moved distance of the most
apical point and the moved distance of the most incisal point was 0.64 + 0.26, there
was no significant change in vertical dimension of upper central incisor and the
retraction rate was 0.99 + 0.32mm/month in corticotomy group that is faster than
conventional group about 1.5 times. Conclusions: En-masse retraction with 13.5 mm
height of power arms results in combination between controlled tipping and bodily
movement of upper anterior teeth in both groups and there is no different in upper
anterior tooth movement between two groups. Retraction rate in corticotomy group is

faster than conventional group about 1.5 times.
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CHAPTER 1

INTRODUCTION

Background and rationale

Corticotomy-assisted orthodontic treatment was described in 1959 by
Kole to enable movement of a bone segment that included a tooth by sectioning the
layer of compact bone.’ In 2001, Wilcko introduced modified technique as the
Periodontally Accelerated Osteogenic Orthodontics (PAOQO) procedure including
decortication combined with augmentation grafting created greater alveolar volume,
reduced risk of dehiscences and fenestrations, enhanced stability of the orthodontic
treatment result, and accelerated tooth movement.” ° Frost described that orthodontic
tooth movement was accelerated by the increase of osteoclasts and osteoblasts
resulting in the increase of bone turnover rate and decrease of regional bone density
by a regional acceleratory phenomenon (RAP) that begins within a few days after
procedure, typically peaks at 1 to 2 months, and may take from 6 to 24 months to

subside.

Bimaxillary protrusion is a condition characterized by protruded and
proclined upper and lower anterior teeth results in an increased protrusion of the Iips.5
Typical orthodontic treatment includes extraction of the four first premolars and
retraction the anterior segments to reduce lips protrusion with fixed appliances.

Orthognathic surgery is required to correct severe skeletal problems. o0

Closing extraction space can be performed by two-step conventional
technique that retracts canine first then retract incisors, or by en-masse retraction
technique that retracts the six anterior teeth as one group. En-masse retraction is
beneficial in keeping the alignment of the anterior teeth during retraction, avoiding

rotation and distal tipping of retracted canines, and more acceptable esthetics



because of no space between lateral incisors and canines during retraction. This can

enhance patient cooperation and motivation.”

However en-masse retraction can be done by various orthodontic
techniques such as frictionless mechanics (closing loop mechanics) and sliding
mechanics. From the biomechanical principle,atypes of orthodontic tooth movement
depend on the relationship between a line of action of the force and the center of
resistance of the tooth. A single force passing through the center of resistance results
in bodily movement that is the root apex and crown move in the same direction and
same amount. On the other hand, a force not passing through the center of resistance
produces a moment that tends to rotate the tooth and results in tipping tooth

movement.

In 2008 Gwang-Mo Jeong et al ° investigated the position of the center
of resistance of the six maxillary anterior teeth using 3-dimensional finite element
analysis. They found that the center of resistance of the six maxillary anterior teeth was
at 13.5 mm apical and 14.0 mm posterior to the incisal edge of the upper central
incisor. However the location of the center of resistance is depend on many factors
such as the length and the morphology of the root, the number of roots, width of the
periodontal ligament, alveolar bone height, * ' angle of crown inclination, and physical
properties of periodontal tissue. Also it was observed that the location of the center of
resistance of the six anterior teeth after corticotomy was changed more apically than
the six anterior teeth without Corticotomy.11 In 2001, Lee and Chung 11 reported the
vertical location of the CR of the maxillary six anterior teeth without corticotomy and
after corticotomy using 3D finite element analysis. It showed that the location of CR for
the six anterior teeth after corticotomy was changed more than the six anterior teeth

without corticotomy to the apical part about 0.5 mm.

Closing loop mechanics for retraction of the six anterior teeth, a line of
force passing below the center of resistance causes tipping movement of six anterior

teeth, results in relative extrusion and bite deepening that are unwanted side effects.



According to the study of Linlawan in 2011" found that the type of tooth movement by
en-masse retraction of six anterior teeth after corticotomy was controlled tipping.
Whereas in sliding mechanics with power arms can transfer the retraction force closed
to the center of resistance of the six anterior teeth, results in bodily tooth movement of

the six anterior teeth.

At present many previous studies investigate in en-masse retraction
using mini-implants and various height of power arms in corticotomy-assisted
orthodontic treatment and they found that the type of tooth movement of six anterior
teeth after corticotomy was tipping.m' ™ Previous study that compared the treatment
outcome between corticotomy-assisted orthodontic treatment and conventional
orthodontic treatment used different mechanics between two groups (en-masse
retraction and two-step retraction). Different mechanics can effect the type of tooth
movement.'” Also some studies had not control group.12' " From the previous study
found that the location of the center of resistance of the six anterior teeth after
corticotomy was changed more apically only about 0.5 mm'", it was interesting that
whether the apically moved distance of the center of resistance of the six upper
anterior teeth after corticotomy effected the type of tooth movement or not and how
much of it? Also whether en-masse retraction using power arms in height of 13.5 mm
from incisal edge of upper central incisor caused the bodily movement of upper

anterior teeth or not. This study is therefore undertaken.

