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ABSTRACT

Introduction; Deepbite can be treated orthodontically by lower incisor intrusion but
the flaring of lower incisors is common side effect that might come from the design of appliances and
technique of activation. Therefore, the labial alveolar bone response for this intrusion are unclear.
Objectives: the aims of this study were to develop a technique for lower incisor intrusion which
minimized the effect of proclination, present the treatment effects of tooth movements and investigate
the changes of labial alveolar bone thickness (LBT) after lower incisor intrusion. Material and
methods: the 22 subjects (mean age 1.4+ 0.8 years) being indicated of lower incisors intrusion were
divided into 2 groups, treatment and control groups. A 0.017x 0.025 inch TMA with L loop and 2
passive steps up was used to correct deepbite. The changes of tooth movements, the lower incisors,
the lower first premolar and the lower first molars in control and study groups were assessed by
Iateral cephalograms and the differences within group were evaluated by paired ¢ test. The growth
effect in control group (comparison between before and after observation (T0 and TF respectively))
and the treatment cffect in study group (comparison between before and after intrusion (T1 and T2
respectively)) were evaluated by independent £ test for the differences between groups. The CBCT
scan was used to assess the labial bone thickness changes between before and after intrusion in 3
slices within study group. Results: In control group, the lower incisor extruded by about 0.7+ 0.3 mm
retroclined at about 0.7+ 0.2°and but not of significance. The lower first premolar and first molar
extruded 0.4+ 0.3 mm and significantly showed an increase of vertical direction at about 0.4+ 0.3 mm
and 0.2+ 0.2 mun respectively, In study group, the lower incisor was intruded 2.5+ 0.2 mm and
retroclined at about 1.5°+ 0.7° significantly. The treatment outcomes of posterior teeth movement
was nearly the same resylts as in control group. Rate of lower incisor intrusion was 0.4 mm/month.
When differentiated the growth effect from the treatment effect, the lower incisor was intruded
3.3+0.1 mm and retroclined at about 0.8 0.2° significantly, thus the rate of lower incisor intrusion

was (.5 mm/month. The LBT at marginal level was decreased -0.2+ 0.2 mm {(p value <0.01) but the
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LBT at apical level was increased 0.4 £+ 0.6 mm (p value <0.03). Conclusion; This intrusion
technique could intruded and retroclined the lower incisors with minimal adverse effect of posterior
teeth extrusion. The lower incisor was moved downward into the more alveolar bone housing
especially at the mid root and apex level but there was decreased labial bone thickness at marginal

level. However, the longer period of abservation is needed for completed remodeling process.
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CHAPTER 1

INTRODUCTION

Background and ratienale

Deepbite can be treated orthodontically by intrusion or flaring of the incisors,
extrusion or passive eruption of the buccal segments, or a combination of these. Intrusion of the
maxillary incisors is not indicated in patients with normal incisal display and with normal or long
lower facial hcightl but in class II malocclusion patients with deepbite and a large overjet,
supraeruption and a more proclination of lower incisors particularly presented, especially in growing
children,” and the upper half of the anterior part of the symphysis being resorbed and move backward
simultaneously.3 Moreovert, there was lower incisor proclination even though in non-growing class II
paticntsz. The lower incisors infrusion technique is one of the treatment strategies correcting this
problem using an utility arch,‘”S a Burstone’s intrusive arch, " a Connecticut introsive arch (CIA),” " a
reverse curve of Spee arch wire," a step down arch wire or mini<implants anchorage supported for
intrusion etc.

In order to intruded the lower incisors, because of the less total root surface area and
the sharp point of force exertion at the apex, the light optimum force level generally used to prevent
the apical root resorption.u-m Therefore many treatment modalities exist including proclined the
lower anterior teeth instead of pure intrusion, This proclination of the lower incisors causes the
gingival recession due to the lack of space and the position of those teeth was moved out beyond the
anatorical limit of alveclar bone housing at lower anterior regicm.ls'“S

The side effects of lower incisors intrusion technique from many previous studies
might came from the design of the intrusion technique and activation. From the studies of deepbite
correction, " the prevention of the adverse side effect from intrusion technique was purposed in many
treatment modalities, using the lower intrusion force level less than the optimal force level which had
been claimed by many authors, """ moved back the point of force application closer to the center of

resistance of lower anterior teeth as possible, made the counter clockwise moment in the anterior

bracket to create the lingual crown torque or else reinforced the posterior buccal segment.



In order to move the teeth in vertical direction, the vertical loops might be one of this
treatment modalities but the shape and position of the different loop types might create the various
effect. L loop is one of designs that created an extrusion force on the short end and an intrusion force
on the long, this response might be useful for patients with a deepbite, when the L shape can be
directed toward the posterior teeth.” L loop is one of the design that would being adjusted and
activated to move downward the opposite portion of the L loop. Moreover, the study of Rabound,
Faulkner, Lipsett and Haberstock found that the more length of L loop portion could exert the lower
force level. Even though the L loops showed the highest moment-to-force ratios on closing brackets,
the addition of a coil increases the length of the loop slightly lowered the vertical force and
load/deflection compared with loops without coils when being activated and also generally reduced
the stiffness of the archwire(load/deflection). The beta titanium alloy archwire, which exerts the lower
load/deflection ratio and has high formidability capable to perform this ability.

Otherwise of the L loops, the design of a step bend in a rectangular archwire was
used for many years to resist proclination and control the lower incisor inclination during intrusion.
Developing a new technique from this knowledge and well-design treatment sequence could produce
a lower in¢isor intrusion with the minimal effect of lower incisor proclination and this is the purpose

of this study.



