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ABSTRACT

Introduction: Overeruption of lower incisors is usually found in anterior crossbite with no
incisal stop in anterior region. Occlusal plane adjustment in hyperdivergent growing patients
should be done by intrusion of lower incisors without extrusion of posterior teeth in order to
prevent the aggravation of convex facial profile. One interesting method to move fower incisor
downward is the light-forced partial fixed appliance combined with asymmetrical V-bended
archwire. Nevertheless, there have been few well designed studies on the effect of this technique
but these studics were done in laboratory, so the result was possibly different from clinical
situation. Moreover, No previous study evaluate effect of Mulligan intrusion mechanics
statistically and this effect on the lower arch among anterior crossbite patients whose anterior bite
is free from occlusion is not known. Objectives: To investigate the effect of light-force partial
fixed appliance with asymmetrical V-bend to the alteration of mandibular rotation, the rotation of
occlusal plane, the change of incisor and molar position in both vertical and horizontal dimension
and duration of vertical plane correction, Materials and methods: 12 patients with mild skeletal
class 111 and anterior crossbite were sampled to be experimental group while the other 11 patients
were included to be control group in this study. The mean age was 9.7 + 1.3 and 9.0 £ 1.5 years
old respectively. Treatment was started in the lower arch with a 2x4 fixed appliance comprised 2
buceal tubes with 0,022 x 0.028 slot on the first permanent molars and 4 brackets with 0.018 x
0.025 inch slot on the incisors. 0.016 inch stainless steel wire was bent at two-third of
interbracket span as V-bend between permanent molar and lateral incisor with the longer part
closed to the incisors. The angle between these two parts is 45 degrees and the archwire was
cinched back to control arch length. When the lower incisors were intruded to the planned level,

lateral cephalograms and impression were taken to evaluate dental and skeletal changes. Pre- and
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post-treatment data of treatment and control group were analyzed by Wilcoxon signed rank test
and Mann-Whitney U test respectively. Resulfs: Lower incisors were significantly moved
downward 1.0 + 0.5 mm after treatment for 5.4 months approximately. The incisors were
retroclined 3.5 + 3.9° while lower molars were tipped back 6.0 + 5.4°. Extrusion of lower molars
1.0 + 0.9 mm and backward rotation of the mandible 0.8 + 0.9° were presented with significant
difference when compared between pre- and post-ireatment data but no significantly changes
between treatment and control group. The occlusal plane and facial contour angle were
maintained. The negative overjet and increased overbite were improved after treatment.
Cenclusion: The light-force partial fixed appliance with asymmetrical V-bend was the effective
alternative to intrude lower incisors in hyperdivergent growing patients without extrusion of

lower molars and maintenance of facial profile.
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CHAPTER 1

INTRODUCTION

Background and rationale

Overeruption of lower incisors is frequently found in the patients who had no
incisal stop in anterior region. This problem creates deepbite and worsen the malocclusion. The
objective to correct deepbite and deep curve of Spee in hyperdivergent growing patients is to
intrude lower incisors without extrusion of posterior teeth and no mandibular plane clockwise
rotation because the bite opening can be hazardous to the facial harmony in patients with convex
facial profile.

Intrusion of lower incisors can be done by both removable and fixed
appliances. For the removable, upper anterior biteplanes have been used generally with the
advantage of less chair time consuming and good oral hygiene control. However, molar
extrusion is notably occurred simultaneous with lower incisor intrusion and this biteplane leads
to patients” discomfort and also requires good patient cooperation.] So the fixed appliances wiil
be choosen if the posterior units should not be moved.

The use of temporary anchorage devices for lower incisor intrusion have been
described in a previous literatures with the excellent results.” * No undesirable offect was
presented at posterior teeth after intrusion. The resultant ocelusion and satisfactory facial profile
were achieved. Nonetheless, the stability of miniscrew in growing patients was still controversy.
Screw loosening after implant placement in children has been found due to their high bone turn
overate and minimal mandibular bone thickness in anterior 1'egion.4' * Moreover, the lower
interradicular areas were not considered as ‘safe zones” and surgical procedure was required. &7

Intrusion arch, as describe by Burstone™ *, is the effective method to intrude
incisors with minimal disruption of posterior anchor units. A relatively rigid anchorage uvnit
connects the teeth of posterior segment while the anterior teeth are connected together with an
incisor segment. A TMA intrusion arch from an auxillary tube places the single intrusive force

as overlay wire on the incisors, Intrusive arch consists of 2 basic designs, a continuous arch and



a 3-piece intrusion arch, which differ in point of force application depending on moment
required during intrusion, The intrusion archwire is not put in bracket slot of anterior teeth so the
force applied is greater accuracy and position of force can be altered. Low force and stable
anchorage unit are significant factors to maintain original plane of functional occlusion.
However, posterior teeth are not the stable anchorage in mixed dentition patients because of
primary molar exfoliation or partial eruption of premolars. Intrusive arch, therefore, is not
suitable for the patients in transitional dentition.”

