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ABSTRACT

Introduction: Orthopedic facemask has been extensively used for the correction
of skeletal Class III with anterior crossbite growing patients. However, facemask therapy needs
extreme cooperation dependency, produces discomfort and predominantly generates dental effect
rather than skeletal effect. The authors had developed a so-called “Easy Light Fixed (ELF)
technique” which is considered to be simple, yet effective, and safe alternative treatment for Class
Il growing patients. Objectives: The aim of this study was to evaluate skeletal, dental and
alveolar bone thickness changes among Class 111 growing patients treated with the ELF technique.
Materials and methods: 11 patients with skeletal Class III and anterior crossbite were included
in this study. The mean age was 9.9 £ 1.0 years. ELF included 2x4 fixed appliance comprised 2
buccal tubes on the first permanent molars and 4 brackets with 0.022 x 0.028 inch slot on the
incisors. Upper and lower incisors were aligned until 0.021 x 0.025 inch stainless steel wire. After
that, a light-force generated 0.016 inch Beta-titanium (TMA) archwire was bended into advancing
loops with the height of 5 mm and the width of 3 mm, and placed right at the mesial surface of
molar tubes and circular hooks at mid-buccal of first premolars areas. Short light Class III elastic
5/16” 2 oz. were crossed from the upper circular hooks of upper archwire to distal of lower lateral
incisors. After crossbite correction was completed, lateral cephalogram was taken to evaluate
skeletal and dental changes. CT scan of upper incisors was taken to measure alveolar bone
thickness of these teeth. Results: With the treatment of ELF technique, anterior crossbite was
corrected and skeletal relationship was improved towards Class 1. The maxilla was displaced
forward 2.3 £ 1.4 mm. Upper incisors were positioned forward 4.8 = 1.8 mm and proclined
6.6 +3.0°. Vertically, the maxilla and upper incisors was displaced downward about 2 mm but not
significant. Maxillary rotation was not found. The mandible was moved downward 3.8 + 2.0 mm

but no changes in horizontal position and mandibular angle. Lower incisors were maintained its
v



horizontal position and inclination. Lower facial height was increased 4.1 = 1.0 mm. From CT
scan, labial, palatal and total alveolar bone thicknesses of upper incisors were not significantly
changed during advancing phase. Conclusion: ELF can be effective alternative treatment for
skeletal Class III growing patients with anterior crossbite and can move upper incisors without

alveolar bone changes.
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CHAPTER 1

INTRODUCTION

Background and rationale

In Class III malocclusion patients, maxillary deficiency is the most common
contributing componentl especially among Asians. A percentage of Class III patients with
maxillary deficiency were as large as 75% in Chinese’ compared with 57% in caucasian’. Class
IIT malocclusion often exhibits an anterior crossbite that may lead to the inhibition of maxillary
growth and unesthetically concave profile. Moreover, anterior crossbite may cause traumatized
and abnormal wear of the anterior teeth, dental compensation by proclination of upper incisors
and retroclination of lower incisors, resulting in thinning of the labial alveolar plate and/or
gingival recession and increasing the risk of periodontal problerns.4

According to the growth of Class III malocclusion with maxillary deficiency, the
maxilla appeared to be retrusive relative to normal and does not become less retrusive with time.”
Thus, an originally retruded maxilla cannot catch up with the growth of the mandible, leading to
worsening of the negative overjet with age.6 Class III malocclusion is not a self correcting
malocclusion at either the skeletal or the occlusal level and can be the problem that leads patients
search for treatment.

The early treatment that undertaken during the most active stages of dentition
and craniofacial skeletal growth often be considered in mild to moderate class III malocclusion
because the treatment can create a more favorable environment for dentofacial development,
improved occlusal function and reduced skeletal discrepancies. In Class III growing patients, the
orthopedic maxillary protraction facemask is one of the standard treatment protocols to encourage
forward and downward growth of maxilla by orthopedic force. By facemask, the anterior
crossbite can be corrected. Skeletal Class III and concave profile are improved.7 But this
appliance can be uncomfortable due to heavy protracted force and unacceptable by the patients
because of the unpleasant look of the appliance. Consequently, the patient’s cooperation may

become poor which, in turn, negatively influence the treatment effect.”