Review of Literatures

Corticotomy-assisted tooth movement

Alveolar bone remodeling is the key component of orthodontic teeth
movement. The idea to accelerate tooth movement is to accelerate bone remodeling.
Frost'® found that bone remodeling increased during wound healing. In 1959 Kole?
introduced corticotomy technique that performed vertical interdental alveolar surgery

both buccally and lingually, leaving the medullary bone intact, combined with a



horizontal osteotomy cut extending through the entire thickness of the alveolus above
the apex of the teeth. He explained rapid tooth movement after corticotomy as “bony
block movement”. He claimed that this technique could prevent devitalizing of teeth,
injury of the periodontium and pocket formation due to leaving the medullary bone
intact. Osteotomy of the cortical layer and subsequent healing should prevent relapse.
Also active orthodontic treatment is limited to a period of six to twelve weeks. But this

. . . . . . 17
technique was viewed as unnecessarily invasive and was not widely accepted.

In 2001, Wilcko? introduced new technique as the Periodontally
Accelerated Osteogenic Orthodontics (PAOO, Wilckodontics) procedure that perform
full-thickness labial and lingual alveolar flap, decortication over the facial and lingual
surfaces of alveolar bone with bone cuts made barely into the medullary bone, not to
injure any tooth or periodontal ligament. Thicker portions of the alveolar cortex were
selectively traumatized to promote bleeding. Combined with augmentation resorbable
bone grafting created greater alveolar bone volumn, which repairing bony
dehiscences and fenestrations and also increased the stability of the orthodontic
treatment result. In the Wilcko protocol the orthodontic appliances were activated
approximately every 2 weeks after decortication surgery until the malocclusion was
resolved. According to Kole's rapid tooth movement concept as “bony block

® Pnoted that the increased rate of tooth

movement”!, on the other hand, Wilcko
movement after corticotomy-assisted orthodontics was caused by the increase of bone
turnover and decrease of regional bone density (localized osteopenia) because
osteoclasts and osteoblasts were increased by a regional acceleratory phenomenon
(RAP) that described by Frost 4. He found a positive relationship between the intensity
of response in the bone healing process and the amount and severity of corticotomy,
the bone turnover rate was increased at the injure region, call as the regional
acceleratory phenomenon or RAP. RAP begins within a few days of surgery, typically
peaks at 1 to 2 months, and may prolong as 6 months to 2 years to completely

subside. This phenomenon causes bone healing to occur 10-50 times faster than

normal bone turnover rate. Actually orthodontic force application alone can also



stimulate RAP activity in mild level. But orthodontic treatment combined with

corticotomy, RAP is more stimulated.

Injury/surgical wounding

-

Regional Accelerated Phenomenon
(RAP)

-

Transient burst of localized hard and
soft tissue remodelling

-

Transient osteopenia and high bone turnover rate

7

Rapid tooth movement

Fig.1 The RAP process which resulted in accelerated tooth movement 4



Decortication

Transients osteopenia

High tissue turnover rate

Fig.2 Three tissue engineering principles associated with the selective alveolar

decortication technique *

Of the above information, can conclude the advantages of corticotomy

assisted orthodontic treatment can be concluded as follows :

. 2,19, 20, 30
- Reduce treatment time.

- Decrease risk of root resorption due to reduced treatment duration
and decreased resistance of cortical bone.” '*

- More stability of the orthodontic outcome following resolution of
malocclusions is likely due to loss of tissue memory after
corticotomy and the increase in cortical bone thickness due to bone
grafting. %

- Reduce risk of dehiscences and fenestration from augmentation
grafting.t

- Following corticotomy assisted orthodontic treatment, the limits of
orthodontic tooth movement in the adult patients are expanded.
Proffit has indicated that there are limits of orthodontic tooth

movement in the adult patient.21 The scope of dental arch crowding

treatment can be increased about two to three-fold using PAOO for



central incisor protraction, extrusion, and intrusion, but not for incisor

22, 30

retraction.

