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ABSTRACT

The molar distalization has been regularly used to correct Class II dental relation
to Class I occlusion. To achieve predictable result, the several of non-compliance molar
distalization appliances have been developed. Pendulum appliance is one of these appliances that
can distalized molar effectively. Beta-titanium wire is regular used for pendulum spring. When
compared among wires used in orthodontics, nickel titanium has the best force delivery due to its
constantly light continuous force. Better tissue respond is expected when nickel titanium is used.
However, in clinical practice, stainless steel wire with particular size and bending can possible
deliver similar type of force too. Objectives: To apply nickel titanium wire and stainless steel
wire as distal springs of pendulum appliance and to compare quality of tooth movement in terms
of type of tooth movement, rate of movement and the loss of anchorage during tooth movement
between pendulum appliances that using beta-titanium wire, nickel-titanium wire and stainless
steel wire as distal springs. Materials and methods: Twenty patients (4 male and 16 female)
with Class II molar relationships were selected and planned to correct by the maxillary molar
distalization. Patients were randomly divided in 2 groups, 5 patients for group I and 15 patients
for group II. For group I, maxillary molars were distalized by pendulum appliances using
0.018”x0.025” heat activated nickel-titanium [HANT] wire [NeoSentalloy F200™; GAC, Islip,
NY] that also generated 200g force and 0.032” preformed beta-titanium wire [TMA™; Ormco
corp, Glendora, CA] regular used for pendulum, as distal springs. In group II patient, the
pendulum springs were made by 0.018”x0.025” stainless steel [SS] wire and 0.032” preformed
TMA. All of SS and TMA spring were pre-activated about 60° and 45° respectively, to generated
200g force. Both groups of patient were recall every 4 weeks for SS and TMA springs

reactivated, to obtain 200g force, until molar relationship was slightly class III about 2mm for one

v)



side at least. The lateral cephalometric films were taken at the beginning [T1], before appliance
fixation, and after one of molars was moved to designed position [T2]. The right and left
maxillary first molars and first premolars in the films were identified with jigs that placed before
exposure. The films were traced and superimposted for each side. The amount of tooth movement
were compared between HANT and TMA spring in group I, SS and TMA spring in group II
using independent #-test. Results: From clinical observation, in group I patient, the HANT springs
showed unwanted tooth movement such as severe disto-buccal rotation, buccal expansion, palatal
cusp extrusion and very slow rate of movement. The HANT spring was redesigned but no
improvement was noticed so the experiment in group I was discontinued. In group II patient, the
mean age at the start of treatment was 17.13 + 5.99 years, range from 10 to 32 years. The average
activation time was 6.03+2.15 months. The maxillary first molars with SS and TMA springs
were moved distally 4.37+1.45mm and 4.57+1.58mm, distal tipping about 8.63°+5.31° and
10.97°+7.34° while some extrusion were found about 0.37+1.14mm and 0.50+1.09mm,
respectively, no statistically significant different found between SS and TMA springs. Whereas,
maxillary first premolars using SS and TMA springs were moved mesially approximate
0.50+1.32mm and 1.60+1.31mm, mesial tipped of 0.53°+3.25° and 1.30°+4.41° incorporated
with 1.07+1.27mm and 0.90+1.69mm extrusion, respectively, only mesial movement parameter
was found statistically significant different between two springs. Both types of spring were
generate rate of molar distalization about 0.80+0.31mm/month for SS spring and
0.83+0.31mm/month for TMA spring without statistically significant different. Conclusion: The
SS wire with particular size and bending can apply as distal spring of pendulum appliance with
comparable rate and type of maxillary first molar movement, but created less anchorage loss than
TMA wire. The HANT wire cannot apply as pendulum spring because the spring is too flexible
and moves in three dimensions at deactivation period. Key words: Molar distalization; pendulum

appliance; nickel titanium wire; beta titanium wire; stainless steel wire

(vi)



ACKNOWLEDGEMENT

I would like to express my gratitude to all those who gave me the possibility to
complete this thesis. Without their support, my ambition to study can hardly be realized.

I would like to express my deep and sincere gratitude to my supervisor, Assoc.
Prof. Dr. Chairat Charoemratrote who tireless helps, suggests and encourages me all the time of
researching for and writing this thesis. His wide knowledge and his logical way of thinking have
been of great value for me. His understanding, encouraging and personal guidance have provided
a good basis for the present thesis. As a result, research life became smooth and rewarding for me.

I would like to sincere thanks to Assoc. Prof. Dr. Chidchanok Leethanakul,
Assist. Prof. Wipapun Ritthagol, Assoc. Prof. Supanee Suntornlohanakul, and Dr. Songchai
Thitasomakul who supported cases commenced and finished in the thesis. If there was no their
support, some patients of this thesis were not.

This work would not have been possible without the support and encouragement
of my colleague and friend, Akanit, Anchariga, Chainarong, Eakachai, Pimpalak, Therawat,
Sudarat, Chatchalit, and Krissady, for take care the cases in this thesis. And I also thank all
friends for share the special time in my life.

I would like to extend my thanks to the dental assistants of orthodontic clinic at
Faculty of Dentistry, Prince of Songkla University for their help and kindness in assisting and
supporting during the long working in the clinic.

Especially, my deepest gratitude goes to my family for their unflagging love,
support and encouragement throughout my life; this dissertation is simply impossible without

them.

