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Abstract

Class II malocclusion with deepbite can be corrected by maxillary molar
distalization and extrusion. Several treatment modalities existed for distal movement of maxillary
molars. Despite the fact that, the commonly used appliance such as cervical pull headgear can
provide acceptable treatment results, it requires a considerable patient’s compliance. Numerous
complications have been reported from the other appliances available, in particular, an anchorage
loss. Laboratory processing occasionally is also needed. So the maxillary molar distalization and
extrusion system was developed. Objectives: The aim of the present study was to develop the
system and evaluate its treatment effects contributing to class II corrections with deepbite by
means of maxillary molar distalization and extrusion. The newly developed system intended to
reduce complication such as anchorage loss. Moreover, patient’s compliance and laboratory
procedure were not required. Materials and methods: Twenty six patients with class II
malocclusion were divided into 2 groups. Thirteen (6 males and 7 females) were treated with
fixed orthodontic appliances ,which anchorage preparation was introduced by placing the upper
incisor brackets upside down and applying uprighting springs on both upper first and second
premolars. 0.017”x 0.025” TMA with distal L loops were then used to distalize and extrude
maxillary molars. The remaining subjects were classified into control group who underwent
growth monitoring for 6-12 months. Lateral cephalometric films were used to evaluate the
difference of mean values before and after treatment. T-test was also used for statistical analysis
of the differences between treatment and control group at significance level of 0.05. Results: In
the treatment group, maxillary molars were distalized 3.46+0.88 mm., extruded 1.60+0.44 mm.
and tipped distally 3.10+1.85 degree. The mean treatment time was 3.35+0.47 months for
distalization and 3.08+0.76 months for extrusion. Molars were distalized and extruded with the
rate of 1.06+£0.31mm. and 0.5440.13 mm. per months, respectively. The distances of upper molar

movement in all three dimensions were statistically significant (P<0.01). There was no statistic



viii

significant in the difference between the position and angulation of upper first premolars and
incisors before and after treatment, except the upper first premolars which were significantly
intruded (P<0.05) with no clinical significance. Moreover, the upper molar position and
angulation in the treatment group were also different significantly compared with the control
group (P<0.01). Conclusion: The maxillary molar distalization and extrusion system can
effectively distalize and extrude upper molar with no anchorage loss. This system does not require

any patient’s compliances and laboratory processing.
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CHAPTER 1

INTRODUCTION

Background and rationale

Class II malocclusion in growing patients with deep overbite combined
decreased lower facial height can be properly corrected both anteroposteriorly and vertically.
Maxillary molar distalization and extrusion is one of the successful treatment methods used for

class II correction with the use of bite opening mechanic.

Several treatment modalities existed for distal movement of maxillary molars.
Among all appliances, cervical pull headgear is one of the most common used 'clpplialnces.1
However, there are many problems existed i.e. co-operation needed, patient discomfort and

difficult in producing bodily movement.’

In recent years, many non-compliance appliances have been invented such as
Pendulum, Jones jig and open coil springs. However, these intraoral appliances do not move only

the maxillary molars, but also the upper premolars and anterior teeth, which are the anchorage.3

To enhance anchorage control, these appliances have to cooperate with some
components such as the Nance button and transpalatal arch. Consequently, Orthodontists and
technicians have to deal with many steps of laboratory procedures in constructing these

appliances or the patients are informed to use the class Il elastics.

Therefore, the system of maxillary molar distalization and extrusion has been

developed without the need for laboratory preparation, patient compliance and no anchorage loss.

Review of Literatures
Class II malocclusion

Edward H. Angle developed the classification of occlusal relationship in 1890s.

Angle stated that the upper first molars were the key to occlusion and that the upper and lower



molar should be related so that the mesiobuccal cusp of upper molar occludes in the buccal

groove of the lower molar.”

From the glossary of orthodontic terms’, class 1I malocclusion (Distoclusion,
Postnormal occlusion) is defined as a malocclusion which the buccal groove of the mandibular
first permanent molar occludes posterior or distal to the mesiobuccal cusp of the maxillary first

permanent molar.
Class II correction in growing patients

Many strategies and appliances have been invented to correct class II
malocclusion. In 2007, Proffit et al’ stated 4 major approaches to class II problems in adolescents
as follows:

- Growth modification with headgear or functional appliance

- Three variations of tooth movement

- Retraction of maxillary incisors into a premolar extraction space

- A combination of retraction of the upper teeth and forward movement of
lower teeth

- Distal movement of maxillary molars, and eventually the entire upper

dental arch

First of all, growth modification is a successful treatment in growing patients.
Refer to the cephalocaudal gradient of growth, the more growth occurs in the lower limbs than the
upper limbs in the post natal life.* This phenomenon reflects to a differential jaw growth and can

apply in correction class II malocclusion.

The example of an appliance is headgear which can modify growth of maxilla
and maintain or distalize maxillary teeth whereas allowing differential growth of mandible.
Moreover a growth modification by removable or fixed functional appliances, holding the
mandible in forward position to correct class II malocclusion is another approach to stimulate

growth of mandible.

Fixed appliances with class II elastics is a procedure to move lower teeth

forward and retract upper teeth at the same time, resulting in effect of class II correction.



Premolar extraction is often used to retract upper incisors to premolar extraction space and

protract the lower molars to create dental class I relationship.

Finally, distal movement of upper molars can correct class I molar malocclusion
and provide space into which the other maxillary teeth could be retracted. This method can be

accomplished with many appliances.
The distalization appliances
Headgear

Headgear that is an extraoral traction appliance composes of 3 types base on the
line of action of the force: High pull, combi pull, and cervical pull. The high-pull headgear
produces mostly intrusion of the upper molars with hardly any movement posteriorly. The combi-
pull headgear has principally a sagital effect whereas, the cervical pull delivers extrusion and
posterior displacement of the molar.” It was widely accepted that headgear has been used to

correct class Il malocclusion not only from orthodontic effect but also create orthopedic effect.