Review of the literature

Management of deepbite occlusion with the lower incisor intrusion appliances

1. Lower intrusion arch and biomechanics

Burstone' first described intrusion arch mechanics as part of the segmented arch
technique which were made of stainless steel wires with the helical springs in front of the molars to
reduce the load deflection rate, In 1980, beta-titanium alloys replaced stainiess steel, eliminating the
need for a helical spring due to the tifanium wire’s low stiffness. The objective of using auxiliary
springs, such as an intrusion arch, is the improved control of the applicd forces, both relative to the
quantitative and qualitative force systems. The design of the intrusion arch allows accurate prediction
of the directions of the forces that the springs exert on the teeth, Spring of this design are statistically
determinant, i.e. it is possible to measure the magnitude of all the force on the incisors is balanced by
an equal but opposite exirusive force at the molar tube. These two forces produce an “interbracket”
couple which is opposed by an “intrabracket” couple of equal magnitude but in an opposite direction
at the molar tube. The biomechanics factors are important in understanding intrusive mechanics as
follow":

- Magnitude of force: Which is by about 8-10 g at central and lateral lower
incisors, 25 g at the lower canine?

- Force constancy/ lead deftection rate: The segmented springs exert forces in a
range greater than the intended tooth movement. The deflection of the spring cngaging it to the
incisors exceeds the amount of deepbite correction. This feature both reduces the maguoitude of the
applied force and improves its constancy. A more continuous, low force allows increased time
intervals between adjustments and may be gentler on the responding tissues.

- Point of force application: This is most often at the central incisors a bracket.
This point and the line of action determine the tendency for the force to produce rotational movement.
When the line action was applied passing through the center of resistance of the tooth produces pure
bodily movement. The effect of this force vector on the incisor is both a downward movement and a
crown-labial/ root apex-lingual rotation due to the moment of this force. But when the force applied

to the flared tooth, the rotational effect would be increased the moment of the force because this



moment is the product of the force magnitude times the distance of the line of action to the tooth’s
center of resistance. By the way, when the intrusive force passes lingual to the center of resistance,
producing the small moment with a crown-lingual/ root-labial direction then the force would tend to
increase their uprightness. The point of force application is determined by selecting the appropriate
tie-in point which produced different clinical effects depending on the specific circumstances of its
use. To vary the line of force, applying additional force especially in the distal direction is necessaty.
Clinically, the distal force can be applied by cinchback of the intrusion arch in the molar tube the
cinchback minimizes the potential for the overjet to increase by fixing the point of rotation of the
intrusion arch spring, without the cinchback, the intrusion arch is free to slide forward, with the
potential for lower incisors proclination. When applied the greater distal force direction which being
not greater than the intrusive force, a resultant vector would follows the long axis of the tooth. The
combination of deepbite correction and ovetjet reduction can be achieved at the same time.

- Molar tipback moment: An intrusive incisor force balances the extrusive force
on the molar, Additionally, the spring delivers a tipback moment on the molar. The magnitude of this
moment is calculated by multiplying the distance between the molar tube and the point of attachment
at the incisors, which ranged between 25-40 mm. with an intrusive force of 40 g, the tip back moment
acting on the molars may range from 1000-1600 g-mm. The moment magnitude is sufficient to
produce a small amount of mesial lower molar movement, This tipback moment aids in the correction

of class II molar relationships.

2. The lower utility arch

Late in the 1950 Ricketts” and others attempted to counteract the tipping that
oceurred in the buccal segments in extraction cases by utilizing the immutable lower incisors as an
anchor unit to hold the lower second premolars and molars upright in the canine retraction process.
This arch is best fabricated from 0.016x 0.016 inch Blue Elgiloy wire. The development of the lower
utility arch is dictated by the requirement that the light force by about 75 g could be delivered in a
continuous manner off of long lever arm from the molar to the incisors. The arch is stepped down at
the molar, lies in the buccal vestibule and is stepped back up at the incisors to avoid interference from
the forces of occlusion that would distort it. This buccal bridge section flared slightly buccally to

prevent tissue irritation opposite the vertical steps as the arch approaches the tissue and the incisor



teeth being intruded. The design of this appliance as follow: 1) 30 to 45° Tip back bend applied to the
lower molar in order to produce the intrusion force therefore, an excessive over rotation of these teeth
might be occurred. Some authors found that there was molar extrusion. The posterior teeth extrusion
particularly came about from the reciprocal extrusion force at the buccal segment during anterior
teeth intrusion even though using light foree'. 2) 30 to 45° buccal root torque applied to the lower
molar to enhance the posterior anchorage system by the heavy cortical plate. 3) 10 to 15 labial root
torque is applied to the anterior portion of the utility arch to prevent flaring of lower incisors which

was due lo an anterior point of force application in front of the center of resistance.
3. Reverse curve of Spee archwire

Reverse curve of Spee wire correct deepbite primarily by extrusion of posterior
teeth, along with flaring of the lower incisors, Both extrusion and flaring may be unstable movements
in many patients due to their effect on the facial neuromuscular balance. Reverse curve of Spee also
alter the axial inclinations of posterior teeth, which may also contribute to 1'(:Eapse.3

Hong, Hong and Koh'' found that weather using the technique which the intrusive
force being closed to the center of resistance of the lower incisors, a reverse curve of Spee stainless
steel arch wire, the proclination of the lower incisors after treatment still remained but produced the
minimal side effect at the posterior teeth. Some lower incisors proclination was seen at about 1.2+
3.1 °, and the lower molar was extruded 0.3 0.6 mm but not of significance. The success of
orthodontic treatment was claimed on the control of reaction forces, the undesirable reaction forces
generate during intrusion seem to be neutralized by the buccal stabilizing segment of the lower first
and second molar.