From the complications of intrusive arch, lower utility arch becomes the
interesting choice to intrude lower incisors. The utility arch engages only the first molars and the
four incisors. The Blue Elgiloy wire is bent out of occlusion with vertical step height, from 3
mm to 5 mm, to avoid deformation with functional movements. This appliance allows incisor
adjustment and molar control during transitional stage by stepping around the deciduous buccal
occlusion.'” " Not only lower incisor intrusion, the utility arch also control the arch length and
saving “E” space in mixed dentition patients. The 45° tip-back in the lower utility arch produces
fower molar npri{:{hting.’3 However, the more moment creates at molars, the more tendency of
bite opening which aggravate convex profile of hyperdivergent patients.2 Moreover, bending of
utility arch takes long period of chair-time and step down at buccal segment possibly irritates
buccal vestibule, So another alternative to intrude lower incisors was selected.

The interesting alternative is the use of asymmetrical V-bend advocated by
Mulligan.” This technique simply requires partial fixed appliances and a bended archwire. To
obtain pure intrusion force at lower incisors, the wire should be bent at two-third of interbracket
span between permanent molar and lateral incisor with the longer part closed fo the incisors.
This technique is also called “Cantilever bend”.

Nevertheless, there have been few well designed studies on the effect of this
technique. Karanlh and ShettyIS compared forces produced from Mulligan’s intrusion technique
with various other mechanics, consisting of Burstone's intrusive arch, Mulligan intrusive arch
and Ricketts intrusive arch. Same as to the study of Quick and colieaguesm, they compared
moment produced by V-Bend placed in rectangular Nickel Titanium (NiTi) wirc to those
produced in Beta-titanium (TMA) in different V-Bend angle. However, these studies were done

in laboratory so the result was possibly different from clinical situation. Moreover, no previous



study evaluate effect of Mulligan intrusion mechanics statistically and this effect on the lower

arch among anterior crossbite patients whose anterior bite is free from occlusion is not known,

Review of literatures

Anterior cressbite

Anterior crossbite is a malocclusion resulting from the lingual positioning of
the maxillary anterior teeth in relationship to the mandibular anterior teeth.” It is one of the
most significant problems in growing patients and can occur in any types of malocclusions.
Anterior crossbite probably results from lacking of space for eruption of permanent incisors,
palatally positioned permanent upper incisors to their deciduous predecessors, or skeletal
discrepancy which is class 111 skeletal relationship.ig‘ * The presence of anterior crossbite
possibly causes mandibular displacement. If left untreated may lead to restriction of maxillary
growth, acceleration of mandibular growth, traumatic occlusion and periodontal damages,
abnormal wear of anterior teeth, overeruption of lower incisors which causes deep curve of

Spee, and possibly result in severe facial deformity and lengthen the treatment time. ™

The optimal force for lower inciser intrusion

It was known that intrusion of incisors is most suscepiible to cause root
resorption, and the forces that beyond biological Hmits are involved in consequent damage to
adjacent supporting tissues.” ™ Thus, proper application of intruston mechanics is essential to
achieve results with minimal side effects.” Schwarz established the optimum force for intrusion
that is slightly more than 20 to 26 g per square centimeter of superficial root, unfortunately, it
was quite conceptual and no technology available for such measurement and calibration.”
Sadowsky and Sellke” recommended force to intrude upper incisors that is 100 g and 60 g for
lower incisors while van Steenbergen et al.30 demonstrated that 0.4 N or 40.79 g of force could
intrude the four maxillary incisors with the same rate as those of double the magnitude. In the

same way, Faber and Nanda both recommended using 35-50 g and 30-40 g to intrude four



maxillary and mandibular incisors respectively.”‘ * In this study, therefore, the magnitude of

force to intrude lower incisors will be 40 g.

Asymmetrical V-Bend

Asymmetrical V-bend was proposed by Mulligan. " To obtain pure intrusion
force at lower incisors, the wire should be bent at two-third of interbracket span between
permanent molar and lateral incisor with the longer part closed to the incisors. Intrusion of
incisors by round archwire produces light and optimal force for intrusion but it possibly creates
relative proclination of lower incisors which disadvantage to anterior crossbitc patients. The
wire, therefore, will be cinched back to control arch length and reduce chance of relative lower

incisor proclination after intrusion.

Fig. 1: Partial fixed appliance with cantilever bend for lower incisor intrusion

Beside lower incisor intrusion, molar extrusion is occurred as well. To prevent
this side effect, the force applied from V-bend to intrude lower incisors will be lesser than

optimum force of molar extrusion.



