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ABSTRACT

The orthodontic treatment plan of moderate crowding and protrusion requires the
first premolars extraction and takes 4-6 months to level and align before canine retraction. In this
period, the extracted alveolar bone will be collapse. The alveolar bone collapse may effect on
orthodontic tooth movement such as increase risks of bone dehiscence, fenestration, and root
resorption. Moreover, these will delay tooth movement and increase overall treatment time.
Therefore, canine should be retracted as soon as possible after the first premolar extraction in
leveling phase, but the small round wire used in initial leveling phase usually causes canine
tipping and rotation. Nevertheless, the light force may reduce the undesirable movement such as
tipping and rotation. Objective: To compare the dental changes of the maxillary canine be
retracted with the light force and the leveling effects. Research methodology: Thirteen subjects
(2 males and 11 females, mean age 19 years 9 months) which required the maxillary first
premolars extraction and canine retraction were participated. The canines were separated in to
control and experimental side. The experimental canine side was retracted with the prestretched
elastomeric chains (18 g) on 0.012” NiTi wire. The experimental canine was reactived with the
new prestretched elastomeric chains every month for 3 months; overall time for the study is 4
months. The distance of canine and molar movement, canine and molar rotation was measured
form the series of models at initial and 4 months after canine retraction from each subject (TO to
T4). The canine and molar tipping was measured form lateral cephalometric radiographs with
reference jigs. Results: The rate of experimental canine retraction was 0.84 £ 0.34 mm/month.
The experimental canines were distal tipping 9.15 + 5.52 degree and disto-palatal rotation 9.25 +
8.16 degree. The rate of control canine movement was 0.28 + 0.15 mm/month. The control

canines were distal tipping 3.31 £ 3.76 degree and disto-palatal rotation 0.69 + 9.53 degree. The
v
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CHAPTER 1

INTRODUCTION

Background and Rationale

Moderate crowding requiring first premolars extraction for the canines aligned in
the ridge use needs 4-6 months for leveling and aligning before the canine retraction. In this
period, the extracted alveolar bone may collapse.

Alveolar bone resorption after extraction is greatest during the first year and
occurs at a particularly fast rate during the first 3 months'. The reduction in width of the alveolar
ridges was 3.87 mm and the mean clinical mid-buccal height loss was 1.67 mm’. The alveolar
bone collapse may have an effect on orthodontic tooth movement such as increased risks of bone
dehiscence, fenestration, and root resorption. Moreover, post extraction site will increase the
gingival band thickness over time3; these will delay tooth movement and increase overall
treatment time.

To decrease the chance of bone collapse and gingival band, the canines should
be retracted immediately after first premolars extraction, which is in the initial of leveling phase.
The wires used in initial leveling phase usually are small round wires. The cautions of canine
retraction with small wire are tipping and rotation. However, the amount of force is a factor
involved in the moment of center of resistance, tipping or rotation . Therefore, the light force may
reduce the undesirable movement such as tipping and rotation.

As 18 g force is the lowest canine retraction force that has been reported by
Twasaki . The study showed that 18 g force can retract the canine with the rate of tooth movement
approximate 0.9 mm per month, tipping 3 degree, and rotation 0.3 degree. Therefore, it is
interesting to study the canine retraction in initial leveling phase, after extraction and in small
arch wire, with light force to decrease tipping and rotation. In this study, “Canine Retraction with

Light force in Leveling phase” will be named “CRLL”.



Review of literature

Leveling phase

The major stages of orthodontic treatment are: (1) aligning and leveling, (2)
correction of molar relationship and space closure, and (3) finishing. The goals of the first phase
of treatment are to bring the teeth into alignment of dental arch and correct vertical
discrepanciesé. When all teeth in dental arch are engaged into a straight wire, it is important to
recognize whether the teeth are aligned in the shapes of arch wire and along the occlusal plane.
The dental changes are occurring in three dimensions .