Moreover, a greater portion of the changes from this appliance are not pure
orthopedic, but are rather clockwise rotation of mandible, dentoalveolar change by proclination of
upper incisors and slightly forward movement of maxilla.” Such proclination may be prone to
labial bony resorption and, consequently, gingival recession and/or bone dehiscence. Moreover,
the relative intrusion from upper incisors proclination is opposite to the normal growth direction
and may lead to reduce tooth-lip relationship, resulting in poor esthetic.” In addition, the amount
of maxillary movement following protraction was not more than normal maxillary growth,
indicating the possibility of short-term relapse.1

From the above-mentioned facemask problems, it is probably more
advantageous to use an alternative treatment which is easier to manipulate, more comfortable, and
more user friendly but produce effective results. Moreover, this alternative treatment should move
upper incisors forward and downward and also enhance maxillary growth in these directions. In
many studies, the treatment that easy, more comfort and less cooperation in correcting crossbite is
2x4 technique which move dental only and not concern about skeletal problem.lo’ "
The commonly used archwire is stainless steel wire which is controlled to produce optimum
force. However, this wire has small working range so it can produce force over the optimum and
caused pain, gingival recession, root resorption and alveolar bone loss." Regarding a recent
concept, light forces applied to an individual tooth may affect not only the adjacent alveolar bone
but also the adjacent cortical bone of the loaded area” resulting in displacement of both tooth and
supporting alveolar bone. Hence, it is possible that by means of moving upper incisor forward and
downward with light orthodontic force, the alveolar bone and maybe premaxilla region are
expected to move forward and downward which minimally resemble the facemask effects.

To take the advantages of 2x4 techniques and light force concept, we developed
a new technique called “Easy Light Fixed technique” or “ELF”. This technique could be simple,
ease to manipulation, less discomfort and less patient’s cooperation need but still present
effectively results which bring about favorable amount and direction of upper incisors movement
to correct anterior crossbite, probably move premaxilla forward, safe for dentoalveolar structures

for treatment of Class III maxillary deficiency growing patients.



Review of literatures

Effects from the protraction facemask appliance

One of the most common appliances used to correct the Class III malocclusion
with maxillary deficiecy is the orthopedic protraction facemask appliance (Fig. 1). This appliance
consists of two main components”: the extra-oral components or the facemask with chin and
forehead support connected by a heavy metal arch and horizontal bar for attachment of elastics
and the intra-oral components to stabilize the maxilla as one unit by intraoral appliance such as
removable acrylic plate with occlusal coverage, fixed appliance with molars headgear tube and
rigid archwire or rapid maxillary expansion. Commonly intraoral appliance for facemask is
bonded rapid maxillary expansion. Many studies”™ "* have indicated that a simultaneous sutural
expansion with rapid maxillary expansion at the start of protraction facemask treatment facilitates
the anterior movement of the maxilla. Elastics are connected intraoral-to-extraoral and transmit
the heavy force to maxilla base and midface sutural interfaces. The direction of elastic angles 30
degree to occlusal plane which assumed to pass through center of resistance of maxilla on
zygomatic bone in forward and downward direction.” Force values from elastic are about 200-600

grams per side. Patient is instructed to use facemask 10-12 hours per day in evening and night.

