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ABSTRACT

The molar distalization has been regularly used to correct Class II dental relation
to Class I occlusion. The cervical pull headgear always needs patient’s compliance which is a key
for success of treatment. The effectiveness of the conventional intra-oral appliance does not move
the maxillary molar distally only, but also the anchorage was loss. Improvements in implants
have made their use possible as anchorage in orthodontic patients. So that the mini-implant is an
anchorage of interest to move the molar substituted the cervical pull headgear. Objectives: To
design a new appliance in conjunction with mini-implant to distalize and to extrude the first molar
in class II deep bite patients. Materials and methods: Fourteen patients (4 male and 10 female)
with a Class II molar relationship with large overjet and deepbite were selected and planned for
correction by the maxillary molar distalization and extrusion. The patients declined the cervical
headgear application. Mini-implants as anchorage together with a special design sectional wire
developed at Prince of Songkla University were introduced to the patients. The 1.3-mm diameter
and 8-mm length mini-implants were placed bilaterally and buccally between the roots of the
upper second premolars and the first molars. A 1 mm stainless steel wire, placed in the headgear
tube of the upper first molars on each side, was bended as a molar stop and extended to the
vestibule to form a hook, positioned anteriorly and superiorly to the implants. A force of 250 gm,
applied between the implant and the hook of the bended wire, was directed distally and occlusally
for molar movement. The lateral cephlometric films were measured to compare the difference
between before and after the maxillary molar distalization, using the Wilcoxon signed — rank test.
Results: The mean age at the start of treatment was 13.13 + 1.19 years, range from 11 to 15 years.
The first molars were successfully distalized into an over corrected 2 mm Class I occlusion for
3.82 £ 1.30 months, range from 2 to 6 months. The maxillary molars were statistically significant
having moved 6.18 + 2.59 mm distally and 1.32 + 0.61 mm occlusally. Also the maxillary molars

were statistically significant having tipped distally at an average of 18.71 + 6.79 degree. The;,,



rate of maxillary molar distalization and extrusion were 1.70 = 0.57 mm per month and 0.39 =
0.24 mm per month, respectively. Conclusion: Molar distalization and extrusion were achieved in
Class II patient with hypodivergent facial pattern by mini-implant anchorage with an extruded

sectional arch wire in a short time.
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CHAPTER 1

INTRODUCTION

Background and rationale

The molar distalization has been commonly used to correct Class Il dental
relation to Class I occlusion. In the past, extra-oral appliance was commonly used but the patient’s
compliance is the major factor to obtain successful results. Beginning in the 1980s, non-
compliance intra-oral appliances have been wildly used such as repelling magnets® >, open coil
springs}ﬁ, and pendulum7’ *. These intra-oral appliances do not move only the maxillary molar
distally, but also the premolars and the anterior teeth which are the anchorage to move mesially
and the overjet is increased eventually.

Mini-implant as intra-oral anchorage without patient compliance has been
developed since 1983. Creekmore and Eklund’ were the first orthodontist to apply a small screw
for reposition the anterior teeth. Interestingly, the mini-implant could be loaded force
immediately.lo’ " The mini-implant has been used in the case of Class Il malocclusions combined
the other appliances for preventing the loss of anchorage.12 For example, it was used as absolute
anchorage by installed at palate or the maxillary interradicular bone for distalization and intrusion
of molars.” " Unfortunately, mini-implants have never been applied for distalization and
extrusion of the molars.

The correction of Class II malocclusion with cervical pull headgear needs
patient’s compliance which is a limitation for the success of the treatment. The use of mini-

implant to distalize and to extrude the molars as cervical headgear is of interest to study.

Review of Literatures

Conventional molar distalization is not always indicated for Class II correction. It

is contraindicated in open-bite patients and in the presence of a protrusive facial profile. In open-



bite patients molar distalization would determine a clockwise mandibular rotation, thus increasing
the lower face height and worsening the facial appearance. In the case of protrusive facial profile,
the anterior anchorage loss, which occurs during molar distalization, would be worsen the
inclination of the front teeth and, consequently, the profile itself. Molar distalization is
recommended for the correction of Class II malocclusions in deep-bite patients and in the
presence of a concave or normal facial profile.

Non-extraction treatment of Class II malocclusion frequently requires upper
molar distalization into a final Class I relationship. To achieve this, a variety of treatment
modalities have been suggested. For more than 100 years the most common procedure has been
the headgear applied to upper molars, and its performance has been reliable. Unfortunately,
headgear requires patient compliance to be effective. Often, the patient is not willing to wear the

headgear for the recommended 12-14 hours per day.15

The cervical pull headgear and the patient compliance

Klein'® investigated the movement of molars in the 24 patients, age range from 7
to 10 years, treated by cervical headgear. The average time for Class II division 1 correction was
17 months, range 6 to 33 months. During treatment the upper molar tipped distally for an average
of 1.2 degree. In the average, distal movement was 1 mm. As much as 3 mm distal movement was
recorded. There was no the upper molar reported moving forward. In vertical, the average cases
demonstrated 2.3 mm of elongation, range 0 to 3.5 mm.