Fig. 1 The high-pull headgear and cervical-pull headgear4

Although headgear has several advantages such as extraoral anchorage, easy
application, the treatment success depends on patient co-operation. This method require wearing

the headgear 12-14 hours per day but only half of patients follow the dentists’ prescribed time.’
Pendulum

Pendulum was first proposed by Hilger in 1992.” This appliance consists of a
Nance button and four occlusal rests that will be bonded on the occlusal surface of the premolar
teeth or deciduous molars. The pendulum’s active component that moves the molar posteriorly is

TMA 0.032” spring, inserting to the lingual sheath of the molar band. The springs were activated



only one time of approximately 60 degree to produce a force of 230 gm per side.

Fig. 2 Pendulum”

Many studies claimed that pendulum has many advantages including molar
distalization with minimal dependence on patients’ compliance, ease of fabrication and one time
activation. However, pendulum creates distal tipping of maxillary first molar and anterior tipping

of the premolars and undesirable anterior displacement of the anterior teeth.’
Acrylic cervical occipital (ACCO)

ACCO developed by Dr. H Margolis. The appliance consists of an acrylic palatal
section to discrude the posterior teeth, modified Adam’s clasp on the premolar teeth, labial bow
across the anterior teeth and finger springs against the mesial aspect of the first molar. The finger
springs can be made of round or rectangular wire and when activated of finger springs create no
more than 100-125 g of force. The appliance is intended to be worn 24 hours a day, except during

meals that co-operation with extraoral traction force from cervical pull headgear at night.9

Fig. 3 Acrylic cervical occipital2

The purpose of appliance fabrication was intended to apply a constantly acting
force that enhances the rate of molar movement and provide asymmetrically molar distalization.

However, Patients’ compliance and distal tipping are indicated when using this appliance.g’10



Superelastic NiTi coil

Gianelly et al 1991" proposed superelastic NiTi coil springs that exert
approximate 100 g of force to move maxillary molar distally. The springs are placed between the
first premolars and first molars on 0.016x0.022 wires with stop that abut the distal wings of the
premolar bracket. The coil springs are activated 8 tol0 mm. by compressing and maintaining
against the molar by crimpable hooks or Gulin locks. In addtion a-Nance type appliance is cement
onto the first premolar and bite plate is added to incisal portion to disclude the posterior teeth
slightly. To enhance the anchorage further, an 0.018” uprighting spring is placed in the vertical
slot of premolar bracket slot and class II elastics will be used in case of second molars are

erupted.

Fig. 4 Superelastic NiTi coil?

Papadopoulos et al,"indicteded that this appliance is simple intraoral appliance
in the means of distalizing first and second maxillary molar simultaneously with minimal
patient’s cooperation. However, it presented some disadvantages in terms of anchorage loss in

anterior segment and distal tipping of the molars.
Jones Jig

Jones Jig is an appliance composing of an active arm and an anchorage unit. To
activate an appliance, the sliding hook is tied back with ligature at the molar bracket and an open
NiTi coil spring was compressed 1-5 mm. within 0.030” stainless steel wire. This system delivers
approximate 70-75 g of force per side to the molars.” At the anchorage unit, a modified Nance a
palatal button co-operated with 0.036” stainless steel wire is critical to the used of the Jones Jig
that a conventional Nance button can be attached to either the first premolar or deciduous second

14
molars.



Fig. 5 Jones jig .

In 1992 Jones and white"* reported the using a sectional jig in correction of class
IT molar relationship to class I in 120 to 180 days. This intraoral appliance can provide rapid
molar movement, also. The demand of patient cooperation is minimal and the force application is
continuous. However, a slight forward movement of the premolars and the anterior teeth, as well

as the increased mandibular plane angle were observed."’
Superelastic NiTi wire

Locatelli et al in 1992' used the superelastic NiTi wire with shape memory
(Neosentalloy) to move molar distally. The superelastic NiTi wire ia an 0.018”x0.025” inch wire
that also applies 100 g of force.”” A wire will be placed and deflected gingivally in an area
between first premolar and first molar. To set an anchorage unit, an archwire was crimped with
the hooks between lateral incisors and canines, and patient was instructed to use 100-150 g class

II elastics against the first premolar.

S

Fig. 6 Superelastic NiTi wire!”



In 1998, Giancotti and Cozza' proposed Nickel Titanium double loop system
consists of two Neosentalloy superelastic NiTi wires for simultaneous distalization of maxillary
first and second molars. An 80 g Neosentalloy lower archwire is placed on the maxillary arch and
compressed. Maxillary molars and premolars are banded, uprighting spring are inserted into the
vertical slot of first premolar and class II elastics (6 0z., 5/16”) are placed between the mandibular
first molar and the maxillary canine bracket hooks. However, there was no study of treatment

effect of this system.

Fig. 7 NiTi double loop system'8

To control the anchorage situation in this appliance, the mechanic of

uprighting springs are used as follows:
The uprighting spring

In the Begg techniquew, a preformed uprighting spring which made of a 0.020”
Australian wire is inserted into the vertical bracket slot and activated by hooking onto the
archwire for upright the canine root after tipping the crown into the spaces. Activation of
uprighting spring is an extending the arm of spring, forming a 60-70 angle to the base of

archwire. After activated, an uprighting spring express a force of 200-250 g.

With the differential moment concept, Gianelly et al.” modified the uprighting
springs to use in edgewise brackets with vertical slots. The spring will rotate slot of bracket
within the limit of the wire/bracket relationship and tooth inclination will be changed. The
uprighting spring is used for anchorage support while mesialize the posterior teeth by tipping the

root of canine into the space, resulting in increased anchorage of anterior teeth.



The effect of distalization appliances

From many literatures, the treatment effects of the distalization appliances can

summary as follows:
Macxillary molar movement

The rate of maxillary molar distalization was reported in several studies. Fuziy et
al in 2006 evaluted the amount of molar distalization received by Pendulum appliance. The study
demonstrated that the rate of maxillary molar movement was 1.23 mm./month. Gianelly et al"
used Japanese NiTi open coil springs in continuous archwire and reported a mean molar
movement of 1 to 1.5 mm/month. The study of Gulati et al in 1998" presented the rate of

maxillary molar distalization with sectional jig assembly 0.86 mm/month.