Pilot study for the light force

To achieve expected force, pilot study was done to test the force produced from
asymmetrical V-bend in lower arch by universal testing machine. This asymmetrical V-bend
was bent at two-third of interbracket span between permanent molar and lateral incisor of
typodont and the longer part closes to permanent incisors. The interbracket span used in this
laboratory was 25 mm which is the average space of lower primary canine and molars among
247 study models of children.” It was found that the appropriate force, 40 + 2.9 g, was obtained

when the angle between these two parts is 45 degrees.

Fig. 2: Universal testing machine and testing method of asymmetrical V-bend



Conceptual framework

Anterior crossbite in

hyperdivergent growing patients

Treatment by partial fixed appliance with

asymmetrical V-bend

Skeletal and dental change

Treatment duration of

lower incisor intrusion

Change of

mandibular rotation

Change of

Change of

occlusal plane incisor and molar position

Fig. 3: Conceptual framework




Research objectives

To investigate the effect of partial fixed appliance with asymmetrical V-bend
a. The alteration of mandibular rotation.
b. The rotation of occlusal plane.
¢. The change of incisor and molar position in both vertical and
horizontal dimension.

d. Duration of vertical plane correction.

Research hypotheses

1. No clockwise rotation of mandible and occlusal plane is found in light-
force partial fixed appliance with asymmetrical V-bend.
2. There is intrusion of lower incisors and no extrusion of molars in this

developed mechanic.

Significance of the study

There are possibly advantages in using this technique to intrude lower incisors
in hyperdivergent growing patients with anterior crossbite as follows:
- Maintain patients” profile
- Less treatment time
- Simple and commonly used in clinic
- Less discomfort

- Less need for patient co-operation



CHAPTER 2

RESEARCH METHODOLOGY

Subjects

This study was approved by Ethics committee on human experimental of Faculty
of Dentistry, Prince of Songkla University.
The sample size used for this study is calculated from the formula of Kittika™:
Sample size (n) = (Z,.q+ Z(,_ﬂ})QG'Zdiff

(x,-%, )

The values of parameters will be taken from the study of Aydogdu and Ozsoy
in 2011” as follow:
;1“2 - ;] (difference of mean between before and after treatment) is 1.0
G (standard deviation) is 1.1
The level of significance is established at 95% (Z 6= 1.96)
The power of the test in this study is established at 80% (Z , 5= 0.84)
So the sample size in the study is at least 10 patients per group
Twelve growing patients were sampled by consecutive sampling from patient
pool during 2012 to 2013 in orthodontic clinic, dental hospital, Faculty of Dentistry, Prince of
Songkla University. The inclusion criteria were
1. Anterior crossbite in maximum intercuspation on 2 or more incisors
without traumatic occlusion or no need of emergency treatment
2. During pre-peak of pubertal growth spurt assessed by hand & wrist
radiographic examination according to method of Grave and Brown”
3. Hyperdivergent growth pattern according to archial analysis of Sassouni™’
4. Mild skeletal class III (ANB angle in the range of 0 to -3 degree)
5. No mandibular prognathism
6. Class I facial profile (Facial contour angle in the range of 5 to 13 degree)

7.  Normal vertical proportion



8., Lower incisors were intruded in the range of 2 to 3 mm from the visual
treatment objective (VTO)
9. Complete eruption of mandibular permanent incisors and first molars
10. No crowding interfere asymmetrical V-bend insertion at the beginning
11. No underlying disease
12. No sign and symptoms of periodontal disease
13. No oral habits that include thumb sucking, nail biting, tongue thrusting or
lip biting
All of patients were explained about treatment step and willing to participate.
When patients were qualified to be sample, they were invited to join the trial and the
orthodontist provided the patients and parents both oral and written information of detail to
study.
It was possible to assemble a sample of untreated anferior crossbite children as
a result of long treatment queue. The initial record were taken at the time of the first observation
and the second data was collected again when the patients reached the queue. This sample can
be used as a comparison group because it matched the treated group with regard to race, skeletal
age and dental malocclusion. Finally, there were 11 patients included to be control group. These
patients were followed up on 6-month basis to ensure that no deterioration occurred from the
untreated malocclusion. If any negative effects occurred from the malocclusion, the patients will

be treated immediately.

Material and method

Appliance design and treatment sequence of experimental group

Patients were treatéd with 2x4 preadjusted edgewise fixed appliance in lower
arch that consist of bracket of permanent lower incisors with 0.0187x0.025” slot and permanent
first molars buccal tubes with 0.0227x0.025” slot. 0.016™ diameter stainless steel wire with
cantilever bend was used to intrude lower incisors. The wire was bent at two-third of

interbracket span between permanent molar and lateral ineisor, and the longer part closed to
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permanent incisors. The angle between these two parts was 45 degrees which created the force
of 40 g to intrude lower incisors. Moreover, the wire was cinched back to control arch length
and reduce chance of relative proclination of lower incisors after intrusion. The wire was change

to the new one if it distorted.