Panurat Limpasirisuwan

(vii)



CONTENTS

CONTENTS
LIST OF TABLES
LIST OF DIAGRAMS/ FIGURES
LIST OF ABBREVIATIONS AND SYMBOLS
CHAPTER
1. INTRODUCTION
- Background and rationale
- Review of Literature
- Objective
2. RESEARCH METHADOLOGY
- Sample
- Appliances design
- Materials and methods
- Cephalometric variables and analysis
- Dental cast analysis
- Statistic analysis
3. RESULTS
- Clinical observations
- Cephalometric analysis
4. DISCUSSIONS
5. CONCLUSIONS
BIBLIOGRAPHY
APPENDICES

VITAE

Page
viii

X

X1

11
12
14
16

17
18
22
29
30
33
39

(viii)



Table

LIST OF TABLES

Measurements [T1] compared between 0.018”x0.025”’SS and 0.032” TMA side
Effect of treatment on the maxillary first molars

Effect of treatment on the maxillary first premolars

Effect of treatment on the maxillary incisors

Activation time and rate of 6 distalization

Force generate from spring at different level of activation

Page
18
19
20
21
21
24

(ix)



LISTS OF DIAGRAMS/ FIGURES

Figure Page
1 Standard pendulum appliance 2
2 Pendulum appliance with modified 0.018”x0.025” HANT spring [Lt. side] 10
3 Pendulum appliance with modified 0.018”x0.025” SS spring [Lt. side] 10
4 Spring activation; 0.018”x0.025” HANT [Lt. side] 11
5 Spring activation; Rt.: 0.032” preformed TMA / Lt.: 0.018”x0.025 SS 12
6 Wire jigs placement on right and left side of maxilla 13
7 Wires jigs showed in lateral cephalogram 13
8 Cephalometric analysis: dental linear and angular measurements 14
9 Rotation measurement at T1 and T2 15
10 Transverse measurement at T1 and T2 15
11 Rotation and expansion of maxillary first molar in group I patient 17
12 The sizes and shape of SS wire used in pilot study 23
13 Spring activation at 75° 23
14 Force measurement after spring activation 24

(x)



LISTS OF ABBREVIATIONS AND SYMBOLS

DL = disto-lingual rotation

etal = and others

FH = Frankfurt horizontal plane

Fig. = Figure

g = gram

HANT = heat-activated nickel titanium wire
ML = mesio-lingual rotation

mm = millimeter

NiTi = nickel titanium

PP = palatal plane

PTV = pterygoid vertical plane

SD = standard deviation

SS = stainless steel wire

T1 = time before molar distalization
T2 = time after molar distalization
TMA = beta-titanium wire

™ = trade mark

/ = per

” = inch(es)

(xi)



CHAPTER 1

INTRODUCTION

Background and rationale

One of common strategies to correct Class II malocclusions without extraction is
to move the maxillary molars distally in the initial stage of treatment to convert the Class II molar
relationship into Class I relationship. To achieve this objective, a variety of treatment modalities
have been suggested. From the past, headgear is the common appliance which uses for molar
distalization. However, headgear requires patient compliance to be effective. The
recommendatory time for using headgear is 12-14 hours per day but many patients do not willing
to wear it. To overcome this problem, several alternative methods have been proposed. These
new molar distalizing appliances have been possible because of advance in technology especially
new materials capable of delivering light and constant forces over the wide range of deactivation,
and a better understanding of biomechanics and tissue reaction to orthodontic tooth movement.’
However, non-compliance treatment modalities are not necessarily to be reserved for the “non-
compliance” patients, but may have useful application with “compliance” patients to produce
more predictable result. .

These appliances can be classified into three groups depended on anchorage
manner, inter-maxillary, intra-maxillary and absolute anchorage.3 The inter-maxillary appliances
are fixed between upper and lower jaws so the effects are move upper molar distally while
protract lower teeth and jaw forward, such as Herbst appliance, Jasper Jumper™, adjustable bite
corrector™, Eureka spring™, Saif spring, mandibular anterior repositioning appliance and
Klapper SUPERSpring™. The intra-maxillary appliances are only fix within maxillary teeth and
jaw so the effect is only move upper molar distally, such as Pendulum appliance, distal jet, Nance
with NiTi coil spring/wire, magnet, Jones Jig™, Lokar distaling appliance and molar distalizing
bow. In absolute anchorage group, anchorage value is reinforced by implant to achieve maximum
tooth movement from these appliances.

Pendulum appliance is one of various effective appliances for moving upper

molar distally without patient cooperation. The active component of the pendulum appliance is its



distal spring which delivers distal force to molar. Beta titanium wire is recommended for distal
spring fabrication. Compared among wires used in orthodontics, nickel titanium has the best force
delivery due to its constantly light continuous force. Better tissue respond is expected when nickel
titanium is used. However, in clinical practice, stainless steel wire with particular size and
bending can possible deliver similar type of force.

Nickel titanium wires were designed as buccal spring for molar distalization but

both nickel titanium wires and stainless steel wires never designed to incorporate with pendulum.

Review of the literature

The standard pendulum appliance (Fig.1) was first described by Hilger5 in 1992
and was later subjected to numerous modifies.” "’ The pendulum appliance was a hybrid that
used a large Nance acrylic button in the palate for anchorage along with 0.032” preformed TMA
springs that delivered a light, continuous force to the upper first molar without affecting the
palatal button. Thus, the appliance produced a broad, swinging arc [pendulum] of force from the
midline of the palate to the upper first molar. The recommendatory force magnitude was about
200g.-250g. The anterior portion of appliance was retained with premolar occlusally-bonded
rests. These occlusally-bonded rests were acted as selective biteplane to discluded posterior

occlusion that allowed maxillary first molar moved distally without occlusal interference.

Fig.1 standard pendulum appliance



Dental movement from pendulum appliance

Macxillary first molar movement

The amount of molar distalization was reported in several clinical studies."”"”
Ghosh and Nanda'’ reported from 41 patients treated with standard pendulum, the amount of
maxillary first molar moved distally was 3.4mm similar to Byloff and Darendelier’ s result
found in 13 patients. Fuziy et alwreported from 31 patients using standard pendulum, the amount
of maxillary first molar moved distally was 4.6 mm. Greater movement was found from Bussick
and McNamara' s study in 101 patients using standard pendulum, the amount of maxillary first
molar moved distally was 5.7mm. Whereas, Joseph and Butchart  observed from only 7 patients
using standard pendulum, the amount of maxillary first molar moved distally was 5.1mm. Similar
result presented in Chaques-Asensi and Kalar’s study15 introduced in 26 patients using standard
pendulum, the amount of maxillary first molar moved distally was 5.3mm.