Various amount of upper molar distalization was seen in many studies. In 1978,
Melson' studied the effect of cervical pull headgear, showing the maxillary molar moved 3.75
mm. distally. Greater movement was found in the study of Fuziy et al in 2006.” In the treatment
group of Pendulum appliance was shown the amount of upper molar distalization 4.6 mm.
However, 14 patients treated with Jones jigs, the mean maxillary molar distalization was reported

only 1.4 mm. by Papadopolous et al, 2004"

As known that while using the distalization appliance, there is a vertical
movement of maxillary first molar teeth in the same time. So many studies reported the amount of
vertical movement of maxillary molar in the distalization appliance. The study of Melson in
1987', 1.42 mm. of extrusion was found when using the cervical pull headgear. Gulati et al'
reported 1.60 mm. extrusion when using sectional jigs assembly in 10 subjects. On the other
hand, there was an intrusion of maxillary molar in many studies of Pendulum appliances. For
examples, the study of Ghosh and Nanda in 1996’ revealed the intrusion of maxillary first molar

0.1 mm.

The distal tipping of maxillary molar was also simultaneously found.
Brondemark and Karlson in 2005” reported the distal crown tipping 3° of maxillary first molar
when treated with cervical pull headgear by implant method. Ghosh and Nanda® found tipping of

maxillary first molar 8.36° relative to SN plane. In the study of Ferro et al', 70 per cent of 110



cases treated with ACCO had 3.93° distal tipping relative to palatal plane. Likewise, 3.50° distal

16

tipping relative to the SN plane was found in the study of Gulati et al in 1998.
Anchorage loss

While distalization of maxillary first molar, there is also a reciprocal force that
exert to the group of anterior teeth segment, causing mesial movement of anchorage unit. In this
situation, anchorage loss was seen with mesialization and mesial tipping of premolar teeth and

1NCISOrs.

The amount of mesialization of first premolar and upper incisors were reported
during upper first molar distalization. In the study of Ghosh and Nanda’, there was the reciprocal
mesial movement of the first premolar 2.55 mm. and 0.65 mm. at maxillary incisors when using
pendulum appliance in 41 subjects. In addition, Gulati et al'’ reported the effect of sectional jigs
assembly that the maxillary first premolar move forward only 1.10 mm. However, Brickman et
al”’ presented the effect of Jones jig compared with cervical headgear. The results presented no
significant difference of final position in either linear or angular measurements of the maxillary
first molars and corresponding premolar-incisor anchor units. From this study, there were mesial

movement of maxillary first premolar and incisors 2 and 0.14 mm., respectively.

Mesial tipping of upper first premolar and upper incisors are the results of the
reciprocal force, derived from anchorage loss. In the group of Pendulum appliances, Ghosh and
Nanda’ reported only 1.29° upper first premolar mesial tipping with labial tipped of upper incisor
2.40°. Whereas, the greater of labial tipping of upper incisors (4.9°) was found in the study of
Joseph and Butchart.”* The similar result was found in the Jones jigs appliances, Brickman et al”
presented 4.76° of mesially tipped of maxillary second premolar and the mesial tipping of second

premolar 2.6° was found in the study of Gulati et al.'’
Patient selection for molar distalization

With non-extraction treatment, patients should be carefully selected to be treated
by molar distalization. This type of tooth movement can either be translation or control tipping
followed by uprighting. Therefore when using this appliances, anchorage situation include molar

extrusion and mesial movement of anterior teeth segment must be controlled.



10

However, molar extrusion is one of the most common method to correct
deepbite and it is an efficacious method for bite opening. Even though an anterior deepbite may
be associated with other of malocclusion, it was found that deepbite frequently occurs with class

IT malocclusion.

Patients to be treated by distalization technique should be”a dental class II
relationship or a minor skeletal class II or class I relationship with hypodivergent or
normodivergent pattern, class II relationship with mesial migration of maxillary molar due to
premature loss of primary molars, a patient with minimal or no mandibular arch length

discrepancy and meso- or brachi-facial types and potential remaining growth.

Objectives
1. To develop a system for maxillary molar distalization and extrusion without
loss of anchorage, patient’s cooperation needed and laboratory processing.
2. To present the treatment effects of this system.

Hypothesis

1. The system can move maxillary molars distally and occlusally.

2. There is no anchorage loss in premolar and upper incisors.

Significance of the study

The molar distalization and extrusion system is another option for correcting of a
class II malocclusion with deepbite in growing patients that is non-compliance method and no

need for laboratory procedure.

The limitation of the study

This system provides only the orthodontic effect for upper molar distalization
and extrusion and it cannot be applied to the adult patients because there is no compensatory

mandibular growth to rotate the mandible from the extrusion of maxillary molar.
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CHAPTER 2
RESEARCH METHODOLOGY
Samples

The patients, boys and girls, age range from 10-14 years were randomly
selected from Orthodontic clinic, Dental hospital, Faculty of Dentistry, Prince of Songkla

University.

The inclusion criteria for this study are as follows:

- Good general health, no underlying disease.

- Class II molar relationship (did not exceed end to end molar
relationship)

- Skeletal class I or class II relationship with hypodivergent or
normodivergent pattern, defined by angulation of mandibular plane to SN did not
exceed 35 degree.
- During MP, stage (maximal pubertal growth status has not yet reached).
The patients were assessed by hand & wrist radiographic examination.
According to the method of Grave and Brown™, the epiphysial region of the
middle phalanx of the third finger shows epiphysis equal to diaphysis.

- All of teeth in maxillary arch are presented and fully erupted.

The exclusion criteria for the study are as follows:

- End stage of growth

- Patient who has a pathologic lesion in the maxilla.