Flaring of lower anterior teeth can effectively decrease deepbite which secondary to
the rotational movement of the incisor crowns. For mild-to moderate correction this approach may be
very effective. This option may be indicated in patients with lingual tipped incisors, such as in class Il
division 2 patients, or class III malocclusion with that can withstand flaring of the lower incisors.”
The risk of flaring teeth include stability of proclined incisors because of the possible disturbance of
the perioral neuromuscular balance. in nonextraction patients with anterior crowding, arch expansion
and alignment takes place by proclination of the incisors as well as widening of the arch

circumference.



4. Step down bends

Placement of step down bends in the archwire is also commonly used to correct
deepbite. This method of correction combines extrusion of the adjacent cuspids and posterior teeth
and perhaps some intrusion of the incisor. The force system from step bends has been described by
Burstone and Kor:nig.21 In addition to the vertical forces, the step bends create two moments in the
same direction causing changes in the axial inclinations of tecth and cant of the occlusal planes that
being shown as Fig 1. Step bends are indicated when there is a step between the anterior and posterior
occlusal planes, in cases with moderate-to-minimal incisal display, class I occlusion. The primary
drawback of this approach is the resultant indiscriminate posterior extrusion versus anterior intrusion

and the change in cant of the occlusal plane towards a deeper bite.

Fig, 1 forces and moments in step down bend.



5. The nickel titanium intrusior arch (CIA) and beta titanium intrusion arch (CNA)

The CIA® arch are fabricated from nikel-titanium wire, providing the advantages of
low force magnitude and force constancy from the memory and springback charactistics of the
material. This arch wire bypass the canine and premolar brackets with insertion into the molar
auxiliary tube and the preactivation bend is located anterior to the molar tube. The CIA and CNA® are
available in two dimensions (0.016x 0.022 and 0.017x 0.025 inch). The CIA also available in short
and long size in both maxillary and mandibular arch. The length of span are based on the moment
bends placed in front of the molars. The CNA wire are fabricated from beta-titanium alloys which are
advantageous due to their lower elastic modulus compared to stainless stecl while being bent, which
being not possible with the nikel-titanium wire. And The CNA wire also produces the higher force
maginitude compared to nickel-titanium wire. Adjusting the preactivation bends allows the clinician
to control the magnitude of force.

Preparation for lower intrusive arch mechanics needs the double tube molar
attachment for accessory spring. This allows use of the auxiliary tube for the active intrusion spring
and the main slot of the tube can be used for primary archwires or buccal segments. Typically the four
incisors are bracketed for intrusive mechanics. A rigid anterior segment joining the incisors is ideal
for intrusion as it minimizes the interincisors movement. At the same time, four incisors can move as
one multirooted tooth. The use of buccal segments on posterior teeth redistribute the reactive
extrusive and molar tipback effects to several teeth, limited their expression. The buccal segment is
not needed when the greater amount of molar cotrection was preferred. However, the buccal segment
may not always eliminate the molar tipback and extrusion. Within the buccal segment, there is greater
risk of extrusive tooth movement of the teeth anterior to the molar. The combination of the tipback
rotation and extrusion is magnified in teeth more mesial to the molar tube. This effect could be

problematic with respect to the canines.

Intrusion of incisors and apical root resorption

A major risk factor associated with orthodontic treatment is external apical root
resorption. The specific concern is the amount of root loss in response to the direction of movement,

especially incisors intrusion. But from the study of Baumrind ef al” there was an average of < 0.06



mm of root shortening per mm intrusion but not of significant associations between the directional
vartables of intrusion and root resorption. Similarly, in the study of Deshiclds,” Kaley and Phillipsz‘4
did not show any cause and effect relationship refated to intrusion and resorption of lower incisors
intrusion. However, heavy force application produced significantly more root resorption than light
force application or control. During orthodontic treatment, progress radiographs obtained after 6 to
12 months might detect early root resorption. In patients in whom root resorption has been identified,
thete is some evidence that a 2 to 3 month treatment pause (with a passive archwire) decreases further

. 25
root resorption.



Objectives

1. To develop a technique for lower incisor intrusion with minimal effect of labial
proclination.

2. To evaluate the tooth movement at the lower incisors, fower first premolar and
lower first molars compared with the growth effect particularty being treated in growing patients.

3. To evaluate the labial alveolar bone thickness changes after the lower incisor

intrusion,
Hypothesis

1. The posterior teeth of this lower incisor intrusion technique is cxtruded after
treatment.

2. The alveolar bone thickness at each root level was not changed after lower incisor
intrusion.

Significance of this study

If the study support the hypothesis that this lower incisor intrusion technique
prevented the posterior teeth extrusion either lower first premolar or lower first molar, the lower
incisors rate of tooth movement, changes of the inclination, initial alveolar bone thickness, and
amount of intrusion are related to alveolar bone changes after lower incisor intrusion. Pre-therapeutic
evaluation of bone structure and tooth conditions may be necessary to predict the treatment effects
and undesirable effects after lower incisor intrusion. The comparison between the study and mateh-

paired control group could identify the pure treatment outcomes of this appliance.



The limitation of this study

This study was performed under the limitation of time and sample size, thus the
long term response of the alveolar bone could not be investigated. A longitudinal follow up study
would be beneficial in explaining. The larger sample size would provide more powerful evidence in

explaining the correlation between those factors.



Samples

CHAPTER 2

RESEARCH METHODOLOGY

The study was approved by the ethical committee of Faculty of Dentistry, Prince of

Songkla University. The population for this study was selected from the orthodontic clinic at the

dental hospital, Faculty of dentistry, Prince of Songkla University. Subjects were randomly selected

from the new patient pool based on the following inclusion criteria.

1.
2

5.
6.

Deep curved of Spee > 3 mm.