In modified pendulum studies, the appliances were incorporated with molar
uprighting bend'” and both molar uprighting bend and distal screw was called as pendulum K"
Byloff and Darendelier’” reported from 20 patients, the amount of maxillary first molar moved
distally was 4.1mm. Kinzinger et al"" conducted 3 studies in 36, 30 and 66 patients using
pendulum K, the amount of maxillary first molar moved distally was 3.1, 3.9 and 3.5mm,
respectively.

The distal tipping of maxillary first molar also simultaneously cooperated with
its distal movement. In standard pendulum studies, Ghosh and Nanda" found tipping of maxillary
first molar about 8.4° relative to SN plane. Byloff and Darendelier - observed tipping of maxillary
first molar about 14.5° relative to palatal plane. Bussick and McNamara~ examined tipping of
maxillary first molar and found tipping of about 10.6° relative to Frankfurt horizontal plane.
Joseph and Butchart ' found tipping of maxillary first molar about 14.5° relative to palatal plane.
Chaques-Asensi and Kalar~ found tipping of maxillary first molar about 13.1° relative to SN
plane. Fuziy et al” found tipping of maxillary first molar about 18.5° relative to Frankfurt
horizontal plane.

In modified pendulum studies, Byloff and Darendelier~ found tipping of
maxillary first molar about 6.1° relative to palatal plane. However, Kinzinger et al'" found less

tipping of maxillary first molar of about 3.3°, 4.2° and 4.7° relative to palatal plane and 3.1°, 4.6°

and 4.2° relative to SN plane, respectively.



The vertical movement of maxillary was reported as either extrusion and
intrusion from previous studies. The extrusive changes of maxillary first molar were reported

1

about 0.6mm '~ ° and 0.4mm ' relative to palatal plane. The intrusive changes were observed at

approximately 1.7mm11, 1.4mm12, 1.2mm" relative to palatal plane however, in some studies, the

, 13 17
and 0.2mm

small change were found as 0.lmm"

Transverse changes of maxillary first molar were reported in some studies.
Ghosh and Nanda'’ found only the intermolar width measured between mesio-buccal cusps, was
increased about 1.4mm. Kinzinger et al'’’ reported the increase of intermolar width measured
between mesio-buccal cusps, central fossa and disto-buccal cusps about 2.lmm 1.8mm and
1.7mm, respectively. Kinzinger et al” reported the increase of intermolar width measured
between mesio-buccal cusps, central fossa and disto-buccal cusps about 1.8mm 1.3mm and
1.2mm, respectively.

For rotational changes, Kinzinger et al reported some maxillary first molars
rotation of about 5.2°'° with 4.5°"° on the right side, 4.3°"" on the left side indicated that molars
were either mesio-buccal or disto-palatal rotated. However, when the transverse and rotational

changes were incorporated, the results from Kinzinger’s studies " eventually indicated that

molars were mesio-buccal rotated.

Anchorage loss

While maxillary molars were moved distally, the reciprocal force was applied to
four maxillary premolars and anterior portion of hard palate followed by mesial movement the
anchorage unit. In almost previous studies, anchorage loss were explained as the mesial
movement and mesial tipping of maxillary premolars and incisors while the vertical changes of
these teeth were also indicated. Ghosh and Nanda'’ found that maxillary first premolar moved
mesially about 2.6mm, tipped 1.3° and also extruded 1.7mm, whereas the central incisor was
proclined about 2.4°. Byloff and Darendeliler reported about 1.6mm' and 2.2mm" for mesial
movement of maxillary first premolar, 0.8mm'' and 1.4mm" for premolar extrusion, 0.9mm'' and
1.5mm' for incisor mesial movement, about 0.5mm'" " for incisor extrusion and 1.7° and 3.2°
for incisor proclination. Bussick and McNamara' found that maxillary first premolar moved
mesially about 1.8mm, mesial tipping 1.5° and also extruded 1.0mm. Joseph and Butchart'*

reported only the movement of maxillary central incisor, with mesial movement about 3.7mm and



proclined by 4.9°. Chaques-Asensi and Kalar" presented that maxillary first premolar moved
mesially about 2.2mm, tipped 4.8° and also extruded 1.2mm, whereas the central incisor was
moved mesially for 2.1mm, proclined about 5.1° and 0.8mm extrusion. Kinzinger et al'”” found
that maxillary first premolar moved mesially about 1.0mm and tipped 0.4°, whereas the central
incisor was moved mesially for 2.1mm and proclined about 3.3°. Kinzinger et allgreported only
the movement of maxillary central incisor, with mesial movement about 1.3mm and proclined by
3.1°. Fuziy et al” observed the maxillary first premolar moved mesially about 2.7mm with mesial
tipped 2.5° and about 1.5mm for mesial movement of central incisor, 3.4° for central incisor

proclination.

Rate of molar distalization
The rates of molar distalization by pendulum appliance were reported

10, 11, 12, 13, 15, 19 . 20
Gianelly ™ stated there

approximate 0.6-0.8 mm/month reported by various studies.
were two important factors when maxillary molar were distalized. First, maxillary first molars
were easier to move distally before the eruption of second molars.”’ Second, the continuous forces
could move teeth faster than intermittent forces.” Similarity to Kinzinger’s conclusion16, in case
of both maxillary first and second molars were moved distally together by pendulum appliance, a

longer treatment time and greater forces should be expected. However, Ghosh and Nanda'’ found

that the eruption of maxillary second molars had minimal effect on first molar distalization.