Gadini et al' evaluated maxillary basal bone, dentoalveolar, and dental changes
in Class II Division 1 patients, age from 7.5 to 13.5 years, treated to normal occlusion by using
cervical headgear and edgewise appliances ranged and compared to untreated group. However,
maxillary basal bone changes were not significantly different between the treated and untreated
groups. Distal dental relocation was more significant in the apex of the maxillary molars (0.47
mm/year) and gradually decreased in the center of resistance (0.34 mm/year) and in the molar
cusp (0.25 mm/year). Vertically, none of the skeletal (0.67 mm/year) or dental (1.19 mm/year)
changes was significant.

Taner et al" evaluated the effects of cervical headgear on the maxillary first

molar, second molar, first premolar, and upper incisors. The mean amount of first molar



distalization was 3.15 + 1.94 mm. The second molars were also distalized to a mean amount of
2.27 £ 1.33 mm. The mean treatment time for distalization was 11.38 + 3.18 months. During
distalization, the maxillary molars were tipped distally for average 6.69 degree. Maxillary molars
were extruded for average 1.42 mm.

Cole” evaluated twenty patients were supplied with electronic timing headgears
that enabled to compare their reported hours of headgear use with electronically measured actual
usage. Compliance levels varied from a low of 5.6% to a high of 107.7% with a mean of 74.5%
and a standard deviation (SD) of 30.3. This showed that one third of patient that recommended to
use headgear had compliance level lower than 50%.

Doruk et al and Agar et al’ used cervical pull headgear to correct the
malocclusion. An electronic module timer was attached to the neckstrap to evaluate the number of
hours the patients wore the headgear. The result showed that more than one half of patients wore
headgear less than recommend and 20-30% of un-compliance patients were not better after
monitoring process.

Egolf et al”’ evaluated factors related to compliance with the wearing of headgear
and intraoral elastics by a questionnaire in 100 university clinic orthodontic patients. The result
showed that headgear was rejected by many patients because of esthetic and social concerns. And
major factors related to patient compliance wear are personality type, pain, interference with oral
activities, health awareness, and self-consciousness about the oral condition.

Cureton ef al” determined the role of the headgear calendar and its relationship
to headgear compliance. Headgear timers were used covertly to monitor actual headgear wear of
28 patients for three consecutive orthodontic appointments. Fourteen patients were asked to
monitor their daily headgear wear by using a headgear calendar. The other 14 patients did not use
a calendar. The results show that patients who monitor their headgear wear with a headgear

calendar are more compliant than those patients who do not (7.9 hours compared with 5.3 hours).

The intra-oral appliance for molar distalization

The use of an extra-oral appliance, the headgear, needs the patient compliance to

wear. The difficulties of a headgear wear and the factor depended on patient cooperation



stimulated many investigators to develop new intraoral devices and techniques for distal
movement of molars.

Oztuk et al’ used 250 g NiTi coil spring with a modified Nance’s appliance in the
late mixed or permanent dentition stage to correct Class II malocclusion. The results were that the
mean maxillary first molar distalization was 5.44 mm (right) and 3.75 mm (left), with a mesial
tipping of 11.56 degrees (right) and 11.34 degree (left), and the anchorage loss occurred as
defined by mesial movement of the first premolars and proclination of the central incisors.

Mavropoulos et al analyzed the maxillary molar movement in the patients (mean
age 13.2 years) treated with a modification of the Jones jig appliance, which consisted of a
modified Nance button as anchorage and an active unit. The average maxillary first molar distal
movement was 2.8 mm. An anchorage loss was expressed by a 1.9-mm proclination of the central
incisors.

Bolla et al’ evaluated the nature of maxillary molar movement with the distal jet
alone, to determine the extent of mesial movement of the anchorage unit. They found that the
crowns of the maxillary first molars were distalized for an average of 3.2 mm and tipped distally
an average of 3.18 degree. An anchorage loss was measured at the first premolars for averaged 1.3
mm and maxillary incisors were proclined an average of 0.68 degree.

Gulati et al' evaluated dental and skeletal changes after intraoral molar
distalization with a sectional jig assembly. The first molars were moved for average 2.78 mm, at
the rate of 0.86 mm/month. And there were increase in the overjet and mesial tipping of second
premolar.

Ghosh and Nanda® used the pendulum appliance to move the maxillary first
molars. The teeth were moved distally for the mean of 3.37 mm with a distal tipping of 8.36
degree. The mean reciprocal mesial movement of the first premolar was 2.55 mm with a mesial
tipping of 1.29 degree.

Chiu et al’ compared the pendulum and the distal jet. They found that the
pendulum distalized the maxillary molars 6.1 mm more than distal jet 2.8 mm. The premolars and
the incisors were moved anteriorly 1.4 mm, 1.1 mm in pendulum and 2.6 mm, 3.7 mm in distal

jet.



Itoh et al’ distalize molar with the repelling magnets. Molar distalization
averaged 2.1 mm and distal tipping 7.4 degree. Labial movement of the anterior teeth averaged
1.2 mm and labial tipping 3 degree.

Bondemark ez al’* evaluated two force systems, repelling rare earth magnets and
superelastic nickel-titanium coils, with respect to the clinical and the dentofacial treatment effects
of the simultaneous distal movement of maxillary first and second molars in subjects with Class I
malocclusion and deep overbite. The magnets and the supercoils moved the molar distally by
mean 2.2 mm and 3.2 mm for 6 months, respectively. The decrease of the overbite was average
3.6 mm.