Ortho Decort

Retract 7 3 8 4
Protract 2 5 5 9
Intrude 2 4 5 7

Extrude 4 2 10 6

Fig.3 Schematic view of the scope of treatment compared with conventional

orthodontics

En-masse retraction in corticotomy-assisted orthodontic treatment

In 2006, Lee et all> compared treatment outcomes of orthodontic
treatment, anterior segmental osteotomy, and corticotomy assisted orthodontic
treatment using mini-implants anchorage for resolution of bimaxillary dentoalveolar
protrusion, they found that the changes of the upper incisor proclination in patients
with anterior segmental osteotomy were significantly smaller than other groups and no
significance between orthodontic treatment and corticotomy-assisted orthodontic
groups. Also they found a bite deepening tendency in orthodontic treatment and
corticotomy-assisted orthodontic groups, but in patients with anterior segmental
osteotomy showed a decreased in overbite. They concluded that corticotomy-assisted

orthodontic treatment could be advantaged for achieving the maximum retraction in a



shorter treatment period than conventional orthodontic treatment in patients with
severe proclination of the upper incisors and the alveolar bone. Anterior segmental
osteotomy is recommended for bimaxillary dentoalveolar protrusion patients with a
gummy smile, basal bone prognathism, relatively normal incisor inclination, and

relatively underdeveloped chin position.

In 2011, Linlawan et al'z evaluated the effect of decorticated-facilitated
en-masse retraction of anterior teeth in bimaxillary protrusion patients with T-loop
mechanics, they found the type of tooth movement of mandibular incisors was
combination between translation and controlled tipping when en-masse retraction was
completed. They concluded that decortication-facilitated en-masse retraction can
retract anterior teeth beyond anatomical limit and this technique improved bone

dehiscences and fenestrations after retraction 6 months.

In 2012, Mohammad and Ghosn!3 described a case report, 21-year-old
female with dental class | relationship with severe maxillary protrusion and large
overjet. Orthodontic treatment consisted of the extraction of the upper first premolars
and corticotomy assisted en-masse retraction of the anterior teeth with anterior hooks
and mini-implants to provide maximum anchorage and shorten the retraction time.
They found that the treatment time was reduced (total treatment time was 16 months)
without any adverse effects on the periodontium and the vitality of the teeth. So a
corticotimy-facilitated orthodontic treatment with mini-implants can be an effective
method for maximum anchorage cases who desire a reduced orthodontic treatment

time.

In 2014, Sakthi et al'* assessed the treatment outcome of patients
treated with corticotomy-assisted en-masse retraction with sliding mechanics from
molar tube to soldered hook on the archwire compared with en-masse retraction
without corticotomy in bimaxillary protrusion patients, they reported that the rate of
retraction with corticotomy increased 2 times compared to the retraction without

corticotomy during the first 2 months of retraction which started to decline by the end



of the fourth month, co-related with the transient RAP phenomenon which remains
active for 4 months.4# They reported a maximum anchorage situation (an average
anchor loss of 0.6 mm for a period of 4-6 months) in the retraction period by using the
uncorticated posterior segment to act as an efficient anchorage source, thereby

eliminating the need for other anchorage devices.

Center of resistance (CR)

Center of resistance is a point at which resistance to movement can be
concentrated for mathematical analysis. If a force was applied with a line of action
passing through the CR, the tooth would undergo pure translation or bodily
movement without rotation. On the other hand, a force not passing through the center
of resistance produces a moment that tends to rotate the tooth and results in tipping
tooth movement. Therefore, the orthodontist always considers the relationship

between the location of the CR and the applied force vector.

Fig.4 Shows the bodily tooth movement



Fig.5 Shows the tipping tooth movement

Many investigators have reported the location of the CRE for a single
root tooth, investigated by various theoretical and experimental methods. According to
Proffit21, the center of resistance of a tooth is at the approximate midpoint of the
embedded portion of the root, about halfway between the root apex and the crest of
the alveolar bone. Burstone *° reported that the CR for an idealized upper incisor was
located at 33% of the distance of the root length apical to the alveolar crest. Using a 3-
dimensional finite element analysis, Tanne et al " concluded the location of the CR

moved apically as the alveolar bone height was reduced.

However the location of the center of resistance is dependent on many
factors such as the length and the morphology of the root, the number of roots, width
of the periodontal ligament, alveolar bone height, & 10angle of crown inclination, and
physical properties of periodontal tissue. Also it was observed that the location of the
center of resistance of the six anterior teeth after corticotomy was changed more

apically than the six anterior teeth without corticotomy. 11

En-masse retraction is identified by retraction of the six anterior teeth as
one group, therefore it is important to locate the CR of six anterior teeth for treatment

planning in type of anterior tooth movement.

The CR of the six anterior teeth was determined with various techniques

such as laser reflection, in vivo study, human autopsy, photoelastic, and finite element



method.” Among them, the finite element method (FEM) can reconstruct the size and
shape of a model similar to the actual object and determine the stress distributions,
deflection distributions and 3-dimentional (3D) displacements in complex anatomic
geometries and nonhomogenous physical properties such as bone.”® The FEM can
provide powerful tools for optimizing 3-dimensional (3D) morphology from radiographic

27
scans.