- In case of maxillary first molar has some unwanted position such as

severe rotation that affect treatment plan and treatment time.
Sample size calculation

The sample size was calculated from the formula of Kittika’ in 1999:
Sample size (n) = (Z,.q, + Z(I_B))ZG2 diff
@ - ;1)2
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The values of parameters are taken from the study of Gulati et al' as follow:
;2 - ;1 (difference of mean between before and after treatment) is 2.75

O diff (standard deviation of total change) is 3.24

The level of significance of the change is established at 95%.

The power of the test in this study is established at 80%.

From this formula, the required sample size was 11 patients per group.

From the sample size calculation, however, there were 26 patients of orthodontic
clinic, dental hospital, faculty of dentistry, prince of Songkla university and met the inclusion
criteria, they were invited to join this project. All patients and their parents were informed about
the purpose of this study and steps of treatment and signed in the consent form. This study was
proved and accepted by the ethics committee of the faculty of dentistry, prince of Songkla

University.

To evaluate the treatment effects on class Il malocclusion growing patients, a
comparison between before and after upper molar distalization and extrusion in treatment group
and untreated patients (control group) and treatment group were done. The control group derived
from the patients in growth monitoring project that waiting for treatment at orthodontic clinic,
dental hospital, faculty of dentistry, prince of Songkla University

1. Control group: 6 male and 7 female were observed for 6-12 months.

2. Treatment group: 6 male and 7 female were treated with the maxillary molar

distalization and extrusion system until class II malocclusion was overcorrected

into Class III relationship of 1 mm.

Material and methods

System design

The maxillary molar distalization and extrusion system comprises of:
- Roth’s prescription preadjusted edgewise bracket system. The bracket slot of
canines, premolars and molars are 0.022”x 0.028” inches. The bracket of

premolar teeth must have a vertical slot for uprighting spring application. The
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brackets slots of upper incisors are 0.018” x 0.025” inches and there were bonded
upside down. The upper canines were bonded with the lower canine brackets.
-0.0177x 0.025” TMA archwire with
- Distal L loops in front of mesial wing of the upper first molar brackets
- Stop bending behind the distal wing of the upper canine brackets
- 0.016” Stainless steel uprighting springs (clockwise rotation) in the vertical
slots of brackets of the first and second premolar teeth
- The second premolar from the left side to the right side were coligated with the

0.010” stainless steel wire to create anterior anchorage unit.

Fig. 8 The overall components of maxillary molar distalization and extrusion system

Treatment protocol

Roth’s prescription preadjusted edgewise bracket system with 0.022”x 0.028”
inch slot were bonded from the canine to the molars with vertical slot in the first and second
premolar brackets for uprighting springs application. In the area of upper incisors teeth will be
upside down bonded with 0.018” x 0.025” inch slot in the incisors brackets. The upper canines

were bonded with lower canine brackets.

The patients’ teeth were aligned and leveled. The archwire was changed until the
size of arch wire was 0.0167x0.022” NiTi wire. Before maxillary molar distalization and
extrusion, the teeth from the second premolar on the right side to the left side were coligated to be
one unit by 0.010” stainless steel wire, then 0.0177x0.025” TMA wire with stop and distal L loop
was used for the main archwire. The upright springs were placed in the vertical slot of the first

and second premolar on the both sides.
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The patients were recalled for routine checks every 4 weeks. In each visit, the
distal L loop were reactivated 1 mm. for distalized and extruded upper first molars and the
uprighting springs were readjusted to maintain the initial configuration. The archwire was
readjusted and reactivated until the patients’ occlusion were overcorrected in dental class III

relationship 1 mm.

Fig. 9 The configuration of distal L loops in first, second and third visit of treatment

Pilot study was done to test the distalization and extrusion force that produce
from distal L loops by universal testing machine. Sectional archwire with various sizes of distal L
loops were tested for the appropriate size that can produce the optimum force. Each sectional
archwire was placed and tied with elastomeric ring in an acrylic plate that fixed with premolars
and molar brackets. Then the acrylic plate was fixed in the platform. Force was measured and

will be applied in the clinic.

Fig. 10 Universal testing machine and testing method
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The pilot study shown distal L loop exerted the horizontal force about 60 g and
vertical force about 30 g. Hence the force level that applied in the clinic to move maxillary molar

distalization and extrusion was 70 g.

From literature reviews, there are many force levels used in each distalization
appliances. The Jones jig is a fixed distalization appliance that expressed lowest force level from
a compression of open NiTi coil spring 1-5 mm. in 0.030” stainless steel wire. This appliance
delivers approximate 70-75 g of force per side to the molars.” Thus, the new maxillary molar

distalization and extrusion system used the same force level as Jones Jig appliance.

On the anchorage unit, to obtain the same force level derived from a reaction
force. The pilot study was done to calculate the force level from uprighting springs. Before
activation, the springs were made by the investigator. The length of arm is 5 mm. with forming 25
degree angle to the base of archwire. When activated, the spring exerted the force of 70g. From
the study of Halazonettis™, the center of resistance of the upper premolar tooth located 10 mm.

from the bracket slots. So the moment of force from the uprighting spring is 700 gmm.
Data measurement

Data was gathered from the control and treatment group for evaluation the
treatment effect. In the control group, the growth monitoring records were taken in the periods of
6-12 months (C1 at the initial and C2 for after growth monitoring). In the treatment group, the
records were kept 3 times, first at the initial (T0), second at before distalization and extrusion of

maxillary molars (T1) and final record when obtaining dental class III relationship of 1 mm. (T2).

Data recording requirement are as follow:
- Photograph taking (Intraoral and extraoral photograph)
- Study model
- Radiographic examination
- Lateral cephalogram
- Panoramic radiograph

- Hand & Wrist radiograph (at the initial record)
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For precise measurement of tooth angulation and separating right and left side,
tooth positional locating devices (wire jigs) were fabricated from section of 0.021” x 0.025”
stainless steel wire. The horizontal part was inserted on the slot of the bracket of the upper first
premolars and upper first molars before sending patients to take T1 and T2 radiograph. The
vertical part of the wire jigs was bended perpendicularly to the teeth angulation. On the right side,
the wire jigs were bent into a circular shape but the rectangular shape was represented for the left

. 29
side.