The most past study showed that the intra-oral appliance for molar distalization
may cause anchorage loss characterized by the mesial movement or tipping of premolars or
anterior teeth and the increase of the overjet. It may increase treatment time to move the teeth

back and to create Class I occlusion.

The mini-implant anchorage

Improvements in implants have made their use possible as anchorage in
orthodontic patients. A mini-implant for orthodontic anchorage should be small enough to place
in any areas of alveolar bone, even apical bone. The surgical procedure should be easy enough for
an orthodontist to perform and minor enough for rapid healing. The implant should be easily
removable after finishing orthodontic treatment.

In 1983, Creekmore and Eklund’ used a surgical vitallium bone screw inserted
below anterior nasal spine in a 25-year-old female patient with a Class I molar relationship and a
very deep overbite. Ten days after the screw was placed, a light elastic thread was tied from the
head of the screw to the archwire. The result showed that the maxillary central incisors were
elevated approximately 6 mm and torqued lingually about 25 degrees. The bone screw did not

move during treatment and was not mobile at the time it was removed.



In 1997, Kanomi~ was treated a 44-year-old male patient with severe curve of
Spee and deep bite. The treatment plan was intrusion of the mandibular incisors. A mini-bone
screw was implanted in the alveolar bone between the root apices of the mandibular central
incisors. After four months, the mandibular incisors had been intruded 6 mm. Neither root
resorption nor periodontal pathology was evident. The patient was satisfied with the overbite
reduction without reported.

For molar distalization, the mini-implant was applied for direct and indirect
anchorage. Kircelli” used modified pendulum appliance with mini-implant in the palatal region
for an average of 6.4 mm molar distalizantion with 10.98 mm distal tipping. Also, the maxillary
second premolar and first premolar were moved distally for an average of 5.4 + 1.3 mm and
3.8 + 1.1 mm, respectively.

Gelgor27 was used intraosseous screw at palate to support anchorage unit for
molar distalization with 250 g NiTi open coil spring between the first premolar and molar. For 4.6
months, the upper first molars were tipped 8.88 degree and moved 3.9 mm distally on average.

Keles" used the paramedian palatal implant instead of a Nance button for molar
distalization with NiTi coil spring (the Keles slider appliance). The result showed that the molars
were distalized bodily in 5 months, and no anchorage loss was observed.

Park'' used a mini-implant which placed between first molars and second
premolars buccally for distalized posterior teeth and canines with NiTi coil spring. The first
molars were distalized on average of 1.64 mm. Moreover, in another study, Park” used a
maxillary mini-implants placed between second premolar and first molar to provide anchorage for
intruding the posterior teeth and retracting the anterior teeth, simultaneously.

Buchter et al ‘and Kim et al’ evaluated the stability of the mini-implant during
loading force. The results showed that an immediate loading of mini-implants in the minipig can
be performed without loss of stability when the load-related biomechanics do not exceed 900
cNmm." Furthermore, the drill-free mini-implants, which were loaded a force of 200 to 300 g
with nickel-titanium coil springs after 1 week after insertion, were stable when twelve weeks
ago.29 And Ohashi” presented that the loading protocols for mini-implants involved immediate

loading or a waiting period of 2 weeks to apply forces.



Success rate of the mini-implants were associated with inflammation around
them and did not depend on the clinical variables of the mini-implant factors (type, diameter, and
length), local host factors (occlusogingival positioning), general host factors (age, sex) and
management factors (angle of placement, onset and method of force application, ligature wire

. . 11
extension, exposure of screw head, and oral hygiene).

Objective

The purpose of this investigation is to design a new appliance in conjunction

with mini-implant to distalize and to extrude the first molar in Class II deep bite patients.

Hypothesis

The first permanent molar can move distally and occlusally by mini-implant

anchorage.

Significance of the study

The mini-implant anchorage will be another option for correcting the Class II

deep bite without compliance.

The limitations of the study

The study can be applied to the patients after the eruption of permanent upper
second premolars. This approach cannot deliver for adult patients because there is no growth to

compensate the mandibular rotation from the molar extrusion.



CHAPTER 2

RESEARCH METHODOLOGY

Sample

Samples were selected from patients received treatment at the postgraduate

orthodontic clinic, Prince of Songkla University. The criteria for subject selection included:

Patients younger than 16 years-old having the permanent upper second

premolars in the oral cavity.

- The occlusion was Class II malocclusion with a deep bite.

- Short lower anterior facial height with hypodivergence mandibular
rotation.

- They never had either orthodontic or orthopedic treatment.

- They have no systemic, mental, behavioral, bleeding, and craniofacial
disorders.

- The details of the study was explained to the patients. Inform and consent

was signed by the patients before the study started.

Materials and methods

The transpalatal arch was placed on the upper permanent first molars before the
brackets were bonded. At the second premolars, brackets were angulated by rotating the distal
wing toward the occlusal plane for leveling and tipping the roots mesially to create spaces

between the root of first molars and second premolars for mini-implant placement (Fig. 1).



Fig. 1 Transpalatal arch bar (left) and bracket bonding at second premolar (right)

When there were enough spaces (at least 5.5 mm) between the roots of first
molars and second premolars, the bite wing films were taken to confirm the space and to locate
the position by using the guided wire as shown in Fig 2. Then the mini-implants (1.3 mm in
diameter and 8 mm in length) were installed buccally between the teeth. After that the lateral

cephalogram was taken before molar distalization (T1).