Wire properties

The wire that regularly used as distal spring of pendulum appliance was beta-titanium;
it was commercially available as TMA™ [Ormco corp, Glendola, Calif.]. Beta-titanium was first
introduced by Burstone and Goldberg23 in 1980. This wire was developed base on three important
characteristics. First, a large springback, the ability that wire could be deflected over long
distance without permanent deformation. At the same size, a beta-titanium wire could be
deflected almost twice as much as stainless steel wire without permanent deformation, in other
word, at the same range of wire deflection, beta-titanium also generated about half the amount of
force as do comparable stainless steel wire.” Second, a stiffness and modulus of elasticity of this
wire was lower than stainless steel wire that allowed beta titanium wire to fit into bracket slot

while lower force was generated.24 Finally, the good formability of beta-titanium wire allowed



wire to bend as loops or stops. However, this wire should not be bended as sharp angle that
caused wire fracture.” Due to low modulus of elasticity and high springback properties, the beta-
titanium wire allowed to simplify mechanics and appliance designs by eliminating the need to
placed loop or helices in the wire. 24

For the multipurpose wire using in orthodontics, stainless steel wire was the one
that used in various clinical applications. Because of its properties, high yield strength, high
stiffness and high modulus of elasticity, stainless steel wire also generated high force compared to
beta-titanium and nickel-titanium wire, but with particular wire bending, as loops and coils,
incorporated with heat treatment could enhanced the elastic properties of the wire.” However,
high stiffness was advantageous in resisting deformation caused by tractional forces. * The low
springback and low stored energy properties of stainless steel wire implied this wire produced
higher forces that dissipated over shorter periods of time than the titanium-based alloys [beta-
titanium wire and nickel-titanium wire], thus requiring more frequent activations. 2

Nickel-titanium [NiTi] alloy was first introduced for use in orthodontic in 1971.
*" Nickel-titanium alloy was divided into 3 subdivisions: conventional alloy and 2 superelastic
alloys [pseudoelastic and thermoelastic].28 A conventional nickel-titanium alloy was developed to
exhibit a shape memory effect. However, this first 50:50 composition of nickel and titanium was
a shape memory alloy in composition only. It was a passive martensitic-stabilized alloy that was
capable of being deformed, clamped, heated, and cooled into a specified shape, so that when it
was later deformed into a new shape and subsequently heated, the material remembered its
previous post-heat treatment shape.29 Nickel-titanium alloy had a low stiffness, large working
range, and produce very low force however, limited formability, produce higher frictional forces
and cannot be solder. The other 2 subgroups of superelastic alloy, pseudoelastic and
thermoelastic, these alloys exhibited some form of shape memory effect and superelasticity. In
pseudoelastic NiTi, at the constant temperature, the austenitic-to-martensitic phase transformation
occurred with increasing applied force. As the force was subsequently removed, the reverse phase
transformation occurred. For thermoelastic NiTi, described by when the temperature was
decreased, the austenitic-to-martensitic phase transformation should be occurred. This phase
transformation could be reversed by increasing the temperature to its original value. Clinical
application for using superelastic NiTi wire to moved maxillary molars distally was reported by

Locatelli" that using 0.018”x0.025” superelastic NiTi wire applied as “U-loop” with two stop on



the buccal side of maxillary first molar and second premolar, the molars were moved with
approximate rate of movement about 1 mm/month.

Burstone " described “variable modulus orthodontic” concept that was explained
as “the overall stiffness of the orthodontic appliance” [S] was determined by “the wire stiffness”

[Ws] and “design stiffness” [As] as represented by:

S=Wsx As

Design stiffness [As] was dependent on factors such as interbracket distance and
the incorporation of loops and coil into the wire. Changed in wire stiffness [Ws] could be brought
about by altering the cross-sectional stiffness [Cs] and/or the material stiffness [Ms] as designed

by the formula:

Ws=Msx Cs

The cross-sectional stiffness was determined by a cross-sectional property such
as moment of inertia of the wire and the material stiffness was depended on the modulus of
elasticity of the alloy. Therefore, an increase in appliance stiffness [S] could be brought about not
only by changed in appliance design or increased in cross-sectional thickness of the wire, but also
by selecting a material with a higher modulus of elasticity. The relationships of material stiffness
for stainless steel, cobalt-chromium, nickel-titanium, and beta-titanium wires were in the ratio of

1:1.2:0.26:0.42.

Objective

This clinical study aim to apply nickel titanium wire and stainless steel wire as
distal spring of pendulum appliance and to compare quality of tooth movement such as type of
tooth movement, rate of movement and the loss of anchorage during tooth movement between
pendulum appliance that using beta-titanium wire, nickel-titanium wire and stainless steel wire as

distal spring.



Hypothesis
Pendulum appliance which using nickel-titanium wire and stainless steel wire as
distal springs can move maxillary first molar distally with the distance, rate, type of molar

movement, and affect the loss of anchorage comparable to beta-titanium wire.

Significance of the study

Treatment time could be reduced when nickel titanium wire is designed as active
component of the pendulum.

Treatment cost could be reduced when stainless steel wire is used instead of

TMA wire for distal spring of pendulum.



CHAPTER 2

RESERCH METHADOLOGY

A sample of 20 patients were randomly selected from the new patient pool at the
postgraduate orthodontic clinic of Prince of Songkla university.

The inclusion criteria for the study are as follows:

Bilateral Class II molar relationship [1mm different was allow]

- Skeletal class 1 or class II relationship with deep or normal vertical
configuration

- Extraction or non-extraction treatment plan

- All of teeth [ central incisor to first molar ] in maxillary arch are presented
and fully eruption

- Maxillary second and third molars were presented or not but just
symmetrical for both sides of maxilla, in each patient.

- All patients and their parent(s) were advised for the purpose of this study.
The patients and parent(s) were signed a consent form.

The exclusion criteria for the study are as follows:

- Patient who present bony pathologic lesion in maxilla

- In case of the maxillary first molar(s) were showed some unwanted
movement, such as severe rotation, extrusion or very slow rate of movement
that affect the treatment plan and treatment time.

Patients were randomly divided for two groups, 5 patients for group I and 15

patients for group II.