Skeletal class I or class II malocclusion with hypodivergent (SN-GoMe < 28°)
or normodivergent pattern (SN-GoMe = 33+ 5°).

Growing status indicated Cervical Vertebrae Maturation Index (CVM) stage 3-
4%

Good general health, no underlying disease altering bone metabolism such as
hyperthyroidism, hypothyroidism and etc.

No history of trauma on the lower anterior teeth.

Good cooperation for in-office daytime period.

The exclusion criteria were:

1.

4.
5.

Skeletal class I or class Il malocclusion with hyperdivergent pattern (SN-MP >
38°).

No remaining growth from Cervical Vertebrae Maturation Index, indicated
which being not in stage 5-6.

Present underlying disease such as hyperthyroidism, hypothyroidism.

Present history of trauma on the lower anterior teeth.

Lack of cooperation and compliance for in-office daytime period.

All the patients and their parents were informed about the purposal of the study and

signed the consent form. 22 subjects were selected from the patients pools, each subject was inform

about the study objectives, procedures and risk-benefit of the participation in this study. The consent

form was signed prior to the study by their parents. The 22 subjects were stratified into male and
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female groups, then they were selected into control group and study group with double-blind
balanced randomized allocation. All of the patients were instructed the oral hygiene care for the use

of dental floss and tooth brushing technique before and during treatment.

Material and methods

Development of this appliance

In order to move the teeth in vertical direction, L loop is one of designs that created
an extrusion force on the short end and an intrusion force on the long end, the L loop activation would
represent the step bends effect that create two moments in the same direction causing changes in the
axial inclinations of teeth as shown in Fig. 2. Moreover, L loops would be adjusted and activated to
move downward the opposite portion. The L shape was directly toward the posterior teeth. In order to
use the archwire which exerted the lower foree level while being bent and activated, the beta titanium
alloy archwire was used. The various dimensions of L loops were tested with the universal testing
machine for optimal force level, The L loop size 4x6 mm could exert the amount of forces by 25-30 g
at the canine position and 55-60 g at the lower incisor region when being activated for intrusion by

0.5 mm. The activation of L loop was illustrated as shown in Fig 3.

Treatment sequences and appliances

Treatment protocol

Before the treatment, the patients were treated with preadjusted edgewise fixed
appliances as per Roth’s prescription, being a bidimensional technique (with 0.018 x 0.025 inches slot
size at the lower incisors and 0.022 x 0.028 inches slot size at the lower canine and posterior teeth).
The lower teeth were bonded and being aligned with round NiTi wire until finished with 0.016x
0.022 NiT1 inches wire with the passive 2 step up, at the lower canine and lower incisor regions, fo
keep the curve of Spee before intrusion. 0.017x 0.025 inches wire with L loops mesial to the right
and left lower first premolars and passive step up at the lower incisors was placed for intrusion
technique and being shown as Fig 4. This wire was placed 1 month before intrusion in the oral cavity

which being shown as Fig. 5. The patients were recalled for routine checks every 4 weeks, The arch



wires were adjusted at the L loops to intrude lower canines | mm/visit until achieving the same level
as the lower first premolars (the force level is 55-60 grams approximately) and then reducing the step

up of lower incisors simultancously every visit until achieving flat a curve of Spee.

Y N
T 3

Fig. 2 Forces and moments create by L loop activation.

Ch

Fig. 3 L loop activation to intrude the anterior portion. a, before activation. b, open the loop

by open the distal L shape then the anterior portion move downward and forward. ¢,

move the anterior vertical leg upward and backward into original horizontal position.



Fig. 4 A lower intrusion arch wire with L loops in this study.
Records and data analysis

The analysis of the tooth movement in control and study groups were derived from
cephalogram tracing., The registrations from the lateral cephalograms were performed on acetate
tracing paper. To evaluate the changes of tooth movement, the vertical jigs with rectangular and
circular loops were placed at the same right and left first premolars and molars respectively in study
and control groups, The comparison of the two lateral cephalograms were evaluated before and after
intrusion in study group (T1 and T2 respectively), before and after observation period in control
group TO and TI respectively). The T1 cephlograms in study group was shown as Fig. 6. All
cephalograms were taken with the same calibrated cephalostat. The magnification factor of the lateral
cephalograms was similar both study and control group. The measurement of each parameter was

o
made with a digital vernier caliper. Linear measurements were made to the nearest 0.5 mm and 0.5 .
Reference lines

- MP (mandibular plane): the line through the menton to the lower border of the
most posterior inferior of the angle of the mandible.
- ASP (anterior aspect of internal border of the symphysis plane): The line through

the anterior border of the internal border of the symphysis perpendicular to the mandibular plane.



- PSP (The most posteroinferior aspect of internal border of the symphysis plane):
The line through the posterior border of the internal border of the symphysis perpendicular to the

mandibular plane,

Fig. 6 A lateral cephalogram before intrusion in study group (T1).



Cephalometric analysis

From tracing cephalometric radiographs, parameters were measured in distances and
angles evaluated the movement of the lower incisor, the lower first premolar and the lower first molar
horizontally and vertically, as shown on Fig. 7 with the following parameters:

- LIMP: The angle between the lower incisors and the MP line.

- LIi_Horizontal: The horizontal distance between the lower incisal tip
perpendicular to the ASP line.

- LIi Vertical: The vertical distance between the lower incisal tip perpendicular to
the MP line.

- LIA Horizontal: The horizontal distance between the lower incisal apex
perpendicular to the ASP line.

- LIA_Vertical: The vertical distance between the lower incisal apex perpendicular
to the MP line.

- L4i Horizontal: The horizontal distance between the cusp tip of the lower first
premolar perpendicular to the ASP line.