First, the change in the sagittal plane is the tendency for anterior teeth to incline
forward. These results from the tip built into the brackets and it is more pronounced in the upper
teeth. Second, vertical plane, tends to produce a transitional deepening of the anterior teeth
overbite, due to the tip in the canine brackets. If the canines are tipped distally, the mesial aspect
of the canine bracket slot is directed occlusally. The wire engaged in the incisor brackets, causes
extrusion. Lastly, lateral plane is tending to tipping or extrusion of posterior teeth during
expansion.

Additionally, Burstone and Koenigg’ ’ analyzed the force systems between 2
brackets, step, asymmetric V, and symmetric V geometry. Step geometry involves the two same
directions of moments and the two opposite vertical forces. For example, if the central incisors
have labio-lingual discrepancy, it will create step geometry. Asymmetric V geometry involves the
two opposite directions of vertical force but a single moment concentrated on one tooth such as a
palatally positioned lateral incisor rotated distally inward. Finally, the central incisors are mesial
rotation, which is created by a symmetric V geometry, the two equal and opposite moments. The
fundamental principles of biomechanics explained are useful for analyzing the force system

resulting from the placement of straight wire in to adjacent teeth.

Nickel-titanium arch wire

Nickel-titanium orthodontic alloys are based on the intermetallic compound

NiTi, which has weight percentage 55% nickel and 45% titanium'. There are two features of



considerable importance for clinical orthodontics: (1) low elastic modulus and (2) wide elastic
working range. These properties are suitable for using in initial aligning and leveling phase, and

the remarkably flat load curve for superelastic NiTi makes it the preferred material’.

Orthodontic force

Optimal orthodontic treatment requires a mechanical input that leads to a
maximum rate of tooth movement with minimal irreversible damage to the root and

periodontium“. Many studies were conducted to seek the optimum force for tooth movement.
Differential force concept

Storey and Smith'’ found that there is the optimum range of force that should be
used to produce a maximum rate of movement of canine, 150-200 g force. This force did not
produce any movement of molar anchorage unit. By increasing the force above the range, the rate
of canine movement decreases and finally approaches zero. The maximum rate of mesial
movement of the molar anchorage unit occurred in the high range of force, 300-500 g force, with
little or no movement of the canine. Referring to this experiment, Begg13 put forth a clinical
concept call “differential forces in orthodontic treatment”. This concept has been repeatedly
applied as a clinical entity when used the Begg technique. However, subsequent research' ™
found that heavy force produced about the same canine retraction as did light and the rate of
canine retraction was highly variable between individual patients. This indicates that the optimal
force will be different for each patient. Furthermore, the magnitude of forces is just one of the

many variables affecting the rate of tooth movement.
Optimum force

The classic definition of optimal force by Schwarz in 1932" was “the force
leading to a change in tissue pressure that approximated the capillary vessels’ blood pressure (20-
25 g/(:m2 of root surface), thus preventing their occlusion in the compressed periodontal
ligament”. Storey and Smit"” studied distal movement of canines in orthodontic patients and

suggested that there is an optimum range of pressure (150-200 g force) on the tooth-bone



interface that produces a maximum rate of tooth movement. And then Quinn and Yoshigawa17
suggested that 100-200 g force is optimal for canine retraction.
A recent systematic review = of tooth movement in humans suggests that no

evidence is about the optimal force level in orthodontics.
Light force in orthodontics

Oppenheim19 advocated the use of the lightest force that is capable to bring tooth
movement. Reitan” observed that during the initial stage of tipping movement, cell free zone or
hyalinized area was frequently created with continuous force of 30 g force. The undermining
resorption was removed varied form 2-4 weeks. However he also advocates the use of very light

force.