Appliance design

Two designs of pendulum appliance were used for each group of patient. All of
the components of pendulum appliance used in this study, Nance acrylic button, stainless steel
wire for occlusal rest on maxillary first and second premolars and 0.032” titanium molybdenum

[TMA™; Ormco corp, Glendora, CA] for distal spring are the same as described by Hilgers. But
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in this study the one side of distal spring is made by 0.018”x0.025” heat activated nickel titanium
[HANT] wire, NeoSentalloy F200™ [GAC, Islip, NY] that generated 200g force, (Fig. 2) or

0.0187x0.025” stainless steel [SS] wire (Fig. 3)

Fig.2 Pendulum appliance with modified 0.018”x0.025” HANT spring [Lt. side]

For the HANT distal spring, the length of 0.0187x0.025” HANT wire, was
estimated by the distance between the posterior border of Nance button that wire emerge from
acrylic to the mesial aspect of lingual sheath on the new position that the maxillary first molar
intend to place after distalization, add with the distance of wire that embedded in the Nance
button and the another part that was inserted in the lingual sheath, 2mm was added for over
correction. A stop was crimped 6 - 7mm away from distal end of HANT wire for inserting into

the lingual sheath on first molar band.

9, TN A W

Fig.3 Pendulum appliance with modified 0.018”x0.025” SS spring [Lt.side]
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For the SS spring, the shape of 0.0187x0.025” SS wire was bended as 0.032”
preformed TMA™ [Ormco corp, Glendora, CA] that regular used for pendulum appliance and
use as control in this study.

In group I, pendulum appliance which distal spring using 0.032” preformed
TMA wires and 0.018”x0.025” HANT wires were compared (Fig.2). In group II, pendulum
appliance which distal spring using 0.032” preformed TMA wire and 0.018”x0.025” stainless
steel wires were investigated (Fig.3). The right or left maxilla’s side of each patient was randomly

selected for each type of wire.

Clinical management

Maxillary first molars were separated, bands were tried and impression for
pendulum appliance fabrication was taken. In the visit that pendulum appliance was fixed, the
springs were pre-activated.

For 0.0187x0.025” HANT wire activation, The wire was activated by placing the
distal end into the lingual sheath with deflected a part of wire that proximally to the stop as “S”

curve and parallel to slope of the hard palate. (Fig. 4)

Fig.4 Spring activation; 0.018”x0.025” HANT [Lt. side]

For TMA spring and SS spring pre- activation, the moving spring arm were
activated about 45° and 60° respectively start from the initial angle, 60°, to exert force 200 g (Fig.

5). The force magnitude was confirmed by force gauge.
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Fig.5 Spring activation; Rt.: 0.032” preformed TMA / Lt.: 0.018”x0.025 SS

After spring pre-activation, pendulum appliance was fixed by using composite
resin on occlusal surface of maxillary first and second premolars, and then maxillary first
premolars were bonded with pre-adjusted edgewise brackets (Roth prescription) for wire jigs
placement. Finally, the initial records [T1] were taken immediately [impression, lateral
cephalogram].

All patients were recalled every 4 week for spring reactivation to maintain 200g
of force [Except 0.0187x0.025” HANT wire]. The spring reactivation method was done as same
as Hilger5 described. Before spring reactivated, the remaining forces were measured and record.
The springs were reactivated until obtain slightly class IIT [2 mm.] molar relationship, one side at

least and then final record, T2 were taken [impression, lateral cephalogram]

Cephalometric analysis for determining of maxillary first molar, first
premolar and incisor movement

All radiographs were taken with the same cephalostat (Orthophos® CD, Siemens,
Germany). For each patient, lateral cephalogram films were taken two times. First [T1],
immediately, after pendulum appliance was fixed. Second [T2], when obtain slightly class IIT [2
mm.] molar relationship on one side. Tooth positional locating devices [wire jig] were fabricated
from sections of 0.016” x 0.022” stainless steel wires with different bend at the end to attach to
the maxillary first molar tube and first premolar bracket before film exposure (Fig. 6) to identify

right and left occlusion in lateral cephalogram. (Fig. 7)
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Fig.7 Wires jigs showed in lateral cephalogram

The radiographies were traced, superimposed and measured the parameters by
one investigator. The amount of horizontal movement of maxillary first molars and first
premolars were determined from superimposition of lateral cephalogram tracings on the pterygoid
vertical plane [PTV], where as the vertical movement were determined from superimposition on
the palatal plane [PP]. The long axis of the maxillary first molars and first premolars were
obtained by drawing a perpendicular to the midpoint of a line connecting the most convex points
on the crowns of these teeth. Angular difference in tooth position were determined by inclination
of long axis of maxillary first molar, first premolar and central incisor to the palatal plane. All
distance and angular parameters were described in Fig. 8. The rate of molar distalization were
determined by the distances that maxillary first molars move distally (T1-T2) within 1 month

compared between TMA and HANT in group I and between TMA and SS in group II.
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[/ \ /  rpane

PTY plane I

Fig.8 Cephalometric analysis: dental linear and angular measurements:
1) 6to PTV [mm.]; mesiobucal cusp of maxillary first molar to PTV
2) 4to PTV [mm.]; bucal cusp of maxillary first premolar to PTV
3) 1to PTV [mm.]; incisal edge of maxillary central incisor to PTV
4) 6 to PP [mm.]; mesiobucal cusp of maxillary first molar to PP
5) 4 to PP [mm.]; bucal cusp of maxillary first premolar to PP
6) 1 to PP [mm.]; incisal edge of maxillary central incisor to PP
7) 6 to PP [degree]; long axis of maxillary first molar to PP
8) 4 to PP [degree]; long axis of maxillary first premolar to PP

9) 1 to PP [degree]; long axis of maxillary central incisor to PP

Dental cast analysis for determining of maxillary first molar rotational and
transverse changes

Rotational and transverse changes in maxillary first molar position were
measured from the dental casts. For rotational change, mid-palatal suture and central groove of
maxillary first molars were defined in dental cast. Imaginary line was duplicated from central
groove of maxillary first molars to intersect mid-palatal suture line (Fig. 9). Angular measurement

from T1 and T2 record were measured and compared for each side.
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Fig.9 Rotation measurement at T1 and T2

For transverse change, imaginary perpendicular line from central fossa of
maxillary first molars to mid-palatal suture line were measured and compared between T1 and T2

record for each side (Fig.10)

Fig.10 Transverse measurement at T1 and T2
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Error of method

All clinical measurements were analyzed by a single investigator. Another 10
dental casts and 10 cephalograms obtained at least 2 months later were arbitrarily picked for
analysis. In accordance with Dahlberg, the accidental errors in duplicate measurements were

calculated from the equation

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 0.20 mm for
o o

linear measurements, 0.30 for rotational angular measurements and 0.30 for tipping angular

measurements.