Fig. 2 The guided wire in the bite wing film to facilitate the mini-implant placement

The next visit, the 1-mm-diameter stainless steel wire was bended as shown in

Fig 3. One end with bended stop was placed in the headgear tube of the first molar. Another end

with bended hook was located anteriorly and superiorly from the mini-implant. It was called

“extruded sectional arch wire” (ESAW). The wire was fixed by ligating the stop with the hook of
the first molar for stabilization.

A force of approximately 250 g was applied from the hook of the ESAW to the mini-

implant. The force vectors were inferior and posterior for molar distalization and extrusion.
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The force was measured and activated to maintain the force level of 250 g every
month. And if the distance from the hook of the ESAW to mini-implant was too short to generate
appropriate force, the ESAW was adjusted at the molar stop and the arm to keep the hook anterior
and superior enough for 250g force application. When 2-mm Class III molar relationship was
obtained as overcorrection, the lateral cephalogram was taken for post molar distalization records

(T2).

Cephalometric variables and analysis

The films taken at T1 and T2 had wire guiding markers which are 0.018” x
0.022 stainless steel wire bended a right angle and the end of the wires were bent either
anteriorly or posteriorly (Fig 4). Wire markers were inserted in the buccal tube of the first molars

to identify the left and right sides.

Fig. 4 The wire guiding markers

The cephalograms were traced with one investigator on separate occasions and
repeated four weeks later for evaluation of errors in method. From the tracing, variables measured
in distances and angles were indicated the movement of the first molars vertically and
horizontally. The reference lines and the variables used for measurement as follow (Fig 5):

- PP line: the palatal plane.
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- PP-ptm line: line perpendicular to PP that passes through the ptm.

- 6-PP (degree): the angle of intersection of the long axis of the upper first
molar and PP line.

- 6-PP (mm): the distance from the PP line to the lowest of the upper first
molar.

- 6-to-PP-ptm (mm): the distance form the PP-ptm line to the mesiobuccal
cusp of the upper first molar.

The measurements at T1 and T2 were compared to explain the effects of the

force applied to the first molars via ESAW by mini-implant anchorage.

c PP line
L

Fig. 5 The references and the variables were used for measurement of molar movement:

a is 6-PP (degree), b is 6-PP (mm), and ¢ is 6-to-PP-ptm (mm)

Statistic analysis

Ten cephalograms of 10 patients were randomly chosen and measured to

calculate the accidental errors using Dahlberg’s formula as follow:

S o
5=\ Ton
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Where: S_= the error of the measurement
D = the difference in measurements of cephalometric values on two different occasions

N = the number of double measurements

Statistical analysis was performed using SPSS software, and the results of the
measurements were shown as means + standard deviations. The differences between the T1 and
T2 measurements were evaluated with a Wilcoxon signed — rank test and Ol less than or equal to

0.05 was considered as statistically significant.
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CHAPTER 3

RESULTS

In this study, there were 14 patients, 4 male and 10 female participated and
finished the investigation. The mean age at the start of treatment was 13.13 + 1.19 years, range
from 11 to 15 years. The first molars were successfully distalized into an over corrected 2 mm
Class I occlusion by mini-implant anchorage at the end of the study. Distalization time was 3.82 =

1.30 months, ranging from 2 to 6 months. An example of the distalization is presented in Fig. 6.

Fig. 6 The intra-oral photographs before (right) and after (left) molar distalization

Method error study

The three measurements were re-evaluated four weeks apart and calculated to
determine intra-examiner error. No significant mean differences between the two series of records
were found. The measurement error was 0.32, ranging from 0 to 0.50 mm for linear measurement,
6-PP and 6-to-PP-ptm. In the angular measurement (6-PP), the error was 0.28 degrees with a

range from O to 1 degree.
Cephalometric analysis
The descriptive statistics, including the means and standard deviations before and

after molar distalization, as measured from the cephalometric radiographs, are summarized in

table 1, 2.
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For the average treatment time of 3.82 months, the mean amount of maxillary
molar distalization was 6.18 + 2.59 mm measured at the mesial buccal cusp tip (6-to-PP-ptm).
The maxillary molars were extruded 1.32 £ 0.61 mm from the palatal plane. The maxillary molars
were tipped distally at an average of 18.71 £ 6.79 degrees (6-PP). The rate of maxillary molar
distalization and extrusion were 1.70 + 0.57 mm per month and 0.39 £ 0.24 mm per month,
respectively.

There was a statistically significant difference (P = 0.001) between the position
of the maxillary first molars at initial and after destalization stages. The teeth were distalized and
extruded. At right and left sides, the movement of the molars was statistic significant difference
before and after distalization. The molars were distalized 6.14 = 2.54 mm and 6.12 £ 2.72 mm in
right and left sides, respectively, and extruded 1.32 + 0.64 mm in both sides (Table 3, 4). In
comparison, Left and right sides were not statistic significant difference (Table 5).