Fig. 11 The tooth positional locating devices

All radiographs were taken with the same cephalostat (Orthophos® CD,

Siemens, Germany). Lateral cephalometric films were taken from natural head position which the
patients looked straight ahead into a mirror. The patients were observed to ensure the position of

pupil is in the middle of the eye, and the head did not be tilted or tipped.

Cephalometric analysis

The analysis of treatment effects was investigated from the tracing of the lateral
cephalogram before and after completely treated with maxillary molar distalization and extrusion
system. These data was compared with the data in the control group. The cephalometric system
described by Pancherz”'was used and modified to analyze the treatment effects. The landmarks
show in Figurel0. The magnification factor of the lateral cephalograms was similar for the
treatment and control groups. The tracings were done on acetate paper and then, reference points
and lines were marked with 0.3 mm in diameter of mechanical pencil by one observer to avoid
interoperate errors. The measurement for each variable was made with cephalometric protractor.

Linear measurements were made to the nearest 0.5 mm and 0.5° of angulation on acetate tracing

paper.
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The treatment effects of the system were assessed by using cephalometric

- Horizontal changes of the maxillary landmarks (a positive value
indicates a mesial movement and a negative value indicates distal movement.)

- Vertical changes of the maxillary landmarks (a positive value indicates
an extrusion and a negative value indicates an intrusion.)

- Angular changes of the maxillary landmarks (a positive value indicates a

mesial tipping and a negative value indicates a distal tipping.)

When all measurements were calculated, horizontal and vertical movement

within a month will be converted to the rate of upper molar distalization and extrusion.

Measuring points

- Is (incision superius): The incisal tip of the most maxillary incisor

- Ps (molar superius): The mesial contact point of the maxillary first
premolar

- Ms (premolar superius): The mesial contact point of the maxillary first
molar

- Ss (Subspinale): The deepest point on the anterior contour of the
maxillary alveolar projection determined by a tangent perpendicular to occlusal

line.

Reference points
- N (nasion): The most anterior limit of nasofrontalis suture

- S (sella): The center of sella turcica. The point was used as registration

point for all head films.

Reference lines

- SNL (sella-nasion line): The line through S and N. The line was used for

orientation of all head films.
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- OL (occlusal line): A line through incisal tip of maxillary incisor (Is)
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.

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

- OLs: A line parallel to OL through S. The line from the initial head film

will be used as reference line for measurements on all head films.

Measuring procedure

The cephalometric analysis comprises the following variables:

Sagittal distances

1. 1/OLp: The distance from OLp line to the incisal tip of maxillary
incisors
2. 4/OLp: The distance from OLp line to the mesial contact point of

maxillary first premolar
3. 6/OLp: The distance from OLp line to the mesial contact point of

maxillary first molar

Vertical distances

4. 1/OLs: The distance from incisal tip of the maxillary incisors
perpendicular to the OLs line
5. 4/OLs: The distance from the lowest of the maxillary first premolar
perpendicular to the OLs line
6. 6/OLs: The distance from the lowest of the maxillary first molar

perpendicular to the OLs line
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Angulation ®)

7. 1/NSL: The angle of the intersection of the long axis of the maxillary
incisors

8. 4/NSL: The angle of the intersection of the long axis of the maxillary
first premolar

9. 6/NSL: The angle of the intersection of the long axis of the maxillary

first molar

A

Fig. 12 Cephalometric landmarks for investigated treatment effects: A. Horizontal measurements,

B. Vertical measurements and C. Angular measurements
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Fig. 12(Cont.) Cephalometric landmarks for investigated treatment effects: A. Horizontal

measurements, B. Vertical measurements and C. Angular measurements

Because there was a combination of skeletal and dental changes in an observation

period, changes of measuring points in relationship to reference plane were registered by
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calculating the difference (d) in the landmark position. So the variables only for the dental

changes were calculated as follows:”

10. 6/0Lp(d)- SS/OLp(d): Horizontal change in position of the maxillary
first molar
11. 6/0OLs(d)- SS/OLs(d): Vertical change in position of maxillary first

molar

Statistical analysis

All data was analyzed with R statistical program. Mean and standard deviation
(SD) were calculated for all cephalometric variables. Means of cephalometric variables in the
treatment group at pre-treatment were T1 and the post-treatment variables were T2 whereas in the
control group the pre-observe variables were C1 and the post-observe variables were C2. The
means in difference were compared within group (T1 and T2, before and after maxillary molar
distalization and extrusion) and between treatment group (T2-T1) and control group (C2-C1) by ¢

test at alpha significance level of 0.05.
Error measurement

The errors in locating, superimposing and measuring the changes of the
reference points by an examiner were measured on the cephalograms. To assess the error of
locating, ten cephalograms were retraced and remeasured after approximately two weeks in
separate occasions by the same examiner. The error of the method by the Dahlberg formula’ did

not exceed 0.5°%r 0.5 mm.””

Method error (ME) in locating, superimposing and measuring the changes of the

different cephalometric landmarks will be calculated with the formula.
ME =(gd”/2n)

When d is the difference between 2 registrations of a pair, n is the number of
double measurements. The error in this study was found to be 0.25 mm. for linear measurements,

0.33° for angular measurements.
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CHAPTER 3

RESULTS

In this study, a maxillary molar distalization and extrusion system was
developed for class II malocclusion correction. All patients were divided into 2 groups (the
treatment and control group). The cephalometric records of both groups are presented in Table 1.
Before the examination periods, no statistically significant differences between the treatment and
control groups were found for any of the cephalometric variables investigated. However, from the
statistical test of all variables, there was a normal distribution. The mean and standard deviation
(SD) of the variables were presented. The treatment and control groups also were compared

means in difference at alpha significance level of 0.05.