Statistical methods

These data were statistically analyzed by using SPSS version 13.0 for windows.
The results were shown as means + standard deviations. After the parametric assumptions would
be tested to see whether the variables were suitable for parametric tests, the differences between

the 2 dependent measurements would be evaluated with pair #-test, an alpha significance level of

0.05.
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CHAPTER 3

RESULTS

From the clinical observation in group I patients, who received the pendulum
appliance using 0.0187x0.025” HANT as distal spring on one side of maxillary first molars
showed unwanted tooth movement such as severe disto-buccal rotation, buccal expansion, palatal
cusp extrusion and very slow rate of movement [Fig. 11] . The distal spring was redesigned but
no improvement was noticed so the experiment in group I was discontinued. The pre-adjusted

edgewise appliance was replaced to correct that side effect and to continue the treatment.

Fig.11 Rotation and expansion of maxillary first molar in group I patient

Thus, in this chapter, only the results from group II patients, who received the

pendulum appliance using 0.018”x0.025” SS and 0.032” TMA as distal springs were reported.

A total of 30 maxillary first molars for comparison from 15 patients; there were 1

male and 14 females, ranging in age from 10 to 32 years-old (mean 17.13 +5.99).



Table 1: Measurements [T1] compared between 0.0187x0.025”SS side and 0.032” TMA side, [*] p = 0.05

Measurements [T1] 0.018°x0.025” SS 0.032”TMA Sig.*

4-PTV [mm.] 43.37+4.27 43.47+4.21 0.95

6-PP [mm.] 22.60+1.98 22.73+£1.90 0.85

1-PP [mm.] 27.0743.71 27.07+43.71 1.00

4-PP [°] 96.03+5.35 97.53+5.22 0.44

Central fossa 6-Palatal 23.43+0.62 23.37+0.67 0.78

suture [mm.]

Table 1 showed no statistically significant differences existed between SS and

TMA sides at baseline [T1], indicating similarities between the two groups.
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Table 2: Effect of treatment on the maxillary first molars, [*] p = 0.05

Measurements [T1-T2] 0.018”x0.025” SS 0.032”TMA Sig.*

6-PTV [mm.] 4.37+1.45 4.57+1.58 0.72
{+:Distal, -:Mesial}

6-PP [mm.] -0.37+1.14 -0.50+1.09 0.75
{+:intrude, -:extrude}

6-PP [°] 8.6315.31 10.97+7.34 0.33
{+:Distal, -:-Mesial}

Central fossa 6 -0.80+0.53 -0.83+0.52 0.37
-Palatal suture [mm.]

{+:decrease, -:increase}

central groove 6 4.53+2.91 4.97+1.91 0.63
- Palatal suture [°]

{+:MB, -:ML}

Effect of treatment on the maxillary first molars is presented in Table 2.
Improvement in the molar toward Class I relationship with 2 mm overcorrection was recorded on
both groups with the mean of 4.37 mm in SS group and 4.57 mm in TMA group with no
significant difference between these 2 groups.

Vertical maxillary molar changes were very similar for the 2 groups with small
extrusion (0.37 mm for SS group and 0.50 mm for TMA group). No significant differences
between the 2 groups were apparent.

The superimposition showed more distal tipping in TMA group (10.97°) than
that in SS group (8.63°). However, the difference between these 2 groups could not be
statistically noticed.

The transverse change and rotation of the maxillary first molars in both groups
are statistical comparable. Both groups showed 0.8 mm expansion with approximately 4-5°mesio-

buccal rotation.



Table 3: Effect of treatment on the maxillary first premolars, [*] p = 0.05, [**] significant
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different
Measurements [T1-T2] 0.018”x0.025” SS 0.032”TMA Sig.*
4-PTV [mm.] -0.50+1.32 -1.60+1.31 0.03**
{+:Distal, -:Mesial}
4-PP [mm.] -1.07+1.27 -0.90+1.69 0.76
{+:intrude, -:extrude}
4-PP [°] -0.53+3.25 -1.30+4.41 0.59

{+:Distal, -:Mesial}

Effect of treatment on the maxillary first premolars is presented in Table 3. Only

one parameter that showed statistically significant difference is 4-PTV (mm). The measurement

explained that the maxillary first molars in SS side were moved mesially less than that in TMA

side (0.50 mm for SS group and 1.60 mm for TMA group).

Similar to the vertical changes of the maxillary molars, the maxillary first

premolars in both groups were also extruded with very small distance of 1.07 mm in SS group

and 0.90 mm in TMA group. No significant differences between the 2 groups were found.

Mesial tipping of the maxillary first premolars was presented in both groups. SS

side exhibited mesial tipping of 0.53° which was less than that of TMA side of 1.300. However,

there was no statistically significant difference was noticed.
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Table 4: Effect of treatment on the maxillary incisors

Measurements [T1-T2] 0.018”x0.025” /SS0.032”TMA

1-PTV [mm.] -0.40+1.31
{+:Distal, -:Mesial}

1-PP [mm.] -0.50+1.20
{+:intrude, -:extrude}

1-PP [°] -0.40+4.51

{+:Distal, -:Mesial}

Effect of treatment on the maxillary incisors is presented in Table 4. Very small

labial movement of 0.40 mm, labial tipping of 0.4° and extrusion of 0.50 mm were found.