In 2001, Lee and Chung!! reported the vertical location of the CR of the
maxillary six anterior teeth during retraction using 3D finite element analysis in 2 cases
report, they defined the CR of the six anterior teeth without corticotomy and after
corticotomy were vertically located at 6.76 mm (44.32%) and 7.09 mm (46.38%) apical
to the cementoenamel junction level respectively. It showed that the location of CR for
the six anterior teeth after corticotomy was changed more than the six anterior teeth
without corticotomy to the apical part. They concluded that changes of force had little

effect on the location of CR.

In 2009, Gwang et al 9 investigated the position of the center of
resistance of the 4 upper incisors, 6 upper anterior teeth, and the maxillary dentition
using 3-dimensional finite element analysis. They found that the center of resistance of
the 6 upper anterior teeth group was 13.5 mm apical and 14.0 mm posterior to the

incisal edge of the upper central incisor.



Fig.6 Position of the center of resistance. A, The center of resistance of four upper
incisors; B, the center of resistance of six upper anterior teeth; C, the center of

resistance of the maxillary dentition ©

Research Objectives

1. To evaluate the effect of en-masse retraction in corticotomy-
assisted orthodontic treatment in bimaxillary protrusion patients.
- Type of upper anterior teeth movement
- Rate of upper anterior teeth retraction
2. To compare the effect of en-masse retraction of anterior teeth
using power arms in corticotomy-assisted orthodontic treatment with conventional

orthodontic treatment in bimaxillary protrusion patients.



Hypothesis

1. En-masse retraction when using power arms in corticotomy-
assisted orthodontic treatment results in bodily movement of anterior teeth.

2. Type of upper anterior teeth movement when using power arms
for en-masse retraction between corticotomy-assisted orthodontic treatment and
conventional orthodontic treatment is not different.

3. Rate of upper anterior teeth retraction in corticotomy-assisted

orthodontic treatment is faster than conventional orthodontic treatment.

Conceptual framework

En-masse retraction in Bimaxiilary protrusion patients €~~~ Maximum anchorage
Independent variables - Alveolar bone support
* Corticotomy-assisted ——— Control :
orthodontic treatment v" Mechanics for en-masse retraction
v' Force magnitude
* Conventional orthodontic |___y| Y Wiresize
trearment v Age
v’ Periodontal condition
N v" Root length
’ Dependent variables v Surgeon
Type of upper anterior teeth movement
— - Tipping movement or
- Bodily movement 1) Lateral cephalometric
radiograph
|| Rate of anterior teeth retraction
(mm/month)

Fig.7 Conceptual framework



Significance of the study

1. Decortication-facilitated en-masse retraction using power arms
presents a more viable alternative solutions for control vertical dimension of anterior
teeth in a corticotomy-assisted orthodontic treatment in bimaxillary protrusion patients.

2. To reduce treatment time during anterior teeth retraction.

3. Use as a guide for the future study that evaluate the most
appropriate height of power arms using for en-masse retraction in a corticotomy-

assisted orthodontic treatment in bimaxillary protrusion patients.



CHAPTER 2
RESEARCH METHODOLOGY
Sample

This study will be approved by Ethics committee on human

experimental of Faculty of Dentistry, Prince of Songkla University.

Sample size
2(11(Zﬁ +Z,,,)
(d*)*

Sample size was calculated using formula; 1 =

The values of parameters (I,/ |,) taken from the study of Salma Al-Sibaie

et al *are as follow:
d (Group difference between experiment/controlled) is 3.74
O (standard deviation of treated group) is 2.28
The level of significance of the change is established at 95% (01=0.05).
The power of the test in this study is established at 80% (B =0.2).
Sample size calculation is 11 patients per group.

The patients will be recruited from Orthodontic clinic, Dental hospital,

Faculty of Dentistry, Prince of Songkla University.

The patients will be divided into two groups with voluntary decision of

each patient :

1. Control group: 11 individuals are treated with conventional orthodontic
treatment in the upper arch with the height of power arms at 13.5 mm apical to the

incisal edge of the upper central incisor.



2. Experimental group: 11 individuals are treated with corticotomy-

assisted orthodontic treatment in the upper arch with the same height of power arms.

The inclusion criteria were :

1. Age at the beginning of treatment between 18-25 years.14
2. Healthy patients
- No allergies or medical problems especially uncontrolled
osteoporosis or other bone disease.”” ¥
- No long-term use of medications such as anti-inflammatory
9, 31

. . L g 2
drugs, immunosuppressive drugs, or steroid.