Due to intra- and inter-individual variations in the anatomy of the alveolar
support structures, orthodontic forces with the same magnitude will generate widely different
stress and strain distributions in these tissues in different individuals. Both the nonlinear
mechanical properties of the tissues as well as the varied mechanical support of the teeth in
different individuals, the load transfer through the alveolar tissues is complex and for these
reasons only very small orthodontic forces should be applied to the teeth to avoid ischemia and

local necrosis of the tissues.

Objectives and specific aims

Research questions

1. Can the maxillary canine be retracted with the light force during initial
leveling phase?
2. How does the tooth move with CRLL?
- Canines: amount and rate of tooth movement, tipping and rotation

- Molars: amount and rate of tooth movement



Research objectives

1. To compare the tooth movement between the light force canine retraction
together with leveling phase and leveling phase alone.
- Canines: amount and rate of tooth movement, tipping and rotation
- Molars: amount and rate of tooth movement
2. To evaluate the side effects with CRLL: canine tipping, canine rotation and

anchorage loss.

Hypothesis

1. The maxillary canine can be moved with light force during leveling phase
more than leveling phase.
2. CRLL does not initiate undesirable tooth movement such as canine tipping,

canine rotation and anchorage loss.

Significance of research

If the study found that the maxillary canine can be moved with light force during
leveling phase without undesirable tooth movement, it could be new the new technique for

maxillary canine retraction in initial leveling phase.



CHAPTER 2

RESEARCH METHODOLOGY

Population and sample

The population for this study was defined as adult patients who intended to
receive orthodontic treatment at Dental Hospital, Faculty of Dentistry, Prince of Songkla
University during the sampling time frame. Thirteen accidental cases were selected from the

population by consecutive sampling.

Inclusion Criteria

- Male or female patients age between 18-30 years

- Anterior teeth protrusion or moderate crowding cases (Anterior teeth crowding
4-6 mm)

- Patients required extraction maxillary first premolars and canine retraction

- Symmetric canine on both sides

- Maximum or moderate anchorage

- No significant medical history

- No periodontal diseases: pocket depth <4 mm, no bone loss

Exclusion Criteria
- No ectopic or rotation of the canines of both sides
- Failure of bonding on the maxillary canines, first molars
- NSAIDs usage during study

- Loss of anchorage

The patients were instructed to avoid NSAIDs in the month before appliance
placement and during the study. In case of toothache, the patients were instructed to take
acetaminophen. Each patient was informed on the objectives of the study, the experimental

procedure and the consent form would be signed for participating in this study.



Laboratory measurement of pre-stretched C-chain

The 18 g force of prestretched elastomeric chain (Alastik, Unitec/3M) was
measured by Universal testing machine. First, the length of elastomeric chains 3, 4, 5 and 6 units
were measured. Then, the elastomeric chains were pre-stretched in air to 100% for 10 second and
their length was measured. The pre-stretched elastomeric chains were measured the length that
generated the 18 g force. The average length of pre-stretched elastomeric chains that generated 18
g force was about 0.5 millimeters. Therefore, the midpoint of distal wing of the canine bracket in

the clinical study was used as at reference to retract the canine with the 18 g force (Fig. 1).

Fig. 1 The method to activate the pre-stretched elastomeric chains that generated

the 18 g force in the clinic

Clinical management

1. The teeth were bonded with Roth’s prescription pre-adjusted edgewise
appliances (Ormco®) 0.018”’ slot for the incisors and 0.022” slot with vertical slot for the canines
and posterior teeth.

2. The impressions and the lateral cephalometric radiographs were taken for
initial record. And then, the maxillary first premolars were extracted before CRLL within 1 week.

3. The posterior teeth were coligated as a unit with ligature wire. The 0.012”
NiTi arch wire (Highland metal®) with cinch back was inserted in the slot of brackets. During the
experimental period, same arch wire was used, no changed, because of decease leveling affected

on canines.



4. The canines were separated in to control and experimental side by simple
random sampling. The experimental canine side was retracted with the pre-stretched elastomeric
chains (18 g force) (Fig.1).