- 14i_Vertical: The vertical distance between the cusp tip of the lower first
premolar perpendicular to the MP line,

- LAA Horizontal: The horizontal distance between the mesial root apex of the
lower first premolar perpendicular to the ASP linel4A Vertical; The vertical distance between the
mesial root apex of the lower first premolar perpendicular to the MP and ASP line.

- L6i Horizontal: The horizontal distance between the mesiobuccal cusp tip of the
lower first molar perpendicular to the ASP line.

- L6i_Vertical: The vertical distance between the mesiobuccal cusp tip of the lower
first molar perpendicular to the MP line.

- L6A_Horizontal: The horizontal distance between the mesial root apex of the
lower first molar perpendicular to the ASP line.

- L6A Vertical: The vertical distance between the mesial root apex of the lower
first molar perpendicular to the MP The MP and ASP line.

From T1 in study group or TO in control group, the references grid was performed in

each case. The grid was ASP and MP line, This reference grid that was transferred from T1 to T2 in



study group, from TO to T1 in control group. The superimposition landmark registed at the posterior

part of posterior and inferior internal border of cortex of the symphysis and internal border of

. 2728
mandibular canal,

L6A_Horizon

Fig. 7 Cephalometric landmarks, linear and angular measurement for evaluated treatment cffects.

The labial alveolar bone thickness of the lower incisors (LBT)

. The change of labial alveolar bone thickness in study group was evaluated using CT
scan (3D Accuitomo 170 {J. Morita Corp., 90 ky, 70 mA, 17560 mS, resolution 80 pm voxel size
(0.125 mm/slice}). The line of measurement was perpendicular to the long axis of the lower incisor,
The lower incisor of each case was randomly selected for measurement before and after intrusion (Tt
and T2 respectively). Measurement” was taken at the site adjacent to the widest point of labiolingual
root in 3 slices separated by 3 mm. from CEJ, (81, S2 and S3). The researcher compared the iabial
alveolar bone thickness change after intrusion at labial aspect of marginal level (S1), mid root level

(82) and apical level (83) which was being shown as Fig 8.



Fig. 8 Location of bone thickness measurements before and after intrusion.

Before lower incisor intrusion (T1), all CT scan was taken 3 measurements on the
labial aspect of the root, The same measurement was repeated after completed lower intrusion (T2).
All measurement of the CT scan was traced by the same investigator using the same level as those at
T1, using the same CEJ level.

All data was analyzed with the SPSS 17.0 statistical program. The means and
standard deviations were evaluated. The differences in probabilities of less than 5% (P<0.05) were
considered statistically significant.

1. The differences between the lower incisors, first premolar and first molar
movement before treatment (T1) and after intrusion (T2) of study group were evaluated by Pair t fest,

2. The differences of labial bone thickness of the lower incisors movement before
treatment (T1) and after intrusion (T2) of study group were evaluated by Pair t test.

3, The differences between the lower incisors, first premolar and first molar
movement before and after treatment (T1 and T2 respectively) of study group and control group were

evaluated by the independent t test.

Statistical analysis

The Sharpiro-Wilk test was used to evaluate the normal distribution of the data. The
paired ¢ test or Wilcoxon sign rank test was applied to evaluate the growth cffect and treatment effect
within each group. The independent ¢ test or Mann-Whitney U test was applied to evaluate the

differences between groups with a .05 significant level.
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The reproducibility of measurement of the tooth angulation and the labial bone
thickness was assessed by calculating method error from the difference between two measurements
taken at least two weeks apart. The measurement error was calculated from the formula of

Dahlberg:30 and the reliability of the data was evaluated by the intraclass corrclation cocfficients.

Method error =4/ Zdz / 2n

d = the difference between the duplicate measurements

n = the number of duplicate measurements
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CHAPTER 3

A

dinnsnsmadiodamdonad avsnnaeTgus

RESULT

At the beginning of the study there were 22 subjects participating in this study. The
samples in this study eventually included 14 males and 8 females. The subjects were simple randomly
divined into study and control groups, each group consisted of 7 males and 4 females. The mean age
of control group and study group was 11,2+ 0.8 and 11.5+ 0.8 years respectively, ranging from 10-13
years. The observation time in control group was 6.7+ 1.6 months and the treatment time in study

group was 6.3%1.3 months.

Measurement error analysis

Before research and clinical practice, the prerequisite of identification errors of
landmarks by Trpkova et al % was 0.5 mm and 0.5  from linear distances and angulation
measurement respectively. In this study, the 10 lateral cephalograms were randomly sclected from
both groups and all measurement being repeated 2 weeks apart and calculated to determine the intra
observer reliability. Dahlberg’s error was 0.41 mm ranging from 0.0 to 0.5 mm for the distance
measurement from lateral cephalograms, 0.06 mm, ranging from 0.0 to 0.46 mm for the distance
measurement from computed tomography, and 0.40, ranging from 0.0" to 1.0° for the angular
measurement. The intraclass correlation coefficients were performed to assess the reliability of the
measurements. The reliability of measurements was found to be within 0.81-0.85, and the method

was found an acceptable level.
The lateral cephalometric analysis
The result of comparison of lateral cephalometric analysis between the study group

and control group showed that there were not statistically differences of skeletal and dental

parameters between these groups as being shown in table 1.



21

Table 1 Cephalomtric parameters comparision between control group and study group.