- No long-term use of bisphosphonates.32

3. No active periodontal diseases.” ¥
4, No signs and symptoms of temporomandibular disorders."’
5. Bimaxillary protrusion (the patients required the removal of first

premolars in upper and lower arches as a part of their orthodontic treatment).
- Interincisal angle <125°
- UI-NA is between 22° - 57°
- Class | malocclusion
6. Treatment plan required maximum anchorage situation.
7. Well-aligned maxillary and mandibular incisors with minimal
crowding ( <3 mm).
8. Normal root length of upper anterior teeth.*
9. Treatment plan required anterior retraction more than lingual

bone thickness of lower anterior teeth at the level of the incisor apex (Figure 8).12



Fig.8 Cephalometric measurements that define the width of the lower incisor alveolus

(blue line)

The exclusion criteria were :

1. The patients have poor oral hygiene before start treatment.

The discontinuation criteria were :

1. Cannot have continuous treatment (more than 2 months after
last visits).

2. The patients have poor oral hygiene between treatment.

3. The patients have severe bony defect and periodontal diseases

between treatment (gingival recession, attachment loss and pocket formation).
4, No movement of upper anterior teeth after en-masse retraction

for 2 months considering with distance of extraction space and molar relationship.

The patient was informed about the objectives of the study, propose
surgical procedure, detail advantages and disadvantages of the procedure, and the

consent form was signed for participating in this study.



Materials and methods

1. Initial record were taken including
- Extraoral and intraoral photos.
- Lateral cephalometric radiographs.

2. Pre-adjusted edgewise appliances (Roth prescription) with
0.018"-slot in anterior teeth and 0.022”-slot in posterior teeth were used for full arch.
Both upper first molars were fixed with bands which were soldered with adjustable
power arms in the headgear tubes. TPA was used for promote maximum anchorage
situation and control in transverse dimension between retraction. The teeth were
aligned and leveled until complete on 0.017"x0.022" stainless steel archwire. Before
decortication, records were taken including (T1).

- Extraoral and intraoral photos.
- Lateral cephalometric radiographs.

3. In experimental group, the patients were referred to oral
surgery clinic for alveolar decortication and bone grafting with allograft (freeze dried
bone from faculty of Medicine, Siriraj Hospital) and autogenous bone (from
decortications procedure) with the same surgeon. The first premolars were extracted
in the procedure. Whereas in the control group, the first premolars were extracted prior

to aligning stage of treatment (as traditional).

The surgical procedures were performed following these steps :

- The surgical procedures were performed under local
anesthesia and conscious oral sedation (Diazepam 5
mg.).

- The mucoperiosteal incision was made along the buccal
and lingual mucosa, the bone was exposed.

- The first premolars were extracted.

- After the mucoperiosteum had been undermined,

vertical decortication was made across both first



premolar sites with the proper size of round carbide
burs in difference areas. The horizontal decortications
were made 2 cm below the apices of the anterior teeth.

- Bone grafting with allograft (Freeze dried bone from
Faculty of Medicine, Siriraj hospital) and autogenous
bone (from decortication procedure) were augmented to
the corticotomy site.

- Flap repositioning and suturing were made using a

vertical double mattress technique.

Fig.9 Shows vertical and horizontal decortications

4, Two weeks after alveolar decortications (two weeks are optimal
for sufficient healing and less patient anxiety), the maxillary and mandibular anterior
teeth were fixated into a single unit with ligature wire. Power arms (AbsoAnchorTM
system, Dentos Inc., Daegu, Korea) were crimped onto the main archwire between
maxillary lateral incisors and canines. 250 g of force was applied on each side with a
nickel-titanium coil spring (closed)14 extending from posterior power arms to the
anterior power arms at the height of 13.5 mm from the incisal edge of the upper central
incisor to retract the maxillary anterior teeth en-masse. For reduced soft tissue irritation

and patient’'s comfort, soft tissue guards are used with nickel-titanium coil spring.
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Closing loop archwire was used to retract the mandibular anterior teeth en-masse,
similarly mechanics with control group. But the activation in control group was every 4

weeks (as traditional).

Fig.10 Shows en-masse anterior retraction using power arms in the upper arch and

using T-loop archwire in the lower arch

5. Patients were followed up every 2 weeks after alveolar
decortications in experimental group and every 4 weeks in control group for 4 months,
after retraction records were taken including (T2)

- Extraoral and intraoral photos.

- Lateral cephalometric radiographs.

Note : All lateral cephalometric radiograhps were undertaken with natural head

position.

Records and data analysis

Parameters measured in this study included
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1. The amount of the upper anterior teeth movement in horizontal
and in vertical dimensions.
2. Angulation of upper anterior teeth retraction.

3. Rate of the anterior teeth retraction.

All parameters were analyzed from lateral cephalometric radiographs.

The reference planes that used in lateral cephalometric analysis were

35
as follows.

1. OL (occlusal line) : A line through is (the incisal tip of the most
prominent maxillary incisor) and the distobuccal cusp of the maxillary permanent first
molar. The line from the initial head film was used as reference line for measurements
on all head films.

2. OLp (occlusal line perpendicular) : A line perpendicular to OL
through S point (the center of sella turcica). The line from the initial head film was used
as reference line for measurements on all head films.