5. The 4-6 units pre-stretched elastomeric chains were selected to retracted the
canine according to the distance between the ends of pre-stretched elastomeric chain to the
midpoint of distal wing of canine bracket. The one end of the pre-stretched elastomeric chain
were engaged to bracket mesial or distal wing of second premolar or molar, the other side was far
from the midpoint of distal wing of canine bracket that was approximated 0.5 mm. When the
appropriate pre-stretched elastomeric chain was chosen, it was engaged to distal wing of canine‘s
bracket.

6. The experimental canine was reactivated with the new pre-stretched
elastomeric chains every month for 3 months; overall time for the study is 4 months. Before
reactivation, the impressions were taken for data record. The control canine was leveled with
leveling arch wire without any retraction force or coligate to other teeth during the study period.
For the post-experimental data, the impressions and the lateral cephalometric radiographs were

taken after 4 months.

Fig. 2 The experimental canine was retracted in the clinical study



The measurement of the changes of canines and molars

The series of models after the bracket placement and 4 months after canine
retraction from each subject were used to measure changes in the position of canines and molars

relative to the stable landmarks throughout the observation period.

Model analysis
The impressions were taken before bracket placement (T0) and every month for
4 months for the reference models. The reference points were marked on dental cast using a 0.5

mm graphite pencil.
The distance of molars and canines movement

The distances of canine retraction and mesial movement first molars were
measured directly on working casts with metal-tipped digital calipers that used palatal plug as a
reference for the measurement’ " (Fig. 3). The palatal plug was fabricated from acrylic with
reference wires (0.018- inch stainless steel) embedded in the acrylic that extended to the cusp tips
of the canines and to the central fossa of the first molars. The palatal plugs were done by using
the initial model (T0) as a reference and the same palatal plugs were transferred to each model of
the same subject from T1 to T4. This superimposition allowed for the direct observation of the
amount of canine retraction and mesial movement of molars (anchorage loss).

The canine distal movement was measured from the point of cusp tip to
reference point on the wire. And molar mesial movements were measured from central pit to tip
of reference wire. If there were movement of canines and molars, it will be seen the reference
point on canine cusp tip and central fossa of molar separated away from reference points on
wires. The distances were measure with digital venire caliper (to the nearest 0.01 mm) along the

mid palatal raphae.
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Fig. 3 The measurement of the distances of canines and molars movement

with the palatal plug22
Canine rotation

The models were scanned into a computer. The images were transferred to
Microsoft PowerPoint and printed with laser printer.

Rotation of canines was measured using the angle between midline of the palate
and line from mesial to distal contacts point of canines (Fig. 4).

The rotation of canines was the difference between the angular parameters
measured on the final and initial models (T4- T0). The Negative signs of the difference of the

canine rotation mean that the canines are disto-palatal rotation.
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Fig. 4 The measurement of canine rotation to the median palatine raphae23

Lateral cephalometric analysis
Lateral cephalometric radiographs were obtained immediately after bracket
placement. All radiographs were taken with the same cephalostat (Orthophos® CD, Siemens,
Germany). A tooth positional locating device was fabricated from sections of 0.022” x 0.025”
stainless steel wire that were attached to the canines before film exposure. These devices aid in

precisely locate the before and after canine retraction (Fig. 5).

Fig. 5 The reference jigs of canines (lower) and the lateral cephalometric radiographs

with the reference jigs at TO (left upper) and T4 (right upper)
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Canine tipping

The amount of tipping was carried out with reference to the palatal plane of the
maxilla (ANS-PNS). A coordinate system will be set up on the pre-retraction lateral
cephalometric films. The angular parameters were measured on the pre-retraction and post-
retraction lateral cephalometric films™* (Fig. 6). The canine angulation is the angle between the
long axis of the upper canine reference jig and the palatal plane. The tipping of canines was the
difference between the angular parameters measured on the final and initial lateral cephalometric
radiographs (T4- T0). Negative signs of the difference of the canine rotation mean that the

canines were distal tipping.