Table 5: Activation time and rate of 6 distalization, [*] p = 0.05

Measurements 0.0187x0.025” SS 0.032”TMA Sig.*
Time [mo.] 6.03+2.15 6.03+2.15 =
Rate of 6 distalization 0.80+0.31 0.83+0.31 0.80
[mm/mo.]

The mean time period for spring activation was 6.03 months in both groups. Rate
of maxillary first molar move distally was compared and test significant difference between two

wires, no significant difference was found.
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CHAPTER 4

DISCUSSIONS

Why HANT pendulum spring cannot move the teeth in this study?

According to Locatelli et al’ in 1992, the 0.0187x0.025” superelastic NiTi wires
that also generate 100g of force were applied as “U-loop” with two stops on the buccal side
between maxillary second premolars and first molars for molar distalization. Maxillary first
molars were moved distally at the rate of approximately 1lmm/month while some anchorage lost
was found. However, in our study, the 0.018”x0.025” HANT were applied as pendulum spring
that force applied at the palatal side of crown and wire activation as “S-curve” with two stops,
[one use the border of Nance button that wire emerged and the other using climpable stop at 4-
5mm prior to the distal end of wire] same as above study but the difference were the distance
between stop and the path of movement during wire deactivation. Locatelli recommended 5-6mm
longer than space between bracket of second premolar and mesial aspect of first molar tube. In
our study, the space between stops was estimated by the distance between distal border of Nance
button that wire emerged to the mesial aspect of lingual sheath welded with the first molar band
plus the amount of distalization. Thus, the length of wire in our study was longer than Locatelli’s
study so that the wire had more flexibility. In Locatelli’s study the wire movement during
deactivation was almost in A-P plane, caused the bracket slot level of second premolar and first
molar tube was the same or nearly, so that molar was only pushed backward. But, in this study,
the moving part of wire at deactivation phase were moved in three planes [A-P, transverse, and
vertical], because of the discrepancy between level of lingual sheath on first molar band and level
of HANT wire that emerged from Nance button, that allowed maxillary first molar movement in

numerous directions.

Stainless steel wire selection
In this study, the size of SS wire using as spring was selected base on result from
our pilot study. The objective of this pilot study was to find the size of SS wire and degree of

spring activation to generate 200 g. of force. The pilot study was done by using three sizes of SS
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wire [0.0167x0.022”, 0.0177x0.022” and 0.018”x0.025”]. The SS wires were imitated the shape
of 0.032” preformed TMA™ [Ormco corp, Glendora, CA] that regularly use for pendulum

spring [Fig. 12]

Fig.12 The sizes and shape of SS wire used in pilot study

The SS and TMA springs were activated at five level [15°, 30°, 45°, 60°, 75°]

started from initial angle, 60° [Fig. 13].

Fig.13 Spring activation at 75°

After activation, springs were pulled back to the initial angle with force gauge

[Fig 14]. The force magnitudes that used to pull back springs were recorded [Table 6].
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Fig.14 Force measurement after spring activation

Table 6: Force generate from spring at different level of activation [g.]

Angle of 15 30 45 60 75
activation[°]

0.032” TMA 90 135 200 240 330
0.016”x0.022”SS 30 75 120 150 175
0.0177x0.022”SS 50 90 135 165 195
0.0187x0.025”SS 60 120 160 200 220

The result from Table 1 showed that 0.018”x0.025” was activated about 60°

while 0.032” TMA was activated 45° to generate 200g of forces approximately.

Maxillary first molar movement
Distal movement of maxillary first molars in this study showed that SS group
[4.37+1.45mm] was comparable to TMA group [4.57+1.58mm], with only 0.2mm differences.
Due to the amount of force in both groups were at optimum level as adjusted for every month.
The results of both groups were similar to the other studies that using TMA wire as spring, the
means molar distalization were ranged between 3.4-5.7mm.""”

Distal tipping of maxillary first molars found in SS group [8.63°] was less than

TMA group [10.97°] but no significant difference found. The tipping movement caused by the
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forces was applied above to center of resistance that located about trifurcation of maxillary first
molar. Similar trend to other studies, Ghosh and Nandalo, Byloff and Darendeliler“, Bussick and
McNamaraB, Joseph and Butchart'* and Chaques-Asensi and Kalra" found molar tipping about

1216118 pat distal

8.4°, 14.5°, 10.6°, 15.7° and 13.1°, respectively. However, in some studies
spring modified with molar uprighting bend, distal tipping would not be eliminated and
eventually presented about 6.1°, 3.3°, 4.2°, and 4.7° distal tipping, respectively.

Vertical changed of maxillary first molars in this study were slightly extruded in
both groups [0.37+1.14mm. in SS group, 0.50+1.09mm. in TMA group]. The extrusion in this
study might caused by the composite resin that fixed occlusal rest on the maxillary premolar. The
composite resin acted as bite plane to discluded posterior occlusion to eliminated cusp
interference while maxillary molar moved. So, maxillary molars might erupted to the space while
move distally. However, the length of moving spring arm, the part of spring between coils and
mesial aspect of lingual sheath welded with first molar band, might play the important role to
allow the vertical change. In case of this length was the same or longer than the distance between
lingual sheath and where the spring arm fixed in Nance palatal button. When intra-oral spring
reactivation, the plane of moving spring arm might change and cause some molar extrusion.

Whereas, if the length of moving spring arm was shorter than that distance, it might cause

maxillary first molar intrusion or no changed in vertical relation. In previous studies, the various

14,16, 1 11,12, 15

results were found, extrusion about 0.4-0.6mm ® and intrusion about 1.2-1.7mm and in
some studies "' the change was very small or no clinical significant.