From maxillary superimposition, the maxillary molars were moved mostly at the
crown, whereas the apical was moved minimally. In addition, the maxillary premolars and
canines were distalized naturally, and the maxillary incisors displayed palatal tipping during
distalization of the maxillary molars with the mini-implant anchorage. There was no appliance
connected between premolars and molars. All maxillary teeth showed extrusion during

distalization (Fig. 7).

Before

After

Fig. 7 The superimposition of the maxilla between before and after molar distalization



Table 1 The measurements of each patients
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Treatment Before After
Patient ~ Sex  Age time 6PP 6toPP- 6-PP 6PP  GtoPP-  6-PP

(months) (mm) ptm (mm)  (degree) (mm) ptm (mm)  (degree)
1 male 13 55 21.00  25.00  83.00 23.00 16.00  59.00
2 male 12 5.0 19.50 2400 8200 2150  13.00  48.00
3 male 12 3.0 19.50 24.50 82.00 20.00 19.00 69.00
4 female 13 3.0 22.00 2800  78.00 23.00 1850  53.00
5 female 15 4.0 2250 2950  88.00 2350 2350  63.00
6 female 11 5.0 21.50  23.00  69.00 23.00 18.00  56.00
7 female 12 2.0 18.00  21.00 7100 20.00 18.00  61.00
8 female 14 55 24.00 3400  89.00 26.00  25.00  68.00
9 female 12 3.5 2200 2500 7900 2350  21.00  66.00
10  female 14 2.8 2350 2600  80.00 2450  19.00  63.00
11 male 13 2.8 2150 33.00  81.00 22.50  29.00  67.00
12 female 14 4.2 26.00  31.00 8500 2650 2450  62.00
13 female 14 2.5 21.00  29.00  86.00 23.00  26.00  73.00
14 female 13 2.5 21.00 2550 84,00 21.50 2150  67.00
Mean 13.13 3.82 21.64  27.04 81.21 2296  20.86  62.50
+SD +1.19 +1.30 +2.01 +£383 +572 +£1.89 +434 +£6.76




Table 2 Descriptive statistics of cephalometric measurements at before and after molar
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distalization
Before (T1) After (T2) T2-T1
Measurements Significance
Mean SD Mean SD Mean SD
6-PP (mm) 21.64 2.01 22.96 1.89 1.32 0.61 .001
6 to PP-ptm (mm)  27.04 3.83 20.86 4.34 -6.18 2.59 .001
6-PP (degree) 81.21 5.72 62.50 6.76  -18.71 6.79 .001
Table 3 The measurements of right side
Before (T1) After (T2) T2 -Tl
Patient 6-PP 6 to PP- 6-PP 6-PP 6 to PP- 6-PP 6-PP 6 to PP- 6-PP
(mm) ptm (mm)  (degree) (mm) ptm (mm)  (degree) | (mm) ptm (mm)  (degree)
1 21.00 26.00 83.00 23.00 17.00 59.00 2.00 -9.00 -24.00
2 20.00 25.00 82.00 22.00 14.00 48.00 2.00 -11.00 -34.00
3 20.00 27.00 82.00 20.50 22.00 69.00 0.50 -5.00 -13.00
4 22.00 29.00 78.00 23.00 20.00 53.00 1.00 -9.00 -25.00
5 23.00 29.00 88.00 24.00 24.00 63.00 1.00 -5.00 -25.00
6 22.00 24.00 69.00 24.00 19.00 56.00 2.00 -5.00 -13.00
7 18.00 22.00 71.00 20.00 19.00 61.00 2.00 -3.00 -10.00
8 24.00 34.00 89.00 26.00 25.00 68.00 2.00 -9.00 -21.00
9 23.00 26.00 79.00 24.00 22.00 66.00 1.00 -4.00 -13.00
10 24.00 28.00 80.00 25.00 21.00 63.00 1.00 -7.00 -17.00
11 22.00 35.00 81.00 23.00 30.00 67.00 1.00 -5.00 -14.00
12 27.00 33.00 85.00 27.50 26.00 62.00 0.50 -7.00 -23.00
13 22.00 33.00 86.00 24.00 30.00 73.00 2.00 -3.00 -13.00
14 21.00 27.00 84.00 21.50 23.00 67.00 0.50 -4.00 -17.00




Table 4 The measurements of left side
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Before (T1) After (T2) T2-TI1
Patient | 6-pp 6 to PP- 6-PP 6-PP 6 to PP- 6-PP 6-PP 6 to PP- 6-PP

(mm) ptm (mm)  (degree) (mm) ptm (mm)  (degree) (mm) ptm (mm)  (degree)
1 21.00 24.00 81.00 23.00 15.00 57.00 2.00 -9.00 -24.00
2 19.00 23.00 82.00 21.00 12.00 48.00 2.00 -11.00 -34.00
3 19.00 22.00 83.00 19.50 16.00 70.00 0.50 -6.00 -13.00
4 22.00 27.00 78.00 23.00 17.00 53.00 1.00 -10.00 -25.00
5 22.00 30.00 88.00 23.00 23.00 63.00 1.00 -7.00 -25.00
6 21.00 22.00 68.00 22.00 17.00 55.00 1.00 -5.00 -13.00
7 18.00 20.00 70.00 20.00 17.00 60.00 2.00 -3.00 -10.00
8 24.00 34.00 89.00 26.00 25.00 68.00 2.00 -9.00 -21.00
9 21.00 24.00 79.00 23.00 20.00 66.00 2.00 -4.00 -13.00
10 23.00 24.00 80.00 24.00 17.00 63.00 1.00 -7.00 -17.00
11 21.00 31.00 82.00 22.00 28.00 68.00 1.00 -3.00 -14.00
12 25.00 29.00 84.00 25.50 23.00 61.00 0.50 -6.00 -23.00
13 20.00 25.00 86.00 22.00 22.00 73.00 2.00 -3.00 -13.00
14 21.00 24.00 85.00 21.50 20.00 68.00 0.50 -4.00 -17.00