Fig. 4: Partial fixed appliance with cantilever bend for lower incisor intrusion

When the lower incisors were intruded to the planned level, lateral
cephalograms and impression were taken to evaluate changes of dental and skeletal.

To obtain positive overjet after study, brackets with 0.018”x0.025” slot and
buccal tube with 0.022”x0.025” slot were bonded at upper incisors and upper permanent first
molars respectively. The upper incisors were leveled and aligned until 0.016” diameter stainless
steel wire and the advancing loops were added to 0.016” diameter stainless steel wire to procline
upper incisors. The distal portion of the advancing loop was laid againts at mesial surface of
molar tubes. The loop consisted of helix with diameter 2 mm and the length of the vertical loop
is about 4 mm, but depend on the depth of the vestibule. The loop placed the anterior segment of
the wire 1 mm labial of the incisor bracket slot and provided 90 g to create forward movement
of upper incisors. If lower incisors impeded proclination of upper incisors, bonded compomer
biteplane was added at lower molars during moving upper incisor forward. The wire was

activated by engaging it with the incisor brackets until normal overjet was achieved.
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Records and data analysis

The record was gathered from the control group and treatment group for
evaluation of treatment effect. In control group, growth monitoring records was taken at initial
record (C,) and after reaching the queue (C,). For experimental group, the record was collected
before the beginning of treatment (T,) and after already intrude lower incisors (T,). Each record

was comprise of lateral cephalometric radiograph and model.

Cephalometric analysis

Lateral cephalometric radiographs were talken in natural head position which
the patients were in the cephalometer and look straight to a mirror. The patient was observed
from the side to guarantee that the pupil was in the middle of the eye, and the head was
repositioned if there was even a slight discrepancy. The patient should be comfortable and
relaxed, and the head should not be tilted or tippcd.37 All radiographs used in this study were
taken in the same cephalostat and cephalometric x-ray machine to prevent random error from
instruiment variability. The tracing was done on acetate paper and then, reference points and
lines were marked with 0.3 mm in diameter of mechanical pencil by one observer and all
cephalograms were retraced and remeasured independently on 2 separate occasions with 4 week

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

landmarks were calculated by Dahlberg’s formula™: ME = A/ Zd 2n  where d was the
difference between two registration of the pair and n was the number of double registrations.
The acceptable method error should not exceed 0.5 mm for linear variables and 0.5° for angular
variables.” To assess reliability of operator, first and second datas were analyzed with intraclass
correlation coefficient. The value should be more than 0.9. References and measurements used

in lateral cephalometric analysis were as follow (Fig. 5):
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S-True vertical line (Y)

S-True horizontal line (X)

S-True horizontal line (X)

Fig. 5: The cephalometric reference points and lines, angular and linear measurements
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Reference points:

- S (sclla): the midpoint of the cavity of sella turcica.

- N (nasion): the anterior point of the intersection between the nasal and frontal bones.

- Mx1 (incision superius): The incisal tip of the most prominent mandibular incisor.

- Mnl (incision inferius): The incisal tip of the most prominent maxillary incisor.

- Mn6 : The mesiobuccal cusp tip of first mandibular molar.

- Go(gonion): the midpoint of the contour connecting the ramus and body of the mandible.
- Me (menton): The most inferior point on the mandibular symphysis.

- N’ (soft tissue nasion); The intersection of SN plane to soft tissue.

- Sn’ (subnasale): The point at which the nasal septum merges with the upper lip.

- Pog’ (soft tissue pogonion): The most anterior point on the soft tissue chin.

Reference lines:

-~ SN plane: the line connecting the sella (S) to the nasion. (N)

- Horizontal reference line (S-True horizontal line, X): 6 degree downward from sella-
nasion line at sella,”

- Vertical reference line (S-True vertical line, Y): perpendicular to the horizontal
reference line at sella.”

- Mandibular plane: the line connecting the gonion (Go) to the menton (Me).

- Occlusal plane: the bisecting line drawn between the overlapping regions of the first

- 4]
permanent molars and second primary molars (or premolars) cusps.

Angular measurements:

- L1-MP: the angle formed from the long axis of the lower incisor (L1} and the Go/Me
line
- L6-MP: the angle formed from the long axis of the lower first molar through

mesiobuccal cusp (L6) and the Go/Me line
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- Mandibular plane angle: the angle formed by S-true horizontal line and the line
connecting the gonion to the menton (Me).

- Occlusal plane angle: the angle formed by S-true horizontal line and occlusal plane.

- Occlusal plane to Mandibular plane: the angle formed by occlusal plane to the line
connecting the gonion to the menton (Me).

- Facial contour angle: the angle formed by the line connectring soft tissue nasion (N’) to

subnasale {Sn’) and subnasale (Sn’) to soft tissue pogonion {Pog’).