Fig. 1: Protraction facemask with elastic that connected to rapid maxillary expansion



The treatment effects of the protraction facemask appliance are a combination of
skeletal and dental changes of the maxilla and mandible. The maxilla is moved forward and
downward with slightly counterclockwise rotation of palatal plane as the result of protraction
force; at the same time, upper posterior teeth are extruded and upper anterior teeth are proclined.
Consequently, downward and backward rotation of the mandible is occurred and improves the
maxillomandibular skeletal relationship in the sagittal dimension but results in an increase in
lower anterior facial height.7

The outcome of the early treatment is varied and depends largely on many
factors such as cause of the anterior crossbites and the age of the initial intervention. There have
been numerous reports about the effective of orthopedic protraction facemask appliance.z’ A
From many of previous studies, a greater portion of the changes from this appliance were not
orthopedic, but dentoalveolar changes and mandibular rotation as shown in Table 1. From the
study of Gu et al”, the skeletal changes contributed 40% and dental changes contributes 60% of
overjet correction in the reverse headgear group after treatment. Similarly to the study of
Lertpitayakul et alzl, the overjet was corrected by skeletal changes 40% and dental changes 60%.

From the study of Sung et alg, the effects of protraction facemask on upper
incisors were proclination that lead to relative intrusion. In protraction facemask group, upper
incisor inclination was more increased and upper incisor downward movement was less than the
Class I untreated patients. These indicated that treatment effect of facemask probably lead to
decreased incisal show in tooth to lip relationship and low smile line.

Moreover, relapse following treatment has been seen in certain patients after
growth has been completed. According to Sung and Baikl, the direction of the forward and
downward displacement resulting from the maxillary protraction was similar to that of a Class |
control group while the amount of forward and downward maxillary displacement measured at
A-point was significantly greater than that in the Class I control group. However, during the
observation period of 1 year following protraction, the amount of maxillary growth in the
protraction group was found to be less than the control group, indicating the possibility of short-

term relapse.



Table 1: Skeletal and dental effects of maxillary protraction therapy on Class III Asian patients

Age T Maxilla Ul  Mandible LI ANB

Ishii et al, 1987"" 10.7 15.8 2.7 5.4 -1.0 49 32
Baik, 1992" 108 59 1.9 2.1 -1.7 -13 35
Takada et al, 1993 " 100  14.0 1.5 1.4 1.2 02 2.8
Lim, 1995 99 175 1.8 2.0 -1.5 1.6 34
Ngan et al, 1996 84 6.0 2.0 3.4 -1.7 52 3.0
Sung and Baik, 1998’ 10.0 8.0 2.2 3.1 2.3 1.8 3.1
Gu et al, 2000" 85 106 23 2.5 -0.3 14 26
Lertpitayakul et al, 2001° 5.0  16.2 1.1 13 0.9 19 20

T, Treatment duration in months; Maxilla, change of maxillary position; UI, change of upper
incisor position; Mandible, change of mandibular position; LI, change of lower incisor position;

ANB, change of maxillomandibular relationship

In conclusion, although facemask has been considered as a standard treatment
for skeletal class III, it produces heavy force and depends on the wearer’s cooperation. Moreover,

the treatment effect is mainly dental rather than skeletal.

2x4 orthodontic appliance

In crossbite growing patients, a simple technique using a partial fixed edgewise
appliance (molar tubes and incisor brackets) to advance the incisors into a normal overjet has
been advocated.' Incisors are first leveled and aligned with segmented archwire and followed by
forward movement of the incisors with 0.016 stainless steel advancing loops. The length of
vertical loop depends on the depth of the vestibule that should not higher than 8 mm. The width
of the loop is usually 5 mm. The anterior segment of the wire is placed 2—-3 mm labial to the
incisor brackets and activated by engaging in the incisor bracket slot. After activation, the loop is
constricted, anterior and posterior segment of the wire are tilted down and the V-bend effect is
produced. From this application, the upper incisors are moved anteriorly by proclination and the

maxillary occlusal plane is rotated downward and backward.



From the study of Gu et al“, comparing the treatment effects between reverse
pull headgear and 2x4 technique, dental changes by upper incisor proclination appeared to
contribute more to the total overjet correction in 2x4 group. The anterior movement of maxilla
was less than the reverse pull headgear group and the skeletal change did not contribute to
crossbite correction. At the end of treatment, there was no significant difference in the position of
the incisors between the two groups. So, treatment effect of 2x4 technique was dental effect only

and not concerned about skeletal problems.