3. SN plane : The line through N (nasion) and S. The line from the

initial head film was used as reference line for measurements on all head films.

Note : The tracing was superimposed along the stable anatomical

structure (anterior cranial base).
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OL

Fig.11 Shows lateral cephalometric analysis reference planes: blue, occlusal line

(OL); green, SN plane

The amount of the upper anterior teeth movement (horizontal and vertical dimensions)

The amount of the anterior teeth movement that used in lateral
cephalometric analysis, analyzed from the difference between the anterior teeth points

before retraction (T1) and after retraction (T2), were as follows

Horizontal movement (Fig.12):

1. Upper apical movement (l,) : from the apex of the maxillary
central incisors perpendicular to OLp plane.
2. Upper incisal movement (I) : from the incisal tip of the most

prominent maxillary central incisors perpendicular to OLp plane.
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Vertical movement:

1. Upper incisal movement (Vertical-l) : from the incisal tip of the

most prominent maxillary central incisors perpendicular to OL plane.

Fig.12 Shows anterior retraction measuring point; 1, upper apical movement; 2, upper

incisal movement

To determine the horizontal movements of the upper central incisors,
the quotient of the moved distance of the most apical point (I,) and the moved
distance of the most incisal point (I) were calculated. If the apical point moved in the
opposite direction to the incisal point, the amount received a negative sign. Tooth
movement was classified on the basis of the quotient obtained (I,/ I,) : <0, uncontrolled
tipping; 0, controlled tipping; >0, controlled tipping and bodily movement; 1, bodily
movement; and >1, root movement.”” *° Bodily movement will be occurred when upper

apical movement and upper incisal movement are the same value.

To determine the vertical movements of the upper central incisors, the

moved distance of the most incisal point to OL plane (Vertical-l) were calculated. If the
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incisal point moved upward (intrusion), the amount received a negative sign. If the

incisal point moved downward (extrusion), the amount received a positive sign.

Angulation of upper anterior teeth (UI-SN)

Angulation of the upper anterior tooth that used in lateral cephalometric
analysis, was assessed in the relationship of the long axis of the tooth to the anterior
cranial base (SN plane) and analyzed from the difference between long axis of upper

central incisor before retraction (T1) and after retraction (T2)

oL,

Fig.13 Shows angulation of upper anterior teeth measurement plane; Green line, SN

plane; Red line, long axis of the upper central incisor

Rate of anterior teeth retraction

The rate of anterior teeth retraction (millimeter per month) was
calculated according to the amount of upper anterior teeth movement in horizontal

plane (millimeter) divide with the retraction period (month).

For the purpose of error testing, all cephalometric films used in this

study were taken with the same X-ray machine (Orthopros, Siemens, Germany). The
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lateral cephalometric films (T1 and T2) were traced and measured by one investigator

by hand on acetate paper.

To calculate systematic and random errors, 20 cephalograms were
retraced by the same investigator a minimum of two weeks later. The random

. y 37
measurement error was calculated according to Dahlberg’s formula.

Statistical analysis

Mean and standard deviation (SD) of the total changes were calculated

for each cephalometric variables for descriptive analysis.

T-test was used for comparison the amount of the upper anterior teeth
movement in horizontal dimension (I, / |, ), difference between long axis of upper
central incisor before retraction and after retraction (AUI-SN) and rate of anterior

teeth retraction between experimental group and controlled group.

Man-Whitney was used for comparison the amount of the upper
anterior teeth movement in vertical dimension (AVerticaI—Ii) between experimental

group and controlled group after retraction (T1).

Pair t-test was used for comparison the angulation of upper anterior

teeth (UI-SN) between before and after retraction in control group.

Wilcoxon Signed Rank test was used for comparison the angulation of
upper anterior teeth (UI-SN) between before and after retraction in experimental group
and the upper anterior teeth movement in vertical dimension (Vertical-l) between

before and after retraction in both groups.

The data will be analyzed using statistic analysis software (SPSS

version 13, USA). The level of statistical significance will be set at a p value <0.05
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CHAPTER 3

RESULTS

An initial characteristic of samples in this study was non-growing
patients with dental class | bimaxillary protrusion. There were 11 subjects participated
in experimental group which devided into 4 males and 7 females. Their mean age at
the start of treatment was 20.1 + 1.8 years. For control group, 11 subjects were
comprised of 3 males and 8 females and the mean age at the start of treatment was

20.4 + 2.2 years.