Linear measurements:

Mnl-perpMP: the measured by distance perpendicular to mandibular plane to incisal tip

of mandibular incisor.” The mandible was superimposed at stable structure, which is

inner surface of symphysis and mandibular canal, and mandibular plane of pre-

treatment was referred to the post-treatment to evaluate lower incisor position.

- Mné-perpMP: the measured by distance perpendicular to mandibular plane to
mesiobuccal cusp of mandibular first molar.”

- Overbite: the measured by distance along Y-axis between Mx1 and Mnl.

- Overjet: the measured by distance along X-axis between Mx1 and Mnl,

Duration of lower incisor intrusion

Treatment time of lower incisor intrusion in this study was calculated from the

first day patients use asymmetrical V-bend until lower incisors are intruded to the planned level.

Statistical analysis

There were three statistic tools used in this research. Mean and standard
deviation (SD) of the total changes were calculated for each cephalometric variables for

descriptive analysis.
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Secondly, the change of mandibular rotation, occlusal plane, and incisor and
melar position of control and experimental group was compared by Mann-Whitney 1J test,
Lastly, the data between T, and T, will be analyzed by Wilcoxon signed rank

test. All these statistic tools will be considered at 0.05 level of significance.
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CHAPTER 3

RESULTS

An initial characteristic of samples in this study was mild skeletal class II1 with
hyperdivergent pattern. The mean age of control and treatment group was 9.0 £ 1.5 and 9.7 +
1.3 years respectively and skeletal age was within pre-pubertal growth spurt. From Alexander et
al”, the growth between male and female in pre-pubertal stage or age below 10 years was not
different. Therefore, the male and female data was pooled.

There were 12 subjects participated in treatment group of this study which
devided into 9 males and 3 females. Their average age at the start of treatment was 9.7 + 1.3
years. For control group, the 11 subjects were comprised of 7 males and 4 females and the mean

age at the beginning was 9.0 + 1.5 years,

Table 1: Sex and age at the start of treatment of all subjects

Subjects n mean (year) SD P-value
Treatment group 12 9.7 1.3
Control group 11 9.0 1.5 0.26

n, number of subjects; SD, standard deviation

The pre-treatment value of treatment and control groups were evaluated by
Mann-Whitney U test due to non-normal distribution of the result. The values presented
similarities between the groups in all parameters so the treatment and control group were

homogeneity.
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Table 2: Comparison of initial measurement values between treatment and control group in each

variable
T, Co
Variables
mean sD mean SD P-value
Linear measurements
Mn!-perpMP 39.4 2.4 38.8 2.2 5S4
Mn6-perpMP 28.6 1.7 28.8 3.8 .85
Overjet -1.9 0.8 -2.5 0.7 A2
Overbite 2.5 1.5 3.2 1.5 30
Angular measurements
LI axis-MP 89.5 3.8 89.4 7.2 97
L6 axis-MP 83.0 54 80.3 6.6 30
OP-S hor. 12.1 5.0 13.2 5.0 59
OP-MP 18.7 3.5 179 4.5 .62
MP-S hor. 31.0 54 311 3.7 98
FCA 8.1 4.5 6.5 6.2 49

SD, standard deviation; S hor., S horizontal reference line; * Statistical significance at p<0.05 level

Magnification and measurement error analysis

Method error for lateral cephalometric values were 0.2 mm, ranging from 0.1

to 0.3 mm, for the distance measurement and 0.3°, ranging from 0.2° to 0.5°, for the angular
ging g

measurement. Intraclass correlation coefficient was in the range of 0.92 to 0.96. So the method

and operator were reliable.

Lateral cephalometric analysis

Wilcoxon signed rank test was used to compare median differences of pre- and

post-treatment (T,-T,) while median diffrences between lreatment and control group wete
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compared by Mann-Whitney U test. Statistical analysis was analyzed by R Program and the

significance level was set at P<0.05.

Coemparison between pre-treatment and posi-treatment data

Lower incisors were significantly move downward 1 + 0.5 mm and retroclined
3.5° + 3.9° (Mnl-perpMP, p<.0l; LI axis-MP, p<.03) while mandibular molars were
significantly move upward 1 + 0.9 mm and distal crown tipping 6.0° -+ 5.4° (Mn6-perpMP and
L6 axis-MP, p<.02). Negative overjet and overbite were reduced 1.8 £ 1.7 mam and 1.3 + 1.2
mm respectively with statistical significance. (Overjet and overbite, p <.02)

There was significant increase of angle between mandibular plane to S-True
horizontal plane (MP-S hor., p<.04) but the facial contour angle was maintained.