For transverse changes, this result indicated that each maxillary first molar in
both groups were expanded about 0.8 mm. relative to the palatal suture. These changes might
cause by while maxillary first molars moved distally, they also moved to the wider part of dental
arch too. This value was also comparable to Kinzinger studies'™ " that found some increased of
intermolar width, 1.8 mm. and 1.3 mm, respectively. So, if these values were calculated per side,
the values also showed approximately 0.9 mm. and 0.7 mm. respectively.

Rotational changes of maxillary first molars were also found in this study. The
changed of central groove’s axis relative to the palatal suture were calculated, about 4.5° and 5°
by mean in SS group and TMA group, respectively. Unfortunately, these values could only

indicate the rotational changed but could not prove the direction. These angular changes could

only tell about the maxillary molars were mesio-buccal rotated or disto-palatal rotated or both.
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Although, the force was applied palatal to center of resistance of the maxillary first molar would
ordinary cause disto-buccal or mesio-palatal rotated, the arc described by the spring during its
distal movement combined with rigidity of wire might causes a mesio-buccal or disto-palatal
rotation instead. However, according to Kinzinger16’ " who incorporated this angular change with
intermolar width [two measurements; between mesio-buccal cusp and between disto-buccal cusp]

changes, the rotation were mesio-buccal rotated.

Anchorage loss

When maxillary molars were moved, the reciprocal force was delivered to
anchorage unit of appliance that consisted of four maxillary premolars and pre-maxilla region
included maxillary incisors. In previous studies, the anchorage loss was reported as mesial
movement, mesial tipping and extrusion of maxillary premolars and incisor.

Form this study, maxillary first premolar in TMA group [1.6+1.3mm] was
moved mesially more than SS group [0.5+1.3mm] with statistically significant different. In TMA
group, the value was comparable with the other studies of 2.6mm 10, 1.6mm“, 2.2mm, " and
1.8mm". Whereas, SS group showed less mesial movement when compared to other studies that
using TMA wire. These result indicated that the spring made form SS wire was created less
anchorage loss than TMA wire. These might cause by SS wire had high load-deflection rate than
TMA wire.” So, at the same initial force level, when springs were deactivated or molars were
moved, the force remaining from SS wire would much less than TMA wire. In other word, TMA
wire could generate more continuous force than SS wire.” Thus, after molars moved, the
reciprocal force that applied to anchorage unit in SS group was less than TMA group. These
followed by less mesial movement of maxillary first premolar in SS side.

The vertical changed of maxillary first premolars in this study, both groups were
extruded and there was no significant difference between two groups, 1.07mm for SS group and
0.9mm for TMA group. When the direction of forces that initially applied to the maxillary first
molar were considered, due to the arc movement of spring, maxillary molar also received
distalization force combined with intrusive force. These action forces also generated reaction
forces, which mesialized and extruded the anchorage unit. This result was quite similar to other
studies that showed some extrusion of maxillary first premolar, about 1.7mm 10, O.Smm“,

1.4mm12, and 1.0mm".
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The mesial tipped of maxillary first premolar in TMA [1.30°+4.41] group was
increased than SS group [0.53°+3.25] but not found statistically significant difference between
groups. In TMA group, the result was quite similar to other studies, 1.3° " and 1.5°". In SS
group, just the same result as mesial movement, the value was less than TMA group in this study
and previous studies. The explanation was the same, the remaining force when molar was moved
in SS side was less than in TMA side so the reciprocal effected on anchorage unit of SS group
was less than TMA group too.

The movement of maxillary incisor, in this study, the right and left central
incisors in quadrant I and quadrant II could not be identified at the time when lateral cephalogram
were taken. So, the measurements of maxillary incisor showed in chapter 3 between SS group and
TMA group were the same values caused by the films were traced at the average position of two
central incisors. The result from this study showed that the incisor was slightly mesialized
[0.4+1.3mm.], proclined [0.4+4.5°] and extruded [0.5+1.2mm.]. These results showed also
similar trend to Byloff and Darendeliler’s studies " that reported 0.9 mm. and 1.5 mm. of mesial

movement, 1.7° and 3.2° for proclination, 0.45 mm. and 0.5 mm. for extrusion.

The rate of maxillary first molar movement

In this study, the mean time period during appliance activation between SS group
and TMA group was the same. Because of when only one side of maxillary first was moved to the
designed position the post-activation records [T2] were taken immediately. To estimated rate of
molar distalization, the distance that each molars move distally was divided by treatment time in
each patients. The result showed no significant difference between two groups, about 0.8
mm/month. A major factor that effected to the rate of tooth movement was the force magnitude.
In this study, the initial force level was approximately 200g in both sides and then patients were
recalled every 4 weeks for springs reactivated, to maintained about 200g force. However, from
clinical observation, the remaining force before springs reactivated from SS side was less than
TMA side in all patients, about 100-120g for SS group and 150-170g for TMA group. This result
was supported our discussion that TMA springs were generated continuous than SS springs. To
compare the rate of molar distalization from other studies, the initial force level was similar to our
study, about 180—250g10_19 but the activation methods were discriminated. Ghosh and Nanda'’

used only one time activation with 230g of force so that the rate of molar movement showed
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about 0.6mm/month. Kinzinger17 used pendulum K, that combined distal screw as a part of distal
spring, with spring pre-activation 180-200g of forces and spring reactivated by screw turning. The

rate of molar movement showed about 0.75mm/month.
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CHAPTER 5

CONCLUSION

The SS wire with particular size and bending can apply as distal spring of
pendulum appliance with comparable rate and type of maxillary first molar movement, but
created less anchorage loss than TMA wire. Although, TMA wire can generate more continuous
force than SS wire, but at the low initial force level [200g in this study], after 1 month both, SS
and TMA springs are need to be reactivated because the remaining forces, 100-120g for SS wire
and 150-170g for TMA wire, are not enough to move molar distally.

The HANT wire cannot apply as pendulum spring in this study because the

spring is too flexible and moves in three dimensions during deactivation period.
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