Light force concept

Regarding to the light force concept, the light force is defined as the force that is
less than the optimum force but is still enough to accomplish the orthodontic tooth movement.
Nevertheless, the determination of a low or a high level force applied in orthodontic movement
has yet to be definitely determined. The difference between a high and a low force is relative and
the terminology used varies according to the reactions of the surrounding periodontium.
The response of the teeth against the force is contributed to a function of force magnitude.

The heavy force can lead to rapidly developing pain, necrosis of the cellular
elements within the PDL, and undermining resorption of alveolar bone near the affected tooth.
Lighter forces are compatible with survival of PDL cell that lead to frontal bone resorption of the
tooth socket cell and painless. From the study of Tomizuka et al”, the initially light and gradually
increasing force from magnetic to move rat molar teeth caused less extensive hyalinization of the
periodontal tissue than heavy force. On compression site, the amount of osteoclasts in light force
group was more than the heavy force. The formation of resorbed lacunae on the bone surface in
the initial stage may have an advantage for the recruitment of osteoclasts and continuous bone
resorption, result in frontal bone resorption.

Orthodontic forces might not only influence the dentoalveolar system, but also
the surrounding and adjacent cortical bone. Forces applied to teeth act as a mechanical stimulus to
the underlying cortical bone and when they reach certain thresholds they influence bone
remodeling patterns. The heavy force that resulting in undermining resorption can probably
causes alveolar bone resorption. If the force used for proclination of upper incisors is heavy, it

might be increased the risk of bone resorption at labial bone of upper incisor and, consequently,



gingival recession and bone dehiscence can be occurred. With the light force, alveolar bone and
root may be preserved during tooth movement. Thilander et al”’ have advocated the use of light
orthodontic forces to increase the cellular activity in the surrounding tissues and reduce the risk of
root resorption. From case report of Hibino et a124, canine was distalized across a bone deficient
alveolar ridge. This case report had demonstrated the effective space closure and movement of
teeth into the bony defect with bony apposition to the site with the light orthodontic force from
the use of a laceback ligature. Moreover, the study of Tsolakis et alB, found that the cortical bone
osteogenic reaction to lighter force in the normal rats was expressed by increased osteoblastic
activity, normal lamellar orientation and normal distribution of osteocytes. In conclusion, the light
force can displaces both tooth and supporting bone. So, the proclination of upper incisors with the
light force will maintain the labial alveolar bone of upper incisors or decreases the risk of bone

resorption.

The light force for upper incisor protraction

According to the pressure-tension theory, The optimal force level for tooth
movement should not be over than 20-26 g/cm2 of capillary plressure.zs_27 Smith and Storey28
introduced the optimal-force theory, proposing that the optimum force related to the root surface
area and pressure between 150 and 200 g would produce the maximum rate of tooth movement to
distalize human maxillary canines. With the force increased beyond this optimum range,
hyalinization and undermining resorption could occur. According to Quinn & Yoshikawa® |
7 £ 14 kPa (70 £+ 140 g/cmz) would be optimal for canine retraction in humans.

In 2000, Iwasaki et al” compare a continuous retraction force averaging 18 g
with 60 g applied to the maxillary canines. Estimated average compressive stress on the distal
aspect of the canine teeth was 4 kPa or 13 kPa and the moment-to-force ratios were between 9
and 13 mm. The lag phase was eliminated and average velocities were 0.87 and 1.27 mm/month
for 18 and 60 g of average retraction force, respectively. They concluded that effective tooth
movement can be produced with lower forces and that because loading conditions were
controlled, cell biology must account for the variability in tooth velocities measured in these

subjects.