The angle between occlusal plane to S-True horizontal line and to mandibular

plane was not changed significantly.
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Table 3: Measurement values at T, and T, in each variable and the differences

T, T, T,-T,
Variables
mean SD mean sSD mean sSD P-value
Linear measurements
Mnl-perpMP 394 2.4 384 23 -1.0 0.5 <.01*
Mn6-perpMP 28.6 1.7 29.7 1.7 1.0 6.9 01%
Overjet -1.9 0.8 -0.1 2.1 1.8 1.7 01*
Overbite 2.5 1.5 L2 1.2 -1.3 1.2 01*
Angular measurements
LI axis-MP 89.5 3.8 86.0 4.9 -3.5 39 2%
L6 axis-MP 83.0 54 77.0 6.0 -6.0 54 O1*
OP-S hor. 12.1 5.0 12.5 4.1 0.4 2.0 44
OP-MP 18.7 3.5 18.5 4.3 -0.2 1.8 .68
MP-S hor. 31.0 54 31.8 5.6 0.8 0.9 03%*
FCA 8.1 4.5 8.0 5.1 -0.1 13 93

8D, standard deviation; S hor., § horizontal reference line; * Statistical significance at p<0.05 level

Comparison of annual changes between treatment and control groups

When compare the median between annual changes of treatment group and control
group, the result was similar to the difference between pre- and post-treatment data except molar
position and mandibular plane rotation. Amount of lower first molar extrusion and mandibular

plane clockwise rotation of experimental group did not differ from control group significantly.
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Table 4: Comparison of annual changes between treatment (T) and control (C) group in each

variable
Treatment Control
Variables
mean SD mean SD Povaliie
Linear measurements
Mn1-perpMP -2.36 1.6 0.76 1.1 <.01%
Mn6-perpMP 2.78 3.7 0.70 1.2 .09
Overjet 5.34 5.7 0.41 1.4 01%
Overbite -2.78 29 0.41 0.9 <01%
Angular measurements
LI axis-MP -7.91 9.6 -0.75 3.7 03%
L6 axis-MP -11.86 17.6 1.36 2.7 02%
OP-S hor. 0.73 5.6 -0.11 3.0 .66
OP-MP -0.04 5.0 0.83 2.8 .62
MP-S hor. 113 23 0.67 0.8 .53
FCA -0.95 3.8 -0.60 2.0 .79

SD, standard deviation; S hor., S horizontal reference line; * Statistical significance at p<0.05 level
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CHAPTER 4

DISCUSSION

The subjects involved in this study were sampled by consecutive sampling. It is
a nonprobability sampling method that involve cnrolling all people from an accessible
appropiate population over a specific time interval. This sampling method was suitable for this
research due to limited time of studying and number of patients, This method, however, possibly
introduces systematic bias by recruitment of participants with certain characteristics. Sampling
bias may create nonrepresentative samples of the population that hinders the generalizability of
the study.

This study chose stainless steel wire instead of bata-titanjum wire which
commonly used for utility arch. Bata-titanium wire, commercially known as TMA (titanium
molybdenum alloy), presents high springback, less stiffness than stainless steel, high
formability, weldability and resistance to corrosion.*** TMA also shows low load deflection
rate which generates light and continuous force."” However, many recent studies present external
root resorption from continuous force more than discontinuous force™”" and Oppenheim showed
that discontinuous force was better to allow rest period so not to cause increased damage to the
teeth.” For that reason, light and interrupted force are used for orthodontic tooth movement at
the present time. From the advantage of stainless steel wire that creates a declining force during
deactivation to provide resting peried, it will be used for intrusion of lower incisors in this study.
Furthermore, it can be bent easily, its cost is very low and this wire provides lesser friction
compared to TMA and NiTi. Anyhow, stainless stecl wires present high load deflection rate that
mean the wires were easily distorted. So the stainless steel archwire was taken off and checked
the tip back degree every visit to maintain force production,

Amount of lower incisor infrusion from asymmetrical V-Bend mechanic in this
study was about 1.0 mm in 5.4 months and similar to the study of Aydogdu and Ozsoy in 201 1°
that lower incisors was moved downward 1.0 mm in 4 months by lower utility arch, More
amount of lower incisor intrusion was presented in 2 previous studies, 1.1 and 2.0 mm in 13.2

and 17.7 months respcctively.”’ » Anyhow, the treatment time of their studies included
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correction deepbite and other malocclusion so the treatment time was longer to intrude lower
incisors.

The rate of lower incisor intrusion from this developed mechanic was 0.2 mm
per month. This was slower than intrusion rate of earlier studyz, 0.25 to 4.0 mm monthly.
Nonetheless, the force applied in their work was higher, 60-75 g, and the subject growth status
was already in post peak of pubertal growth spurt. Additionally, there was relative intrusion of
lower incisors during proclination to reduce increased overjet of class II patients,

Although the lower incisors seemed fo be minimally intruded in this study, it
has to be kept in mind that the figure was the net effect of mechanical intrusion subtracting from
vertical dentoalveolar growth of about 0.8 mm per year, from control group and Alexander et

al®. Hence, the total intrusion from this study should be around 1.4 mm within only 5.4 months.