Fig. 13 The intraoral photographs before (right) and after (left) maxillary molar

distalization and extrusion

The thirteen untreated patients (six male and seven female) in the control group
derived from the growth monitoring project. The mean initial age was 11.38+0.96 years, range
from 10 to 14 years. The average observation time in this control group was 8.77+3.09 months,
range from 6 to 12 months. However, all patients in this group were finally treated with their
proper treatment plan after ending their observation periods. The samples in the treatment group
comprised of thirteen patients (six male and seven female) same as the control group. The mean
pretreatment age was 12.08 + 1.38 years, range from 10 to 13 years. Table 2 presents no

statistically significant difference for the mean initial age in the both groups.
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Table 1 Pretreatment cephalometric records of the treatment and control groups

Treatment Control
Parameter t Sig.
Mean SD Mean SD

SNA 82.69 2.72 84.08 3.03 1.17 NS
SNB 78.92 3.13 79.5 2.00 0.56 NS
ANB 3.85 1.94 4.58 2.00 0.95 NS
SN-MP 30.69 3.25 30.85 2.73 0.13 NS
Occl-SN 16.08 3.48 15.92 3.86 -0.11 NS
NSGn 66.38 2.84 66.00 2.12 -0.40 NS
Ul to PP 127.00 6.23 125.31 5.36 -0.74 NS
LI to MP 97.77 7.07 102.38 6.38 1.75 NS

NS No significant difference

Table 2 The initial age of the treatment and control groups

Group Mean SD Range t Sig.
Treatment 12.08 1.38 10-13
-1.48 NS
Control 11.38 0.96 10-14

NS No significant difference

Treatment group

The upper molars were distalized and extruded to an overcorrected class III
molar relationship of 1 mm. Treatment time for upper molar distalization and extrusion were
3.35£0.47 months and 3.08+0.76 months, respectively. The mean distance of upper molar
distalization was 3.46+0.88 mm. range from 2 to 5 mm. and they extruded 1.60+£0.44 mm. There
was a distal molar tipping at a 3.10+1.85 degree. The rate of upper molar distalization and

extrusion were 1.06+0.31 and 0.54+0.13 mm. per month, respectively.
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Table 3 presented descriptive statistics of cephalometric measurements at before
and after upper molar distalization and extrusion. There was a statistically significant difference
(P<0.01), of the horizontal, vertical position and angulation of the upper molar between before
and after upper molar distalization and extrusion. The upper molar were effectively distalized,
extruded and tipped distally. Table 4 presents the position of the left and right upper molars that
were both statistic significant differences (P<0.01) between before and after distalization and
extrusion. When comparing on the left and right side, no statistic significant differences in the

upper molar position shown in Table 5.

The upper first premolar moved distally 0.15+0.52 mm. and intruded 0.19+0.25
mm. with distal tipping 0.83+1.67 degree. Table 6 indicates no statistic significant difference
between before and after treatment for the upper first premolar distal movement and distal
tipping. However, the statistically significant difference (P<0.05) was found in vertical position of

upper first premolar though there was no clinically significant difference.

At the upper incisors, there was no horizontal movement but intruded 0.15+0.38
mm. with distal tipping 0.46+1.56 degree. Table 7 presents all variables revealed no statistically

significant differences between before and after upper molar distalization and extrusion.

Table 3 The position and angulation of upper molar before and after upper molar distalization

and extrusion

Before(T1) After(T2) T2-T1
Measurement t Sig.
Mean SD Mean SD Mean SD

6-OLp(mm.) | 57.36 4.19 53.90 4.01 -3.46 0.88 | -14.23 *x

6-OLs(mm.) 59.81 4.89 61.04 5.20 1.60 0.44 4.36 *x

6-SNL(deg.) 80.58 2.32 77.48 2.58 -3.10 1.85 -6.03 *x

**p <0.01
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Table 4 The position and angulation of right and left upper molar before and after upper molar

distalization and extrusion

Before(T1) After(T2) T2-T1
Measurement t Sig.
Mean | SD | Mean | SD | Mean | SD

Right side

6-OLp(mm.) | 57.38 | 4.51 | 53.96 | 4.18 | -3.42 | 1.00 -12.38 *x

6-OLs(mm.) | 59.84 | 498 | 61.19 | 5.21 1.58 | 0.40 5.14 *x

6-SNL(deg.) | 80.77 | 2.28 | 77.69 | 2.56 | -2.92 | 1.98 -6.16 *x

Left side

6-OLp(mm.) | 57.35 | 424 | 53.85 | 4.20 | -3.50 | 0.87 -14.57 *x

6-OLs(mm.) | 59.77 | 4.82 | 61.08 | 5.06 | 1.62 | 0.51 4.25 *x

6-SNL(deg.) | 80.38 | 2.51 | 77.27 | 2.83 | -3.12 | 1.96 -5.73 *x
**P <0.01

Table 5 The position and angulation of upper molar between left and right sides

6-OLp(mm.) 6-OLs(mm.) 6-SNL(deg.)
Sig. Sig. Sig.
RT LT RT LT RT LT
T2- | Mean | -3.42 | -3.50 1.58 1.62 -2.92 -3.12
NS NS NS
T1 SD 1.00 0.87 0.40 0.51 1.98 1.96

NS No significant difference

Table 6 The position and angulation of upper first premolar before and after upper molar

distalization and extrusion

Before(T1) After(T2) T2-T1
Measurement t Sig.
Mean SD Mean SD Mean SD

4-OLp(mm.) | 69.88 3.45 69.73 3.62 -0.15 0.52 -1.08 NS

4-OLs(mm.) | 59.79 3.44 59.60 3.49 -0.19 0.25 -2.74 *

4-SNL(deg.) | 89.46 4.54 88.63 4.50 -0.83 1.67 -1.79 NS

NS No significant difference, *P < 0.05
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Table 7 The position and angulation of upper incisor before and after upper molar distalization

and extrusion

Before(T1) After(T2) T2-T1
Measurement t Sig.
Mean SD Mean SD Mean SD
1-OLp(mm.) 86.42 6.54 86.42 6.73 0 0.58 0 NS
1-OLs(mm.) 59.50 3.80 59.35 3.73 -0.15 0.38 -1.48 NS
1-SNL(deg.) | 119.15 6.18 118.69 6.17 -0.46 1.56 -1.07 NS

NS No significant difference

Control group

At the mean observation time 8.77+3.09 months of the control group, There

were a mesial movement of upper first molar 1.18+1.03 mm., extrusion 1.58+0.61 mm. with

molar mesial tipping 0.46+2.11 degree. The rate of upper molar mesialization and extrusion were

0.224+0.14 and 0.19+0.08 mm. per month, respectively. Table 8 demonstrates that a comparison

between pre and post-observation time presented statistically significant differences (P<0.01) in

the horizontal and vertical movement of upper molar but no statistically significant difference in

the molar angulation.