Parameters Control groups (Mean+SD) Study group (Meant+8D) p-value
FH-SN 6.4+2.2 8.8+3.6 0.07
SNA 83.8x1.7 82.3:4.0 0.28
SNB 79.1+1.7 77.7+£3.3 0.24
ANB 4,6+2.0 4.6+1.8 1.00
AQO BO -0.52.7 -(3.443,2 0.94
A_NPerp -0.142.9 -0.542.8 0.76
Pg NPerp -8.2+4.1 -8.243.5 1.00
SN GoMe 32,8424 32.843.3 1.00
FMA 26.4+2.0 24,2449 0.18
Ocel SN 17.6+2.4 19.943.9 0.1
NS Gn 66,5327 68.042.7 0.21
UL NA 34.349.0 38.449.4 0.31
UI-NAmm 10.0+4.0 10.4+3.6 0.80
LI NB 30.248.1 27719 0.46
LI NBmm 7.843.1 7.542.6 0.83
UL LI 111.148.1 108.1+6.7 0.36
UIPP 125.8+£8.0 129.949.4 0.29
LIMP 98.2+8.6 98.5+7.8 0.93
OB 4.5+0.7 4.6+0.8 0.58
oJ 6.2:4+1.9 T1+2.3 0.33
COoS ' 3.140.3 3.4+0.7 0.24
LFH 71.6+2.3 71.6+1.3 0.96

In control group, there was statistically significant forward movement of the lower
incisor apex 0.5 mm (p = 0.04), and the lower incisor retroclined by about 0.7°+ 0.2°and extruded by
about 0.7+ 0.3 mm but being not statistically significant. The lower first premolar significantly
showed an increase of vertical direction by about 0.44: 0.3 mm (p = 0.01). A little bit lower first molar

extrusion was seen {0.2+ 0.2 mm) which was not of significance,
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Table 2 The growth effects in control group.

Parameters Before (TO) After (T1) T1-TO Sig

Mean SD Mean sSD Mean sD

LIMP(") 99.9 7.4 99.2 7.3 0.7 0.2 0.89
LIi_Vertical{mm} 42.0 2.4 42.8 24 0.7 0.3 (.08
LIi_Horizontal(mm) -2.0 4.1 -2.1 4.0 -0.1 0.6 0.49
LIA Vertical(mm) 21.4 8.0 21.9 7.9 0.5 0.4 .31
LIA Horizontal(mm) -7.0 1.9 -6.5 1.8 0.5 0.8 .40
L4i Vertical(mm) 35.7 2.5 36.6 2.5 0.4 0.3 <0.01%
L4i Horizontal(mm) -15.8 2.4 -16.0 24 -0.1 0.3 0.19
L4A Vertical{mm) 13.7 2.4 14.5 2.5 0.4 0.3 <0.01*
L4A_ Horizontal(mm) -10.4 9.2 -10.5 9.2 -0.2 0.3 0.10
L61 Verlical(mm) 324 2.4 3279 23 0.2 0.2 0.11
L6i_Horizontal{mm) -30.6 1.8 -30.7 1.8 0.0 0.0 -
L6A_Vertical(mm) 11.9 2.9 12.2 2.8 0.1 0.2 0.17
L6A Horizontal(mm) -30.6 2.5 -30.6 2.4 -0.4 0.2 0.34

*Significant value p < 0.05

In the study group, as shown in table 3, there was statistically significant
retroclination of the lower incisor by about 1.5°%+ 0.7° (p < 0.01). This lower incisor intrusion
technique could significantly intruded lower incisors by about 2.5+ 0.2 mm ( p < 0.01) and moved the
apex downward more than the incisal region (2.9+ 0.4 mm, p < 0.05). Some lower first premolar
extrusion was statistically significant (0.4 mm, p < (.01).

On the lower first molars, there was a little bit of extrusion by about 0.2+ 0.3 mm
but not of significance, and the movement in the horizontal direction was not seen. This intrusion
technique showed that there was no clinical and statistically significant movement of the posterior

anchorage any direction as shown in Fig. 9 and Fig 10,



Fig. 10 Intraoral appliances after activation in study group (T2).

23



24

Table 3 The treatment effects in study group.

Parameters Before (T1) After (T2) T2-T1 Sig

Mean sSD Mean SD Mean SD

LIMP(") 99.2 7.4 97.6 6.9 -1.5 0.7 <0.01*
LIi Vertical(mm) 43.2 24 40.7 23 -2.5 0.2 <Q.01*
LIi_Horizontal{mm) -3.5 34 -3.6 35 -0.2 0.6 0.34
LIA_ Vertical{mm) 229 7.4 19.9 7.5 -2.9 0.4 0.01%
LIA Horizontal(mm) -7.0 1.5 -6.6 1.6 0.5 0.8 0.07
141 Vertical(mm) 36.8 25 373 2.5 04 0.3 <0.01%
L4i_Horizontal(mm) -16.7 1.8 -16.8 1.8 0.0 0.0 -
L4A Vertical(mm) 14.9 2.2 15.4 2.2 0.4 0.3 <0.01*
L4A Horizontal(mm) -13.3 2.0 -13.4 2.2 -0.1 0.3 0.34
L6i_ Vertical(mm) 32.9 2.2 33.1 1.2 0.2 0.3 0.38
L6i_Horizontal{mm) -30,8 1.2 -30.8 2.4 0.0 0.0 -
L6A Vertical(mm) 12.8 24 13.0 23 0.2 0.3 0.38
L6A_ Horizontal(mm) -30.3 2.3 -30.3 1.2 0.0 0.0 -

*Significant value p < 0.05

The amount of tooth movement and direction in study group were compared with the
control group to analyze the exact effect of this appliance being treated in growing patient. From the
Table 4, the lower incisor inclination in study group was significantly retroclined more than the
conirol group by about 0.8°+ 0.2° {p < 0.01). The amount of lower incisor movement in vertical
direction between two groups was significant, the difference between normal vertical growth and
intrusion effect at lower incisal region and apex was 3.3£ 0.1 mm ( p < 0.01) mm and 3.4+ 0.2 mm { p
< (.01) respectively, the horizontal movement was not of significance. At the lower first premolar,
there was not of difference in vertical dircction between groups but a little bit difference in horizontal
movement al the apex. The lower first molar also showed the same results. The rate of tooth

movements was showed in Table 5,
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Table 4 Differences between growth observation in control group and treatment effect in study group.