Table 5; Comparing amount of mandibular incisor intrusion and duration time between this

study and various techniques

Average | Amountof | Duration
Study Mechanic Sample age intrusion time
{year) {mm) {(month)
Aksu and Yukay” | Utilityarch | ClassIIdivl | 105+ 1.0 1.1 13.2
Ulger et al” Utility arch | Class I div 1 92+07 2.0 17.7
Aydegdu and Utility arch | Positive overjet | 16.3+2.9 1.0 4
Ousoy” Miniscrew | with deepbite | 16.0+ 1.7 2.0 5
This study V-bend Ant crossbite 94+1.2 1.0 5.4

Another satisfied result was the significant retroclination of lower incisors and
reduction of negative overjet when compared between pre- and post-treatment data and between
treatment and control group. This effect came from the tip back of lower molars in cinch back
archwire. After lower molar uprighted, the distalizing force was referred to lower incisors
through the archwire and moved mandibular incisors backward. Nonetheless, the lingual crown

tipping of lower incisors was also shown in control group due to dental compensation of anterior
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crossbite patients. When considered rotational degree of annual changes between treatment and
control group, they were significantly different. Therefore, the retroclination of lower incisors in
treated group was not only came from V-bend mechanic but also from patients® development
during growth. The final inclination of lower incisors was set from patients’ original overjet. In
the study of Aydogdu and (")zsoy2 and Cook et al™, the subjects had large overjet at the
beginning, so the fower incisors were planned to procline to decrease overjet. Lower incisor
retroclination is the negative result in class I1 division 1 patients but benetit to anterior crossbite
patients because it can correct lower incisor overeruption and negative overjet simultancously.

In the same way, the crown of lower first molars were tipped back significantly,
about 6 degrees, so the class 111 molar relationship was improve after treatment. Many authors
also reported the distal crown tipping of lower molars produced by lower utility arch in higher
tipped angulation.”' ***" The position of bent archwire had an effect on moment production at
molars. The more molar closed to the bend, the more moment created. Therefore, the distal
crown tipping of molars from utility arch was higher than cantilever bend in this study as a
result of nearer bend to molars, despite even or less activation angle. Conversely, mesial crown
tipping was present in control group of this study due to normal tooth movement, same as to the
untreated group of other studies and other treated groups which no mechanical force applied to

mandibular posterior tecth,™ ™

Table 6: Comparing degree of tipback activation and molar angulation between this study and

multiple techniques

Tipback activation | Melar angulation Duration
Study Mechanic
(degree) (degree) time (month)

Aksu and Yukay13 Ulility arch ? -8.4 13.2

Ulger et al Utility arch 30-40 -10.5 17.7
Aydogdu and Utility arch 45 -9.0 4
(")zsoy2 Miniscrew - 3.0 5

This stady V-bend 45 -6.0 54

7, no mentioned in literature
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The lower molars were extruded 1.0 mm significantly after treatment. Many

53

preceding literatures also presented molar upward movement but with lesser amount. 255 e
first reason of mandibular extrusion, in spite of optimal force provided, belonged to the patient
dentoalveolar growth, There was upward movement of mandibular first molar presented 0.7 mm
per year in untreated group, Another explanation possibly came from weak masticatory muscle
in hyperdivergent patients. Ingervall and Thailander stated that children with high levels of
muscle activity during maximal contraction were characterized by a rectangular facial Shape.58
In the same way, Ueda HM et al proposed the longer total durafion of masseter and digastric
muscle activity in the low angle group of children than the high angle group.59 In other word,

weak orofacial muscles imply weak occlusal forces which might create supraeruption of molars

which directly related to craniofacial morphology.

Table 7: Comparing amount of mandibular first molar extrusion between this and previous

studies
Amount of | Duration
Average age
Study Mechanic extrusion time
(year)
(mm) (month)
Aksu and Yukay" | Utilityarch { 10.5+1.0 0.4 13.2
Ulger et al” Utility arch 92+0.7 0.3 17.7
Aydogdu and Utility arch 163+29 0.5 4
Ozsoy’ Miniscrew | 16,0+ 1.7 0.0 5
This study V-bend 94+1.2 1.0 54

When compared annual change between treatment and control group, the data
was relatively different but no statistical significance was shown. High standard deviation was
presented in treated group because there were 2 data points were spread out over a large range of
values. Consider to these 2 characterized patients, there was excessive distal crown tipping of
lower first molars which had an effect on molar extrusion value. Amount of molar movement n

this study was measured from the distance perpendicular to mandibular plane to mesiobuccal
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cusp of mandibular first molar. The more molar tipped distally, the more distance created
although minimal movement of lower molars in vertical plane. High degree of distal crown

tipping of these subjects possibly came from unstable occlusion of upper and lower molars.