Fig. 6 Cephalometric analysis of angular measurements; Canine angulation: Angle
between the long axis of the upper canine reference jig and the palatal plane

(degree)

Measurement errors

The same investigator made the measurement of the dental models and the
radiographies. The study models were randomly measured. And the dental models and the lateral
cephalometric radiographs were measured twice 2 weeks apart. In accordance with Dahlberg, the

accidental errors in duplicate measurements were calculated from the equation;
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X D?
“ 4 2N

Where S_is the error of the measurement, D is the difference between duplicated
measurements and N is the number of double measurements. The error in this study was found to
be lower or equal 0.5 millimeters and degreezs.

For intra-observation reliability, the re-measurements were compared to the
initial measurements using a paired t-test. There was no statistically significant difference
between these two results with P value > 0.05.

The reliability evaluated by calculating the intraclass correlation coefficient
(ICC) was more than 0.9. Based on the clinical importance of measurement errors, this reliability

of this study was an acceptable level (0.80 >ICC <0.95) *,

Table 1 The measurement errors of the study calculated with Dahlberg formula

Canines Molars
Movement (mm) Tipping (degree) Rotation (degree) Movement (mm)
Experiment 0.12 0.39 0.39 0.05
Control 0.26 0.22 0.50 0.12

Statistical analysis

The models and lateral cephalometric radiographs were measured and compared
between the initial and final data of each side and each patient. The data were tested for it
normality with the Shapiro-Wilk test found that all available were normally distributed (p-value >
0.05). The dental changes of control and experimental side were compared with Paired #-test with

significant level at 0.05.
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The measurement and statistical analysis of tooth movement
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CHAPTER 4

DISCUSSIONS

The aim of this study was to determine the changes of canines and molars form
the light force canine retraction in initial leveling phase. To distinguish the effect of nickel
titanium wire in the leveling phase, the experimental sides were compared with the un-retracted

sides.

The dental changes of the leveling phase and light force retraction in leveling

phase.

Canine changes

In the conventional leveling phase, all teeth will be aligned which are mesio-
distal direction, bucco-lingual direction and occluso-gingival direction, therefore the control
canines were changed due to the effect of nickel titanium arch wire. Most of control canines were
tipped distally and rotated to alignment in the disto-palatal direction. In this study, the control
canines were moved in short distances as shown in figure § that is the effect of leveling phase. In
the experimental canines were retracted with 18 grams and shown the continually increment of
the distance of movement in each month with statistical significant. However, the tipping and
rotation of experimental canines is more than the control canines but it was normally in
conventional canine retraction” ® because the retraction force that does not pass through the center
of resistance of the canines. Therefore, the canine retraction in this study was from the light force

and the effect of nickel titanium wire in the leveling phase.
Anchorage loss

In this study the maxillary canines were retracted to the second premolars ligated
with first and second molars and there were no spaces between the second premolars and the

molars. Therefore, this study would use the molar movement to present the changes of anchorage.
21
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Although, the result showed there were mesial movement of the molars to the
extraction site during the study in both sides but these were not statistically significant when
compared to the control molars. And also, there was no effect of the light force to the anchorage
loss when compare with the changes of the anchorage in the leveling phase. This study, showed
that in cases of severe crowding or protrusion with the absolutely maximum anchorages

practitioner should be aware the loss of anchorage in the leveling phase.