Table 5 The means of measurement in left and right sides
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6-PP (mm) 6 to PP-ptm (mm) 6-PP (degree)
Mean SD Mean SD Mean SD
Right TI1 22.07 2.16 28.43 3.98 81.21 5.73
T2 23.39 2.03 22.28 4.55 62.50 62.50
T2 -T1 1.32% 0.64 -6.14* 2.54 18.71* 6.79
Left TI 21.21 1.93 25.64 3.99 81.07 6.03
T2 22.53 1.83 19.43 4.36 62.36 7.15
T2 -T1 1.32% 0.64 -6.21* 2.72 18.71* 6.79

*p=0.001

Appliance design

The maxillary first molars were distalized and extruded with mini-implant

anchorage and extruded sectional arch wire (ESAW). ESAWs (Fig. 8) were constructed in the

following way:

1. A molar end was placed in the headgear tube of the molar band.

A molar stop was used to transfer force to the molar, to adjust for moving the

hook of the ESAW to the same location after the molar movement at the next

visit, and to ligate to the a hook of the molar band for preventing the rotation

of ESAW.

3. The arm was bent in a horizontal and vertical part. The ratio of the horizontal

and vertical part of the ESAW related to the mini-implant was approximately

2:1.

for applying distalized and extruded force.

A hook was located anteriorly and superiorly in relation to the mini-implant
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A force vector was angulated to horizontal plane 30 degree. When 250-g force

was separated to vertical and horizontal vector, force was 216 g in horizontal and 125 g in

vertical. (Fig. 9) Hook (4
Mini-implant

Vertical arm (3)

Molar end (1) 7]

Molar stop (2)

' 2a

Horizontal arm (3)
Fig 8. Diagram of extruded sectional arch wire (ESAW) related to mini-implant

216g

250g 125¢

Fig 9. Separated force in horizontal and vertical vector

Clinical Observations

The insertion of the mini-implant was quick and simple. But two patients were
excluded because of the failure of the mini-implants before and initial molar movement. (Fig. 8)
In one case, the mini-implants were placed for 3 times but the mini-implants were displaced and
mobility during initial force application. In another case, the mini-implants were not stable after
the placement and dislodged after force application. Soft-tissue inflammation problems around the
mini-implants were noted in two cases and suspected as the cause of failure.

However the maxillary first molars were overcorrected by the mini-implant
anchorage, the extruded sectional arch wire, in some case, exhibited a problem during the

treatment. Two failed mini-implants were on the left of 2 patients from 14 patients. The



20

distalization of the teeth was continued by unilateral force application on right side until the

overcorrection was done. No problem of the molar was rotation.

Fig. 10 The two case that loss of the mini-implants were excluded

Two cases presented palatal ulcer related to the palatal arch with loop. When the
molar were distalized for a few months, the palatal arch was tipping and impinged into the palatal
mucosa. (Fig. 9) In one case, the patient complained about pain but another case was no pain.

New palatal arches without loops were replaced.

Fig. 11 The palatal arch was pressed into the mucosa

In 2 cases, the extruded maxillary first molars had first degree mobility indicated
traumatic from occlusion. The molars were intruded during biting. Therefore, the bite was raised
with composite on the occlusal surface of the maxillary premolars during molar distalization.

(Fig. 10)

Fig. 12 The raised occlusion with composite
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CHAPTER 4

DISCUSSION

The use of mini-implants has become an alternative mode of treatment in
orthodontics over the last two decades. The esthetic and social concerns of the use of headgear
wear for molar distalization and the anchorage loss that occurs with the application of intraoral
molar distalization mechanics stimulated many investigators to use mini-implants for anchorage.

The objective in this study was to design a new appliance in conjunction with
mini-implant to distalize and to extrude the first molar in Class Il patients with hypodivergent
facial profile.

The maxillary molars were moved 6.18 mm distally and 1.32 mm occlusally
during 3.82 months with mini-implant anchorage and extruded sectional arch wire. The rate of
movement was 1.7 mm per month distally. In previous studies, the cervical headgear moved
maxillary molars 3 - 4 mm distally and 1 — 1.5 mm occlusally during 10 -11 months." '
Additionally, at age from 7.5 to 13.5 years, distal dental relocation by using cervical headgear and
edgewise appliances was more significant in the apex of the maxillary molars (0.47 mm/year) and
gradually decreased in the center of resistance (0.34 mm/year) and in the molar cusp (0.25
mm/year).17 Vertically, none of the skeletal (0.67 mm/year) or dental (1.19 mm/year) changes was
signiﬁcant.17 So it can be implied that mini-implant anchorage and extruded sectional arch wire
can move maxillary molars more distally and occlusally than the cervical headgear in shorter
period of time.