Table 1: Comparison of age, upper incisor inclination (UI-NA), interincisal angle (UI-LI)

and root length of upper central incisor at the start of treatment between two

groups
Variables Experimental Control group P-value
group (n=11) (n=11)
mean (S.D.) mean (S.D.)
Age (years) 20.1 (1.8) 20.4 (2.2) 0.250
UI-NA (angular) 33.8(9.3) 31.3(6.6) 0.669
Ul-LI (angular) 108.0 (8.5) 112.2 (6.8) 0.469
Root length (mm) 14.2 (1.2) 13.1 (0.9) 0.545

n, number of subjects; S.D., standard deviation; * Statistical significance at p<0.05

level

The pre-treatment value of experimental and control groups were

evaluated by Mann-Whitney U test due to non-normal distribution of the result. The
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values presented similarities between two groups in all parameters so the experimental

group and control group were homogeneity.

Magnification and measurement error analysis

Method error for lateral cephalometric values were 0.2 mm, ranging
from 0.1 to 0.2 mm, for the distance measurement and 0.3°, ranging from 0.2° to 0.4°,

for the angular measurement. So the method and operator were reliable.

The amount of the upper anterior teeth movement

The |,/ |, ratio was 0.64 + 0.26 in experimental group and was 0.64 +
0.25 in control group. There was no statistically significant difference between two
groups (Table 2). From the study of Upadhyay et al®, can classified that the type of
tooth movement in both groups was combination between controlled tipping and

bodily movement.

After retraction, upper central incisors were intruded 0.36 + 0.74 mm in
experimental group and were intruded 0.64 + 0.45 mm in control group but there was
no statistically significant difference between two groups (Table 2). When compare
before and after retraction, there was statistically significant difference in vertical
dimension of upper central incisors in control group but there was no statistically

significant difference in experimental group (Table 3).

Angulation of upper anterior teeth

After retraction, upper central incisors were significantly retroclined in
both groups, 3.5 + 3.55 degree in experimental group and 3.09 + 2.61 degree in
control group (Table 3). When compare between two groups, the upper central
incisors were more retroclined in experimental group but there was no statistically

significant difference (Table 2).
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Rate of anterior teeth retraction

Rate of upper anterior teeth retraction was 0.99 + 0.32mm/month in
experimental group and 0.65 + 0.22 mm/month in control group. Retraction rate in
experimental group was statistically significant faster than conventional group about

1.5 times (Table 2).

Table 2: Comparison between experimental group and control group in each variable

Experimental Control
Variables mean S.D. mean S.D. P-value
/1 0.64 0.26 0.64 0.25 0.990
A Vertical-l, (mm) -0.36 0.74 -0.64 0.45 0.300
A UI-SN (angular) -3.5 3.55 -3.09 2.61 0.762
Retraction rate 0.99 0.32 0.65 0.22 0.007*
(mm/month)

S.D., standard deviation; |,/ |, the quotient of the moved distance of the most apical
point (I,) and the moved distance of the most incisal point (I); A Vertical-l, the moved
distance of the most incisal point (V-1) to OL plane; A UI-SN, difference between long
axis of upper central incisor before and after retraction; * Statistical significance at

p<0.05 level
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Table 3: Measurement values at T1 and T2 in each variable and the differences in

each group
T1 T2 AT,T,
Variables
mean S.D. mean S.D. mean S.D. P-value
Experimental group
UI-SN (angular) 113.09 624 10959 729 -35 355 0.013*
Vertical-l, (mm) 0 0 0.36 074 -036 074 0113
Control group
UI-SN (angular) 110.96 532 10786 694 -3.09 261 0.030*
Vertical-l,(mm) 0 0 064 025 -064 025 0.008*

S.D., standard deviation; Vertical-I, the distance of the most incisal point to OL plane;
UI-SN, angular between long axis of upper central incisor and SN plane; * Statistical

significance at p<0.05 level
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CHAPTER 4

DISCUSSION

Typical orthodontic treatment of bimaxillary protrusion patients includes
extraction of the four first premolars and retraction the anterior segments to reduce
anterior teeth proclination and lips protrusion. The anatomical limits set by the cortical
plates of the alveolus at the level of the incisor apices act as barriers to incisor
retraction. Orthodontic tooth movement more than anatomical limits may cause many
side effects, corticotomy is one of the treatment option to prevent these. The center
resistance of six anterior teeth is important for treatment planning in type of anterior
tooth movement. Using power arms in height which retraction force pass through the
center of resistance of the six maxillary anterior teeth results in bodily movement and

prevention of deep bite.

Superimposition of two lateral cephalometric radiographs was used for
measurement of all parameters. The reference planes that used in lateral
cephalometric analysis were occlusal line and occlusal line perpendicular. This
reference planes can represent the true distance of tooth movement along the occlusal

plane.