CRLL technique

The rate of canine retraction

From the previous studies of the rate of canine retraction with various methods™
2 26_35, the rates of canine movement are in the range of 0.35 to 1.97 millimeters per month (or
approximately 1 millimeters/month). When compare with the rate of canine retraction with light
force from this technique, the rate of tooth movement is nearly equal to that of the other studies
with sliding mechanics (Table 5). Moreover, when compared to some studies using the optimum
force (100-200 grams of force); the rate of canine retraction in this study was higherB’ 283030
Compared to the studies using the elastomeric chain for canine retraction, our study showed the

rate of canine retraction was the same as that in Nightingale and J ones’study29 but more than that

in Dixon’s study3l.
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Table 5 The rate of canine retraction with various forces from previous studies in sliding

mechanic
Study Source of force Force Rate of canine
magnitude retraction
(grams) (mm/month)
This study, 2012 Elastomeric chain 18 0.84
Yee et al, 2009” Nickel titanium spring 50 0.60
Thiruvenkatachari et al, Nickel titanium spring 100 0.81
2008™
Rajcich and Sadowsky, Nickel titanium spring 100-150 0.80
1997"
Nightingale and Jones, Elastomeric chain 100-200 0.84
2003”
Samuels ef al, 1998" Nickel titanium spring 100 0.64
Nickel titanium spring 150 1.04
Nickel titanium spring 200 0.96
Dixon ef al, 2001"' Active ligature 200 0.35
Elastomeric chain 200 0.58
Nickel titanium spring 200 0.81
Lotzof et al, 1996” Elastomeric chain 200 1.50

When we compared our study to the frictionless mechanic studies (Table 6), the
rate of canine retraction from this study was slower than others e.g. Darendeliler’s study32 and
Daskalogiannakis and McLachlan’s study”. Both studies were using low continuous force
magnitude. But the rate of canine retraction form this study was equal to that in Iwasaki’s study5

that used the same force magnitude.
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Table 6 The rate of canine retraction with various forces from previous studies in frictionless

mechanic
Study Source of force Force Rate of canine
magnitude retraction
(grams) (mm/month)
This study, 2012 Elastomeric chain 18 0.84
Iwasaki et al, 2000° Retraction loop and 18 0.80
Nickel titanium spring 60 1.14
Darendeliler et al, 1997” Drum spring 50 1.60
Nickel titanium spring 50 1.22
Daskalogiannakis and Retraction loop 70 0.67
McLachlan, 1996 Magnet 70 1.22
Hayashi et al, 2004 Retraction spring 100 1.97

The rates of canine retraction were different among previous studies. Because
there are many factors affecting to the rate of tooth movement including bracket slot’s size, type
of bracket, type of wire, wire diameters, force magnitude, type of orthodontic force and moreover
biological factors, for example; saliva, plague accumulation etc.

A recent systematic review of tooth movement in humans suggests that no
evidence is about the optimal force level in orthodontics. There are many reasons for such
conclusion; First explanation is inability to precisely calculate the distribution of stresses and
strains at the periodontal ligament level. Second reason is the controlled type of tooth movement.
Third reason is the tooth movement evaluated over a relatively short period of time. And the last
is individual variation of the subject responses. So the usage of the lightest force to move the

teeth for the safe and less damage of periodontal structure is appropriate to the patient.

The canine tipping

When compared with the canine tipping from previous studies (Table 7), this
study had distal canine tipping more than various studies except Hasler’s study35 that retracted

canine into the recent extraction site. Hasler proposed that the canine retraction into the recent
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extraction site to produce distal tipping because of less bone resistance at cervical region. When

compared with Sueri and Turk study24, this study had lower canine tipping because of lower force

magnitude in canine retraction. When compared with  Iwasaki’s studys, which used the stainless

steel wire with anti-rotation and anti-tipped wire bending co-operated into the mechanic, the

tipping and the rotation of the canine will be less than this study. Moreover, the stainless steel

wire with larger diameters can be better controlled the tooth movement.

Table 7 The canine tipping from previous studies

Study Mechanic Source of force Force Tipping
magnitude (Degree)
(grams)
This study, 2012 Sliding Elastomeric chain 18 9.15
Sueri and Turk, Sliding Nickel titanium spring 150 11.63
2006”
Iwasaki et al, 2000° | Frictionless | Retraction loop and Nickel 18 3.20
Frictionless titanium spring 60 3.20
Darendeliler ef al, Frictionless Drum spring 50 7.89
1997 Frictionless Nickel titanium spring 50 7.94
Hasler et al, 1997 Frictionless Gjessing spring 100 15.80

The canine tipping of the previous studies was found from 3.20 to 15.80 degree.