Parameters Control group Study group Differences Sig
TI-TO T2-Ti between groups
Mean SD Mean SD Mean sSD
LIMP(") 0.7 0.2 -1.5 0.7 -0.8 0.2 <0,01*
LIi Vertical(mm) 0.7 0.3 2.5 0.2 -3.3 1 <0.01*
LIi_Horizontal(mm) -0.1 0.6 -0.2 0.6 -0.1 0.3 0.86
LIA Vertical{tnm) 0.5 0.4 2.9 0.4 -3.4 0.2 <Q.01*
LIA_Horizontal{mm} 0.5 0.8 0.5 0.8 -0.1 0.3 0.78
L4i_Vertical(mm} 0.4 0.3 0.4 0.3 0.0 0.0 1.00
L4i Horizontal{mm) -1 0.3 0.0 0.0 -0.1 0.1 0.17
LAA_ Vertical(mm) 0.4 0.3 0.4 03 0.0 0.0 1.00
L4A_Horizontal{mm) -0.2 0.3 0.1 0.3 -0.1 0.1 0.53
Lé6i_Vertical(mm) 0.2 0.2 02 0.3 0.0 0.1 1.00
L6i Horizontal(mm) 0.0 0.0 0.0 0.0 0.0 0.0 -
L6A Vertical(mm) 0.1 0.2 0.2 0.3 0.1 0.1 0.66
L.6A Horizontal{mm) 0.0 0.2 0.0 0.0 0.1 0.1 0.33
*Significant value p < 0.05
Table 5 Rate of tooth movements in confrol group and study group.
Growth effect per month  Treatment effect per month Mean p value
in control group in study group differences

Lii_Vertical 0.13 £ 0.06 -0.43 +0.06 -0.5540.02  <0.01%
L4i Vertical 0.07 4 0.05 0.08 £0.04 0.01 £0.02 0.61
16i_Vertical 0.03 £ 0.05 0.03 4+ 0.05 0.00 £ (.02 1.00

*Significant value p < 0.05
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The computed tomography analysis

Shapiro-Wilk test was used to test of normality, and found that mean labial alveolar
bone thickness was normal distribution, When the labial bone thickness was evaluated by CT scan
after intrusion in study group as shown in Table 6, there was significance reduction of the bone at the
marginal level (S1) by about -0.2+ 0.2 mm (p < 0.01). However, the bony was increased at the mid
root level by about 0,1+ 0.2 mm but not of significance. The apical level (S3) showed the similarities

increased bony thickness by about 0.4 0.6 mm (p < 0.01)

Table 6 Difference between growth observation in control group and treatment effect in study group.

Parameters Before {T1) After (T2) Differences {T2- T1) Sig
Mean SD Mean SD Mean sD
Sl 02 0.2 0.1 0.2 -0.2 0.2 <0.01*
S2 0.5 0.5 0.6 0.6 0.1 0.2 0.06
S3 1.7 1.7 2.1 1.4 0.4 0.6 0.03%*

*Significant value p < 0.05
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CHAPTER 4

DISCUSSION

The Tower incisors intrusion is the most suitable deepbite treatment in such a case
indicated deep curve of Spee. Especially in class II patients which the lower posterior teeth was
infracruption and the lower anterior teeth was supraeruption. The treatment plan in this case is
suitable for both intrusion and extrusion of posterior teeth. But the side effects of many treatment
modalities were lower incisor proclination. Even though where there were mechanics preventing the
side effect of lower incisor proclination controlled by using the light force level, or else lingual crown
torque in the anterior portion, the lower incisors proclination might have occurred. To achieve this
objective, the counter clockwise moment at the lower anterior teeth brackets would encountered this
adverse effect and the reciprocal force intruding the lower incisor might enhanced the posterior teeth
extrusion. This study is not involved growing patients with long vertical dimensions; thercfore, the
effect of posterior extrusion might be not worsen the facial opening rotation of mandible and this
technigue enhanced the normal mandibular forward movement.

The success of the prevention of this lower incisor proclination could be explained
from three reasons. First, the step down bend was used in order to intrude the lower incisor, extruded
the posterior teeth and the counter clockwise moment at the anterior portion would encounter flaring
of lower incisor. The second, changes of the geometry of L loops during activation, which were
placed between the canines and the lower first premolars, could tipped the canine crown backward
during intrusion because of the effect of step bend which being shown in Fig 11. Then the fower
incisors would retroclined. simultaneously which being shown in Fig 12. And third, the light force
level of intrusion and activation could reduce the chance of lower incisor proclination but the
reciprocal force reaction of the posterior teeth might be reduced. However, the exactly amount of

moments either the anterior or the posterior units could not be measured directly.
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Fig. 11 The effect of L loop activation.

ﬁaﬁﬁ

ﬂ.—.

Fig. 12 The effect of step bend activation.