In this study mechanics for en-masse retraction was sliding mechanics
with power arms that can transfer the retraction force parallel to the arch wire and
closed to the center of resistance of the six upper anterior teeth, minimizing tipping
movement, relative extrusion and deep bite of anterior teeth. The retraction force
magnitude was 250 grams per side that other studies used vary range of force from

14, 27, 36

150 — 450 grams per side. The time period of assessment of retraction was first 4

months after corticotomy was appropriated because RAP phenomenon remained
active for 4 months which peaked during 1-2 months and started to decline by the end

of the fourth month.* *
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In experimental group the results showed that after retraction the upper
anterior teeth were slightly retroclined. Conform to the I,/ |, ratio, was 0.64, that
classified the type of tooth movement was combination between controlled tipping and
bodily movement. The upper incisor inclination was changed only 3.5 degrees.
Although there was statistically significant difference, there was no clinically significant
difference. When determined in vertical dimension, upper incisors did not change in
vertical dimension. These can explained from the biomechanics that the line of
retraction force was applied more apically and nearly passing through the CR of the
six upper anterior teeth, the moment of force (M) was decreased result in little change
of inclination and same vertical dimension of upper anterior teeth after retraction.
However the force was generated by nickel-titanium coil spring and activated every 2
weeks, the type of force was continuous. With the decay force (such as loop
mechanics, elastomeric chain), when the force was applied to the tooth with
rectangular wire in bracket slot, the controlled tipping was occurred first because the
moment of force (M) was greater than the moment of couple (M,). Then the force
gradually decayed and the moment of force was decreased until the moment of force
was equal to the moment of couple (M/M; = 1) and the bodily movement was
occurred. From the continuous force in this study, the pure bodily movement was not
occurred. However it was advantageous to our patients who had significant

proclination of upper anterior teeth.

In control group, the results of upper anterior teeth movement were
conformed with experimental group. The upper incisor inclination was changed about
3 degrees that less than in experimental group because of more apically CR of the six
anterior teeth in experimental group 1* and less moment of force (M;) in control group.
However there was no statistically significant difference between two groups in all
parameters. These implied that the center of resistance after corticotomy maybe was
little changed apically result in no significant difference in the type of tooth movement

between two groups.
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From our study the inclination of upper anterior teeth was changed less
than the study of Lee et al " who reported that after retraction the inclination of upper
anterior teeth was changed 19.43 degrees in corticotomy group and 18.84 degrees in
conventional group but there was no statistically significant difference between groups
that was in concurrence with out study. Also the study of Upadhyay et al® found that
the upper anterior teeth inclination was changed about 15 degrees and the |,/ | ratio,
was 0.2 after en-masse retraction that was more tipping movement when compared
with our study. This can explained that the line of retraction force in our study was
parallel to the arch wire and more nearly to the center of resistance of the six upper
anterior teeth even though same sliding mechanics and the type of force (continuous
force). From the study of Al-Sibaie and Mohammad'> ¥ the inclination change was
about 2 degree that was approximately to our study because the retraction force was
nearby the center of resistance of the six upper anterior teeth (8 mm apically from the
arch wire compared with 13.5 mm from the incisal edge of upper central incisor in our

study).

This study the incisal edge of upper anterior teeth was maintained in
vertical dimension compared with other studies™ *who reported the incisal edge of
upper anterior teeth was slightly intruded because the direction of force from the
anterior hook to posterior hook was parallel compared with upward direction in those

studies.

Retraction rate in corticotomy group was about 1.5 times faster than
conventional group because of increased demineralization and remineralization
process of regional acceleratory phenomenon (RAP)’. RAP is maximized by
orthodontic force application combined with corticotomy40. However the RAP was
peaked during 1-2 months, the retraction rate in this study was average rate that
included both peaked and declined RAP in 4 months period. The retraction rate of this
study was slower than the study of Linlawan et al.””, because sliding mechanics was
used in our study, the retraction rate was decreased by the friction between wire and

bracket slot whereas those study used loop mechanics (frictionless). Compare with the
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previous studywthat used same mechanic (sliding mechanics), the retraction rate of
our study was slower because of lesser slot play between wire and bracket slot.
Moreover distance of anchorage loss, the amount and severity of decorticated
procedure and bone density in each patient are also the influential factors to be

concerned.

Clinical implication

From this study the moved distance of the center of resistance after
corticotomy maybe hardly changed so that not had significant effect to the type of
tooth movement. En-masse retraction using 13.5 mm height of power arms is one of

the treatment options for prevention of bite deepening during anterior teeth retraction.
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CHAPTER 5

CONCLUSION

1. En-masse retraction with power arms 13.5 mm of height results
in combination between controlled tipping and bodily movement of upper anterior
teeth in both corticotomy-assisted orthodontic treatment and conventional orthodontic

treatment.

2. Upper anterior teeth movement when using power arms for en-
masse retraction between corticotomy-assisted orthodontic treatment and

conventional orthodontic treatment is not different.

3. Retraction rate in corticotomy-assisted orthodontic treatment is
faster than conventional orthodontic treatment about 1.5 times in bimaxillary protrusion

patients.
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