Compared to other intra-oral molar distalization appliances, our appliance can
move molar 6.18 mm distally during 3.82 months. The distal jet moved the crowns of the
maxillary first molars distally of an average of 3.2 mm during five months.” And the Jones jig
moved the maxillary molars 2.8 mm distally with 2.5 months.’’ Additionally, the rate of molar
distalization was 1.7 mm per month in our study while the conventional intra-oral appliances

3,8, 18, 24, 27, 32

distalized the maxillary first molar at the rates of 0.6 to 1.2 mm per month. The
amount of distalization in this study is greater than other intraoral techniques due to light

continuous force appliance without anchorage movement. The comparison is shown in Table 6.
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Table 6 The distance and the rate of molar distalization

) Distance Time Rate
Authors Appliance
(mm) (months)  (mm/months)

Extra-oral appliance
Taner etal"" Cervical headgear 3.15 11.38 0.28
Haydar and Uner’' Cervical headgear 3.60 10.7 0.34
Intra-oral appliance
Bolla et al’ Distal jet 3.2 5-7 0.6
Ghosh and Nanda"® Pendulum 3.37 6.21 0.55
Taner etal " Pend-X 3.81 7.31 0.52
Bondemark et al”’ Supercoils 3.2 6 0.53

Magnets 22 6 0.36
Gelgor et al”’ Screw—supported 3.9 4.6 0.85
Gelgor et al” Intraosseous screw 3.95 4.6 0.86
Haydar and Uner’' Jones jig 2.80 2.5 1.12
Our study Mini-implant 6.18 3.82 1.7

During the molar distalization, the teeth were tipped 18.71 degree. Many reports
have found tipping of the first maxillary molar occurring as a result of distalization, which ranges
from 4 to 48 degree with the intra-oral appliance and 6.96 degree with the headgear.3’ SIS
However, the broad range of the standard deviation of angular changes in maxillary first and
second molar positions suggest that the amount of distal tipping cannot be predicted for both
appliances.38 The reason of molar tipping is in the fact that the vectors of the distalizing force and
the reactive force were located occlusally to the center of resistance (CR) of the molars. In a case
when only the maxillary first molar is banded, the center of resistance lies at approximately the
trifuracation of the root. When the force vector passes below the center of resistance, then distal
crown tipping is introduced. By this way, the moments were generated on teeth, tending to tip the
molars distally.

The maxillary molar were moved 1.32 mm occlusally during 3.82 months with

the rate of 0.39 mm per month with mini-implant anchorage and extruded sectional arch wire. In
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normal eruption, the values of the maxillary molars to palatal plane between age 12 to 15 years
occurred 2.5 mm in male and 1.1 mm in female.” And during mixed to early permanent (9-13
years) and early permanent to adult (13- 20 years) dentition, the means maxillary molar eruption
related to the palatal plane were 3.38 mm and 4.42 mm in male and 4.96 mm and 1.63 mm in
female, respectively.40 When measured from Sella, the teeth moved downward 0.4 mm and 4.5
mm in female and 3.5 mm and 3.2 mm in male between 10 to 12 and 12 to 14, respectively.41 In
Class II division 1, the maxillary molar moved downward from Sella 2 mm and 2 mm in female
and 3.4 mm and 2.9 mm in male between 10 to 12 and 12 to 14, respectively.41 This may suggest
that the appliance was increase the eruption rate of the maxillary eruption due to light persisting

force was applied.

Table 7 Reference line and point of the recent study used to measurement molar movement

Reference line Reference point
Authors
Horizontal Vertical Extrusion Distalization

Maxillary superimposition at ANS Mesiobucal cusp Most distal point

Taner et al™® in a line to palatal
plane
Haydar and Uner' CT line RD1 Mesiobucal cusp Most distal point
Bolla et al’ PP line PTV line Centroid point
Ghosh and Nanda®
Bondemark et al”*
A line perpendicular Mesiobucal cusp
Gelgor et al™” of SN pass anterior of
sella
- SN-7° A line perpendicular Mesiobucal cusp
Gandini et a/
of SN-7°

Rana and Becher” Palatal plane Most distal point
Joseph and Butchart™ Palatal plane Mesiobucal cusp
Fudalej et al” Palatal plane Mesiobucal cusp
Sinclair and Little™ Palatal plane Central pit
Rothstein and Yoon'' SN-7° Tip cusp
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The anchorage unit of conventional intra-oral distalization appliance, which
consists of the first and second premolars and the incisors, is unable to completely resist the
reciprocal force and move mesially during distal movement of the molars.”™ " This is contrary to
the finding in the headgear appliance in which spontaneous distalization of premolars was
observed as a result of the distalization of molar teeth.™ ' Similarly, our appliance was able to
initiate first and second premolars to freely drift distally with the help of the transeptal fibers. The
main reason was the fact that the main anchor was the implant. Likewise, direct palatal mini-
implant anchorage allowed distal drift of the premolars with the help of the transeptal fibers while
moving the molars distally.ls' 2 Moreover, anterior crowding has been spontaneously corrected

because of the stretched transeptal fibers.”