(

MP

Fig. 6: The amount of molar extrusion (Mn6-perpMP) of excessive distal crown tipping

of mandibular first molar (Blue color)

The angle between functional occlusal plane to S-horizontal line and
mandibular plane did not change notably, This mean that extrusion of lower molars had no
effect on occlusal plane. No rotation of occlusal plane advantaged to hyperdivergent growing
patients who usually had convex profile at the beginning.

From the treatment result, the angle between mandibular plane and S-horizontal
line significantly increased at post-treatment. This result was similar to the study of Aydogdu
and C')zsoy2 that mandibular plane rotated clockwise 0.1° in 4 months by utility arch. Mandibular
plane rotation was the result of vertical maxillary and mandibular growth, and posterior teeth
extrusion. Backward rotation of mandible may worsen patients’ profile but mandibular plane
rotated only 0.8° that hardly seen in clinic and no significant difference of this angle when
compared between treated and untreated group.

Although lower molars were extruded and mandible rotated clockwise, the
facial contour angle was maintained when compared between pre- and post-treatment and

between treatment and control group. The maintenance of facial profile came from mandibular
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growth horizontally during treatment. The profile of these patients, therefore, was not
aggravated by this appliance during lower incisor intrusion.

The expected results from this developed mechanic were intrusion and
retroclination of lower incisors with minimal distal crown tipping and no extrusion of
mandibular first molars. Bending of archwire at 2/3 of interbracket span created reproducible
and minimum moment at lower molars and it was proved that less distal crown tipping was
shown when compared with other literatures. 213 E the molar angulation is planned to be
maintained, lingual holding arch is the effective alternative to prevent molar tip back. In vertical
direction, lower first molars were moved upward after treatment as a result of dentoalveolar
growth and weak musculature of open bite patients. Strengthening the masticatory muscles will
be an adjunctive treatment modality to produce a more favorable skeletal pattern and occlusion.
From previous studies, exercise have led to reduction of anterior to total facial height ratio,

. . . G062
decrease of gonial angle and true mandibular rotation.”
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Limitations and suggestions of the study

1.

The samples included in this study was relatively small. It was possibly
difficult to notice significant relationships from the data. Statistical test
generally require a large sample size to ensure a representative distribution
of the population. Therefore, to increase the chance of finding a significant
difference, sample size should be larger.

Due to limited time of studying, long term result of lower incisor intrusion
are not evaluated yet, Intrusion of lower incisors in growing patients tends
to relapse due to opposite direction of tooth movement. The follow up
period should be extended in the further study to evaluate the stability
after treatment.

External root resorption is the common side effect of orthodontic
treatment, especially intrusive movement. Because of high stress level at
root apex during intrusion, this type of tooth mevement possibly increase
the risk of apical root resorption. Although optimal force of intrusion was
applied in this study to reduce this undesirable effect, the periapical film
should be taken to analyze root morphology of lower incisors after
intrusion.

Tip back of mandibular first molar possibly creates lingual crown tipping
and large buccal overjet at upper and lower molars. Impression should be
taken and dental cast should be analyzed to evaluate effect on transverse
dimension,

During intrusion, lower incisors were also retroclined which was benefit to
anterior crossbite patients. Nevertheless, traumatic occlusion possibly
occurs in anterior region. So the use of this appliance in decreased

negative overjet patients should be attentive.



28

Future technique improvement

I. In some case, archwires with asymmetrical V-Bend were inferfere the
occlusion especially during mastication. The new design archwire should
be developed as utility arch but adjust the activation position. The wire
will be activated at buccal segment at 2/3 of interbracket span instead of
anterior to molar tube of utility arch to produce less moment to molar as
asymmetrical V-bend.

2.  Asymmetrical V-Bend was already compared to untreated group. In
further study, this developed mechanic should be compared with other

treatment modalities in same setting such as utility arch or intrusive arch.

Clinical implication

The partial fixed appliance with asymmetrical V-Bend is suitable to the
matocclusion requiring intrusion and retroclination of lower incisors. The mandibular first
molars are need to tip the crown distally with minimal extrusion. This developed mechanic is
generally appropiate with normodivergent and class I facial profile patients who allow minimum
bite opening during intrusion of lower incisors. This appliance is not only limited to anterior
crossbite patients, it is also served to class I or class II patients whose lower incisors are required

to retrocline,
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CHAPTER 5

CONCLUSION

The partial fixed appliance with asymmetrical V-bend was comprise of 2x4
fixed appliance and archwire bending at two-third of interbracket span between permanent
molar and lateral incisor, and the longer part closed to anterior region. The angle between these
two parts was 45 degrees which created thé force of 40 g to intrude lower incisors. The wire was
cinched back to keep arch circumference. This treatment modality was the effective alternative
to intrude lower incisors in hyperdivergent growing patients with minimal extrusion of lower

molars and maintenance of facial profile.
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