However, there were differences in the method of the measurements. Moreover, these methods

were not shown the clinical representation after canine retraction (but compare to the initial of

treatment). So the canine angulation at T4 was compare to the occlusal plane. The average of

canine angulation at T4 was 7.76 £ 3.36 degree. When compare to the normal canine angulation

of Andrews ™, 11 degree, found that the difference was approximately 3 degree (Fig 12).
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Fig. 12 The canine angulation of this study (Left) compared to the normal canine

angulation of Andrews (Right)

Canine rotation

The canine rotation from previous studies was shown in table 8. The canine

rotation form this study was lower than that in Rajcich and Sadowsky’s s‘rudy23 and Darendeliler’

study32, but higher than that in Sueri and Turk’s study24 and Iwasaki’s study5 that used the large

arch wire size in canine retraction.

Table 8 The canine tipping and rotation from previous studies

Study Mechanic Source of force Force magnitude | Rotation
(grams) (Degree)
This study, 2012 Sliding Elastomeric chain 18 9.25
Sueri and Turk, Sliding Nickel titanium spring 150 7.75
2006”
Iwasaki et al, 2000° | Frictionless Retraction loop and 18 0.60
Frictionless | Nickel titanium spring 60 5.90
Darendeliler et al, Frictionless Drum spring 50 22.06
1997 Frictionless | Nickel titanium spring 50 4.07

However, in conventional orthodontic treatment during canine retraction, the

disto-palatal rotation was occurred because the canine was moved into the new position along the

arch form (Fig 13).
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Fig 13 Shown the disto-palatal rotation of the canine after canine retraction

into the new position

Additionally, in clinical observation, there were no clinical significance of canine tipping

and rotation and any severe side effects.

Fig. 14 No severe tipping and rotation of the retracted canines

The anchorage loss

The anchorage loss during the canine retraction from this study had the lower
rate of anchorage loss from previous studies (Table 9). Although there were anchorage
preparations such as Nance application”, headgear usage35 during canine retraction the anchorage
loss can occur. The less anchorage loss that reviewed was Rajcich and Sadowsky23 that used
differential moment during canine retraction.

The amount of anchorage loss per month in the experimental side was less than
the result from the study of Lotzof” which retracted canine without any anchorage preparation. In
this study, the second molars were bonded and coligated posterior teeth as a unit to increase tooth
number for canine retraction. Londhe et al in 2010™ has introduced the advantages of including

second molar in treatment to decrease the anchorage loss.
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Table 9 Comparison of anchorage loss between differential anchorage preparation methods

Study Anchorage Duration Anchorage | Anchorage loss

preparation (month) loss (mm) (mm/month)

This study Coligate posterior teeth 4 0.87 0.22

Shapck et al, 2008" Nance application 5 1.40 0.28

Hasler et al, 19977 High pull headgear 3 1.53 0.51

Lotzof et al, 1996 2 No anchorage 2.9 2.33 0.80
preparation

Thiruvenkatachari et No detailed 5 1.60 0.32

al, 2006 *

Yee et al, 2009” No detailed 3 111 0.37

Sueri and Turk, No detailed 2.5 1.93 0.76

2006™

The common side effects from this technique

1. Anterior teeth spacing after canine retraction after 2-3 months later because of
the gingival fiber contraction form canine movement. After there are enough space for aligning
anterior teeth, the researchers recommends ligating incisors together to prevent the anterior teeth
spacing that effect to the esthetic.