The amount of intrusion distance was similar to other studies” ** but there was
different methods of measurement in this explanation. Varlik' could intruded lower incisors by utility
arch by about 2.6+ 1.4 mm, using center of resistance as reference landmark, whereas Aydogdu and
Oszoy6 could intruded lower incisor by about 1.5+ 0.6 mm but they used the center of resistance and
clinical crown tip as the references. In both techniques there was slightly relative intrusion because
the inclination of the lower incisors was more proclined. From this study, the lower incisor tip and
apex were used to clearify the manner of tooth movement both vertical and horizontal directions. The
lower incisors were retroclined in which the incisal tips being moved downward and backward

whereas the lower incisor apex being moved downward and slightly forward instead. In vertical
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direction, the lower incisors apex was move downward more than the lower incisal tips, indicated that
there was a retroclination of the lower incisor during intrusion

The side effect of posterior extrusion might be occur in any technique of lower
incisors intrusion. In this technique, there was less posterior tecth extrusion because of the L loop
design and activation of this technique. The little amount of loop activation by about 0.5 mm/month
exerted the lower intrusion force level which reduced the reciprocal extrusion force and the step of
intrusion in which to flat the canine level as same as the posterior unit before the lower incisor
intrusion being completed might be increased the posterior anchorage unit by included the lower
canines as if the posterior unit simultaneously. In which mandibular incisor intrusion was performed
with segmental or sectional arches' the posterior teeth extrusion would occurred in the mandibular
molars, In the study of Dake and Sinclair,”* when the mandibular incisors were intruded with utitity
arches, they reported 2.6 mm of mandibular molar extrusion. Al Buraiki ef al” used lever arches and
reported 1.6 mm of mandibular molar extrusion. The lower molar extrusion could be explained in
which these 3 studies were conducted with growing subjects who had a likelihood of continuing
molar eruption34 and used higher force level more than in this study. Moreover, the intrusion force
used in this study was higher than that was used by some researcher,” " but an intrusion force of 55-
60 g being used by this technique might not have affected the posterior vertical anchorage.

Aydogdu and Ozsoy15 found that there was lower incisors proclination after treatment
because the point of force application was applied in front of the center of resistance of the lower
incisors and the initial angulation of the lower incisors were more proclined before treatment.
However, in this study, the point of force application was still applied at the facial aspect of lower
incisors, but the effect of distal tipping of canine from geometry changes of step bends after L loops
activation could conirol and retroclined the lower incisors encountering this adverse effect on
proclination during treatment. The retroclination of lower incisors from this study would prevent the
lower incisor proclination which more pronounced in class IT adults or non-growing patients.

The posterior teeth eruption might be occur in growing patient but in class II
deepbite patients there was infraeruption of posterior teeth that lead to promote the posterior teeth
eruption in those cases during growth period which the growth could catch up the forward movement
of the mandible. Baccetti, Franchi and McNamara J¢* found that in class 1I deepbite patients, there
was 1.6 mm of lower first molar eruption during pubertal growth period of 3 years observation and

Stahl et al.” found that there was a infraeruption of posterior teeth in class IT patients compared with
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the normal occlusion. Tn this studt, a little bit of lower first molar cruption was shown in control
group by about 0.2+ 0.2 mm. The eruption of this study was lower than other studies because of the
difference of observation times and type of subjects, The lower first premolars also showed the
significant normal eruption by about 0.4 & 0.2 mm and the lower incisors were erupted by about 0.7 +
0.3 mm but not of significance.

The comparison between treatment effect and growth effect was useful to explain
the effect of this mechanic in this study. The result of treatment effect in the study group after
compared with the growth effect in control group could reveal the pure intrusion with less of posterior
teeth eruption. The reason why the lower incisal tips could be flatten as same as the level of the
average initial curve of Spee in the study group because this technique could intruded and overcame
the normal vertical eruption of the lower incisors, And this comparison between groups indicated that
this intrusion technique being not extruded cither the lower first premolars or the lower first molars
but a few amount of extrusion came from normal vertical eruption,

Cephalometric radiographs are midsagittal projection; thus the actual limit of the
labial bone thickness of the symphysis at the midline may be narrower than the trace image.35 CBCT
is now use to qualitatively and quantitatively assess this bony area. Fuhrmann ef al”® showed that
quantitative evaluation of alveclar bone plates is accurate to a minimum bone thickness less than 0.5
mm and CT findings have proven to be statistically similar to histologic measurements, Considering
this, CT measurements is more accurately for bone-width changes evaluation.

The resutt demonstrated that this technique could move the lower incisors dowaward
into more alveolar bone housing especially mid root and apex region. Although the apex was moved a
little bit forward but the amount of intrusion was greater. This intrusion could cause the marginal
alveolar bone loss, This loss would be more proncunced at the marginal region because of the root
shape, the wider labio-lingual width at the upper level. When the tooth was moved downward, the
limit extent of the marginal region could be reduced even though there was some retroclination. The
reason that the reduced marginal bone level might be occur due to the heavy force of infrusion,
Although the forces exertion by this archwire was measured and controlled during study period, the
individual biological tooth response might be different, or else, the CBCT was performed
immediately after completed intrusion, there was progress of bone remodeling process in this period.
Fuhrmann ef al** suggested that the labial bone thickness changes could be reevaluated 4-6 months for

completed remodeling process,
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From the results of this technique, the important clinical application is that this
technique could be used in the cases the lower incisor intrusion and the minimal posterior tecth
extrusion being indicated or else the clockwise rotation of the mandible was not preferred. However,
this technique was not altered the normal posterior teeth eruption in the growing patients, then
changes of skeletal configuration would came from their remaining skeletal and dentoalveolar growth
compensation. The expletive treatments or alternative treatments modalities might be used in order to
heighten the posterior teeth, To achieve this lower incisor intrusion technique, the passive step up at
the canines and lower incisors must being obtained during leveling phase before inirusion because
when flat the curve of Spee in cach sequences the step bend effect would be perform effectively with

the remaining vertical steps.
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CHAPTER 5

CONCLUSION

1. This intrusion technique could intrude and retrocline fower incisors with the
minimal effect of posterior teeth extrusion.

2. The lower incisor was moved downward into the more alveclar bone housing
especially at the mid root and apex level but there was decreased labial bone thickness at marginal

level. However, the longer period of cbservation is needed for completed remodeling process.
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