Table 8 The position and angulation of upper molar at before and after observation periods

Before(C1) After(C2) C2-Cl1
Measurement t Sig.
Mean SD Mean SD Mean SD
6-OLp(mm.) 52.96 4.06 54.77 4.47 1.81 1.03 6.32 Aok
6-OLs(mm.) 57.15 3.08 58.73 3.13 1.58 0.61 9.37 Aok
6-SNL(deg.) 74.46 5.30 74.85 4.26 0.46 2.11 0.73 NS

NS No significant difference, **P < 0.01
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The comparison between treatment and control groups

According to Pancherz’s analysis30, the dental measuring points were
represented for a combination of skeletal and dental changes. So the real dental changes within
the maxilla were calculated. Furthermore, to present the treatment effect of an upper molar
distalization and extrusion system, the comparison between the treatment and control group was

analyzed in the same examination periods.

When adjusting the upper molars movement with the control group in the same
period of time, the upper molar was distalized 3.66 mm., extruded 1.09 mm. with distal tipping
3.56 degree. Table 9 presents the treatment effect of a maxillary molar distalization and extrusion
system and descriptive statistics of cephalometric measurements between treatment and control
group. There were statistical significant differences (P<0.01). in all variables between treatment

and control group.

Table 9 Treatment effects of maxillary molar distalization and extrusion system between

treatment and control group

Upper Treatment effect
Treatment Control
molar (Group difference)
movement Mean SD Mean SD Mean t Sig.
Horizontal -3.46 0.08 0.31 0.20 -3.66 15.12 ok
Vertical 1.60 0.44 0.51 0.10 1.09 -9.34 ok
Angulation -3.10 1.85 0.46 2.11 -3.56 4.57 *ok

**P <0.01
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CHAPTER 4
DISCUSSIONS

In the patient with class II malocclusion and deepbite, molar distalization is one
of the treatment strategies that correct class II malocclusion back to a dental class I relationship.
In cases of hypo-or normodivergent patients, molar extrusion can also improve deepbite. Several
methods have been developed including cervical pull headgear, a Pendulum, a Jones jig and open
coil springs. However, the treatment success depends on the patient’s complying and follows the
prescribe time using headgear or class II elastics. Several appliances have to deal with many steps
in banding and processing in the laboratory room. Moreover, many problems have been reported
such as social concern, safety use, discomfort, and anchorage loss’. Therefore, the aim of this
study was to develop the non-compliance maxillary molar distalization and extrusion system with
no need for patient co-operation and no need for banding, laboratory processing and present the

treatment effect of this system.

From the study of Locatelli et al"’ presented that superelastic NiTi wire
expressed 100 g per side for distalize upper molars. With this new system, the distalized and
extruded force was reduced to 70 g per side and the 0.017” x 0.025” TMA archwire with distal L
loop was chosen. When the distal L loop was activated, the upper molars were distalized
simultaneously with extruded. Consequently, the class II malocclusion and deepbite were
corrected at the same times. Moreover, the effect of step bending at distal L loop creates distal

tipping of upper premolars that is an advantage in class II malocclusion correction.

As the upper molars were distalized and extruded, there was a reaction force
against the anterior teeth segment. There would be an anterior teeth proclination and mesialization
of upper premolars which was an anchorage loss. To control an anchorage, upper incisors were
upside down bonded with 0.018” x 0.025” inch slot brackets, upper canines were bonded with
lower canine brackets and the teeth from the second premolar on the right side to the left side
were coligated to be one unit by 0.010” stainless steel wire. With non-compliance system, 0.016”
stainless steel uprighting springs (clockwise rotation) were placed in the vertical slots at both

sides of the first and second premolar brackets.
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From pilot study, distalized and extruded force that derived from universal
testing machine was 70 g. It comprised of 60 g. horizontal force and vertical force of 30 g.
However, during distal L loop activation, there was a moment creation simultaneously with
distalized and extruded force. That was a limitation of this pilot study that cannot calculate the

amount of this moment.

In this study, Pancherz’s cephalometric analysis30 was used and modified to
analyze the treatment effects of this system for both before and after treatment measurement.
Each linear measurement was performed to the same references lines making it suitable for
evaluate the relationship of composite movement between skeletal and dental changes and for
eliminate the orthopedic tooth displacement due to the growth and remodeling changes of the

maxilla. Hence, the real dental changes within the maxilla were presented.

Furthermore, in cephalometric study involving treatment in the growing
patients, it was reasonable to distinguish a treatment effect from growth that would occur during
the treatment.” So the comparison between the treatment and the control group was designed in
this study and the treatment effect of this system was proposed. However, all patients in the
control group were finally treated with their proper treatment plan after ending their observation

periods.