2. Posterior open bite. There were four subjects (4/13 cases) that found the little
posterior open bite at second premolars region. This side effect was correlated to the amount of
tipping of canine but in some cases the canine tipping more than 10 degree (2/14 cases) there are
not posterior open bite. When this side effect occurs, the increased arch wire diameters should be

placed and continued retracted canines with light force.
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Fig. 15 Posterior open bite was at second premolars region

3. Buccal tipping of second molars. In the initial protocol of this study the
posterior teeth were coligeted with elastomeric chain that caused the buccal tipping of second

molars. So in the adjusted protocol, the posterior teeth were co-ligated ligature wire.

Fig. 16 Buccal tipping of right second molars

The study designs

This study was experimental split mouth design to compare the tooth movement
in the same individuals. The canines and molars tipping and rotation before the study were the
same. And the patient age was in narrow range. So the individual variations were control to
decrease the method errors. However, the subjects of this study were quite small sample sizes (13

subjects). Future study would be should be conducted in a larger sample size.
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The measurement errors

The major problem of the model analysis was the occlusal plane change in the
leveling phase. This leaded to error in the model scanning process that made the various in the
measurement of the tooth movement. So the research was designed to have a direct measurement
on the models with reference palatal plug. Although, the measurement errors would be inevitably
but these were reduced by random measurement, re-measurement and intra-examiner calibration
The intra-examiner reliability was tested to compare the initial and re-measurement 2 weeks later
of the changes in study models and lateral cephalometric radiographs. There was no statistically
significant difference between the two measurements. And the measurement errors were

acceptable.

Clinical implication

Case selection
This technique can imply to use in the patients with moderate crowding and
protrusion of anterior teeth that required first premolars extraction with maximum anchorage
(posterior teeth mesial move less than % of extraction space). The canines were not rotation,
severe tipping or ectopic eruption
And from the observation, posterior occlusions with good intercuspation are the candidate in

. 39
prevention of anchorage loss” .
Clinical managements

From this study, we have suggested the new technique using the routine
orthodontic treatment combined with the biological response of bone resorption to decrease
treatment time in the leveling and canine retraction phases. The Canine Retraction in Leveling
phase with Light force (CRLL) should start immediately or within 7 days after first bicuspid
extraction to facilitate the bone resorption from the inflammation of extraction site or Regional
Accelerated Phenomenon’’ (RAP). To move or retract the canine, the small nickel titanium wire

usually is not recommended because the canine could be moved to inappropriate direction such as
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tipping, tilting and rotation. In spite of that this is the study to use 18 grams which is very light
force and the result shows that CRLL is able to move or retract canine in the appropriate direction
and rate of tooth movement same as that in the other techniques.

The step of treatment was in the clinical managements in the Chapter 2. For
using in clinical treatment, the CRLL can use both side of canine. In case of no anterior teeth
crowding, the incisors should be coligated together with ligature wire at the initial of the

treatment.

Benefits

The CRLL was simple mechanics that can cooperate with conventional
orthodontic treatment. This technique will gain space after canine retraction in leveling phase to
correct the anterior crowding which should decrease treatment time. Moreover, the light force

will not be any harm to periodontium and teeth.

Limitations and suggestions of the study

First, this study was conducted only in non-growing patients, so the study in
growing patients will be difference in the rate of tooth movement. Second, CRLL technique was
studied unilaterally within 4 months, for evaluation of side effects of treatment and overall
treatment time the CRLL should be used to retract the canines on both sides. And third, CRLL
technique was tested in only one arch wire size (0.012” nickel titanium arch wire). It was
interesting to study the effects of CRLL in the larger leveling arch wire, for the chance to anterior

retraction immediately after finished canine retraction phase.



CHAPTER 5

CONCLUSIONS

1. The maxillary canine retraction with light force in initial leveling phase can be
introduced in straight wire technique.
2. The rate of CRLL was 0.8 mm/month, the range of tipping and rotation is

within the limit of Andrews’ six keys to normal occlusion and the anchorage loss was minimal.

32
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