The proper correction of Class II malocclusion with hypodivergent facial profile
is molar distalization and extrusion to increase the lower facial height. However, when molars are
distalized into the wedge, clockwise mandibular rotation may be initiated and the chin was
retruded, subsegently. And the backwards movement of the mandible would open the anterior
dentition. Consequently, molar distalization is not often recommended as a treatment strategy for

hyperdivergent patients (ie, those with open bites or high mandibular plane angles).42

Most rapid molar distalization appliances tend to cause the mandible to rotate

, 8, 18, 24, 34, 38
However, after molar

downward and backward, opening the mandibular plane angle.4
distalization, the mandibular rotation reflects more of the inherent growth pattern of an individual
reasserted and rebound is relatively minor.” The mandible was return to the initial sagittal and
vertical positions, especially because of maintenance of the mesofacial growth pattern throughout
treatment.” If treatment had been done earlier, so that more growth remained after treatment is

expected, and more closing rotation of the mandible will be presented.43 So that the cases for our

study were carefully selected from a growing age group, with younger than 16 year old.

The distalization of maxillary molars is often accompanied by distopalatal
rotation, distal tipping, and extrusion of the molars.” Moreover, the effects of maxillary molar
extrusion is palatal crown tipping. In the study, a transpalatal arch was used to exert a control of
molar rotation and palatal tipping.

The overcorrection is necessary because the distalized molars that wused as

anchorage will be moved forward during the retraction of the premolars, canines, and incisors, so
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. 27,45 .. . . .
that the overcorrection serves to compensate for the anchorage loss. In addition, distal tipping
of the molars produces more crown than root movement, and overcorrection compensates for the
subsequent forward movement of the molars into a Class I position because the crowns move

. 33-35,3
mesially more than the roots. >

There were 2 patients excluded from this study because of the failure of the
mini-implant. They showed local inflammation around the mini-implant before or initial force
application. Cheng et al® stated that two-thirds of the failures were noted before loading or within
1 month after orthodontic loading was initiated. Mini-implants are troublesome for patients
because of the severity of the surgery, the discomfort during initial healing, and the difficulty in
oral hygiene.25 The previous study stated that the mini-implant may be lost or become loose as a
result of various factors, such as inflammation of the peri-implant tissues and improper
placement.“’ * Inflammation of the soft tissues around the implant can damage the bone
surrounding the neck of the mini-implants. With progressive damage of the cortical bone, the

mini-implants can be endangered and produced the mobility and loss of the implants.49' o

Poor attention to oral hygiene lead to inflammation in the tissues around the
mini-implants and hastened their loss.”” At other times, oral hygiene did not affect success, but
local inflammation around the mini-implants did.” Local inflammation can be exaggerated not
only by oral hygiene but also by weak nonkeratinized soft tissue around the neck of the mini-

. 53
implant.

Peri-implant soft-tissue type, health, and thickness can affect stationary
anchorage of the mini-implant.54 Mini-implants placed in nonkeratinized alveolar tissues have
greater failure rates than those in attached tissues.”’ The movable, nonkeratinized alveolar mucosa
is easily irritated; soft-tissue inflammation around the mini-implant is directly associated with
increased mobility.49 Additionally, mini-implants placed in regions of thick keratinized tissue are

less likely to obtain adequate bony stability.55

In patients with thick mucosa, the distance between the point of force application
and the center of resistance of the mini-implant will be greater than usual, thus generating a large
moment when a force is applied.56 So that, the mini-implant length was usually determined by the
transmucosal depth (the distance between the anchoring bone surface and the emergence point

through the mucosa), rather than by the depth of bone available for anchorage.46 However, the
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selection of the mini-implant length was according to the thickness of the oral mucosa and

**"% But the short implant gives sufficient

recommended to allow 5 to 6 mm of bone support.52
bone fixation, independently of placement.59 The quality of implantation and bone structure are
more important than the length of the orthodontic implant.sg More bone contact with the implant
surface is believed to imply higher implant stability.59

In our clinical study, short facial patients mostly have short posterior alveolar
height so that the vestibules were shallow with short keratinized tissue. The position for mini-
implant placement was limited, so it was placed near the cervical of the teeth to accommodate the
distance between the mini-implant and the hook of sectional wire for extrusion. However, buccal
soft tissues are thickest, closest to and farthest from the cementoenamel junction (CEJ) and
thinnest in the middle.” We placed the mini-implant near CEJ where the soft tissue is thick, so
that the bone contact with the mini-implant may be less. Luckily, buccal cortical-bone was
thickest closest to and farthest from the CEJ and thinnest in the middle.” This thick cortical bone

can help to hold the mini-implant even it was stay in the bone lonely a couple millimeters. In 14

cases, the all mini-implants were success except 2 mini-implants were loss after loading the force.
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CHAPTERS

CONCLUSIONS

The present study aimed to invent the appliance using the mini-implant
anchorage for maxillary molar distalization and extrusion in Class II malocclusion patients with
hypodivergent facial pattern in adolescent patients. Class II molar relationships were
overcorrected to Class I within 3.82 months. The maxillary first molars were moved by the mini-
implant anchorage and the extruded sectional arch wire for an average of 6.18 mm distally and
1.32 mm occlusally with 18.71 of distal crown tipping. The rate of maxillary molar distalization
was 1.70 mm per month. Additionally, the maxillary first premolars and the incisors were moved

distally without applied force during the maxillary molar distalization.
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