From the results, the new maxillary molar distalization and extrusion system is
capable to distalize and extrude the upper molars 3.46 mm. and 1.60 mm., respectively. There
was a distal molar tipping 3.10 degree. The distalization treatment time was 3.35 months whereas
the extrusion treatment time was 3.08 months. The rate of molar distalization and extrusion were
1.06 and 0.54 mm. per month, respectively. These findings were comparable with cervical pull
headgear. Taner et al in 2003™ reported that the upper molars were distalized 3.15 mm., extrude
1.42 mm. with distal tipping 6.96 degree. Their total treatment time was 11.38 months that was
more than this study. Bondemark and Karlsson® found the molar distalization 1.7 mm. within 6.4
months. The study of Gandini et al” reported that the rate of molar distalization was 0.34 mm. per
month. To compare this new system with cervical pull headgear, the new maxillary molar
distalization and extrusion system can move the upper molar distally and occlusally more than the

cervical pull headgear in shorter period of time and no need for patient co-operation.
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When comparing with other intraoral appliances, a Pendulum can move molar
distally 2.8 mm., occlusally 0.95 mm. with distal tipping 7.85 degree during 2.5 months. A Jones
jig move the maxillary molars 2.8 mm. distally with 6.8 degree distal tipping within 17.5 weeks.”’
The mean molar distalization distance from open coil springs was 1.4 mm. with distal tipping 6.8
degree in a mean treatment period of 16.5 weeks.”” The rate of molar distalization from Pendulum
varies from 0.6-0.8 mm. per month.”*"** while the rate of a Jones jig and open coil springs were
0.86 and 0.37 mm. per month, respectively.ls” ' However, comparing the distance and rate of
molar distalization, this new system can move upper molar distally more distance than other

appliances with better rate of tooth movement.

During molar distalization and extrusion in this system, 3.10 degree distal
tipping was observed. This finding was in accordance with many studies. Haydar and Uner %
reported that cervical pull headgear distalized and extruded upper molars with 3.80 degree distal
molar tipping. A study of Pendulum by Bussick and McNamara® found 10.6 degree tipping while
an open coil spring moves molar distally tipping with 6.80 degree.13 From the point of
biomechanic tooth movement, exactly, when the distalized force acts on the upper molars, the
force will be placed beneath the center of resistance of this teeth. So the distalized force and
clockwise rotation moment will be created resulting in the molars were distalized simultaneously
with distal tipping. However, this system created the distal tipping of upper molars same as the

cervical pull headgear but lessor degree of molar tipping when comparing with other appliances.

Maxillary first premolar was distalized 0.15 mm., intruded 0.19 mm. with distal
tipping 0.83 degree. However, during upper molar distalization and extrusion in this study, the
upper first premolars did not tend to tip mesially as found in many intraoral appliancesn’ *such as
a Jones jig presented a mesial movement of upper first premolar 2 mm. with mesial tipping 4.76
degreeBand molar distalization with Pendulum moved upper first premolar forward 2.55 mm.

with tipped mesially 1.29 degree. ’

This study showed that upper first premolars were distalized and distal tipped for
small extent which no statistic significant differences between before and after treatment were
found. These findings could be a result of force and clockwise rotation moment derived from

uprighting springs on both upper first and second premolars. On the other hand, there was a
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statistically significant difference in vertical position of upper first premolars. The upper first
premolars were intruded while the distal L loop extruded upper first molars. However, the upper
first premolar intrusion was no clinically significant difference.

A mesial reaction force from upper molar distalization can cause mesial
movement and proclination of upper incisors in many studies™ * such as upper incisors were
moved mesially 0.90 mm. and 3.6 degree proclination in a Pendulum appliance.8 However, this
study presented no horizontal movement of upper incisors but intruded 0.15 mm. and distal
tipping 0.46 degree. It was known that upside down bonded upper incisors and lower canine
brackets created a negative torque control in upper incisors and canines. Therefore, it was
possible that a negative torque brackets created clockwise moment to against a mesial reaction

force and moment that were created during upper molar distalization and extrusion.

In the control group, there was a mesial movement of upper molar 1.18 mm. and
extrusion 1.58 mm. with mesial tipping 0.46 degree within 8.77 months. The rate of upper molar
mesialization and extrusion were 0.22 and 0.19 mm. per month, respectively. These findings were
similar to the normal tooth eruption from many studies.”" Comparison with the treatment group,
forward movement and mesial tipping of upper molars was not found. Therefore, it was implied
that when treatment in this growing patient, this system can overcome the effect of normal growth
during treatment periods. However, from the normal growth of maxilla, there are forward and
downward movement with a parallel- vertical growth of dentoalveolar complex. Therefore,

normal tooth eruption can also come along with molar extrusion from this new system.

Therefore, the skeletal changes were eliminated both horizontal and vertical
variables from the initial composite results and the group difference between treatment and
control was done to calculate the real treatment effect of this new maxillary molar distalization
and extrusion system. Consequently, treatment effect this system were presented that the upper

molar were distalized 3.66 mm., extruded 1.09 mm. with distal tipping 3.56 degree.

When determining the success of this maxillary molar distalization and extrusion
system, although this system can only create the orthodontic effect to the patient, the upper
molars were distalized more distance than other appliances and this system created better rate of

molar distalization with non- compliance and no need for laboratory processing. In vertical plane,
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this system can extrude upper molars but not increase lower anterior facial height of the patient.
So muscle exercise is recommended while using this maxillary molar distalization and extrusion
system. Other advantage of this system was creating less molar distal tipping when comparing
with other appliance. However, this study did not evaluate the transverse changes of the upper

molar before and after treatment but there was no any transverse problem occurred in all patients.

Fig. 14 Extraoral photographs before (right) and after (left) maxillary molar

distalization and extrusion

For further investigation, because the sample in this study was less than the
others, > increasing of sample size is suggested although the results from this study had normal
distribution and small SD. Moreover, long term study is needed to evaluate the stability of the

upper molars after completed orthodontic treatment in these patients.

In class II malocclusion patient with hypodivergent pattern, molar distalization
and extrusion is the proper treatment that can improve deepbite and increase lower facial height.
However, when molars are distalized and extruded, It will be an observation of clockwise rotation
of mandible, increased mandibular plane angle and retruded chin."® So, the molar distalization and
extrusion is not indicated in a patient with hyperdivergent pattern.43 However, the mandible
would be return to the initial sagittal and vertical position, reflecting the inherit growth individual
pattern of each patient.44 So the remaining growth after molar distalization is necessary and

forward rotation of the mandible will be observed.”
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CHAPTER 5

CONCLUSIONS

A maxillary molar distalization and extrusion system can effectively correct
class II malocclusion with deepbite. The upper molars were significantly distalized and extruded
with no anchorage loss. This system was successfully developed with non- compliance method

and no need for laboratory processing.
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