In 2009, Yee et al’' measured the rate and the amount of orthodontically induced
tooth movement under heavy (300 g) and light (50 g) continuous forces for maxillary canine
retraction. They found that the heavy force increased amounts and higher rates of tooth
movement, but the unwanted clinical side effects of loss of canine rotation control and anchorage
were concomitantly increased. Light forces provided a greater percentage of canine retraction
than heavy forces, with less strain on anchorage.

According to Lee32, He measured the surface of the root being exposed to
movement, called “the enface surface of the root”. The size of the enface root surface exposed to
mesiodistal movemenfs of upper canines is 0.75 em’. By considering the lower force for
maxillary canine retraction 18 g30 and 50 g31, the light force per a square centimeter is ranged
from 18/0.75 = 24 g/em’ to 50/0.75 = 67 g/em’ .

Applying the light force concept in the proclination of upper incisors, the
calculated light force and upper incisors enface root surface area in labiolingual movements are
used to perform the light force for proclination of upper incisors. The enface root surface of upper

o 2 L 2
lateral incisor is 0.4 cm™ and for upper central incisor is 0.5 cm’.

- The total enface root surface area of the 4 upper incisor teeth = (0.4 x 2) + (0.5 x 2)

=1.8 cm2

- The light force for proclination of upper incisors = 1.8 x 24 to 1.8 x 67

=43t0120 g

From the study of Reitan”, recommended force for extrusion of individual teeth
should be around 25 g. Relapse of the extruded teeth was only slight because individual fiber
bundles had been elongated and because newly formed osteoid layers in the apical area were not
be resorbed, but will remain there until calcified. But, there has not the present study about light
force for extrusion. So, the extrusion force should not over 100 g for the upper incisors. In
conclusion, the calculated light force used in this study was about 43 to120 g for horizontal force

and should not over than 100 g for vertical force.



Class III elastic

Intermaxillary Class III elastics are most helpful in orthodontic correction of
Class III case. They tend to produce lower incisor retroclination, upper incisor proclination, and
anteroposterior correction of the molar relationship with mesial tipping of maxillary molar.
All component of the Class III elastic force can therefore be helpful in reaching treatment goals in
average or low angle cases by upper molar extrusion, upward and forward rotation of maxillary
plane and consequently, backward and downward rotation of mandible will be occurred and also,
decreased the deep bite and Class III molar relationship. However, in high angle Class III cases
with an open bite tendency, upper molar extrusion is contra-indicated.” The Class III elastics is
commonly crossed from upper first molar hook to lower canine hook that angle to occlusal plane
about 30 degree. The component of the elastic force is divided in horizontal and vertical direction.
The long Class III elastic can produce more horizontal force. In order to, the more vertical force,
short Class III elastics crossing from upper premolar area to lower canine that angle to occlusal
plane about 60 degree can be used. With this angle, the effect on maxillary plane rotation is
decreased because the line of force passes closed the center of rotation of maxillary teeth that
located between first and second premolar root. In Class III patients, maxilla is also deficient in
vertical direction which always shows in decreased incisal show at rest. So, using short Class I1I
elastic may be advantageous in promoting vertical movement of upper teeth and may enhance

vertical growth of maxilla.

Pilot study for the light force

This study designed the new technique for forward and downward movement of
upper incisors by 2x4 appliance with advancing loops to proclined upper incisors combined with
short light Class III elastics. The light force for the upper incisors was ranged about 43-120 g of
horizontal force and not over 100 g of vertical force as described previously. To achieve this light
force level, pilot study was done to test the force that produced from advancing loops by universal
testing machine as show in Fig. 2. In addition, Class III elastics were measured the force and the

angulation.
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According to short light Class III elastics, the lightest elastics in
PSU orthodontic clinic or 5/16” (8 mm) 2 oz (Ormco) were used to produce vertical force
component for downward movement of upper dentition and maybe maxilla and also produce
horizontal force component. This Class III elastic was crossed from middle of buccal surface of
upper first premolar or upper first primary molar to distal of lower lateral incisor to produce
the forward and downward force for upper incisors. The 10 elastics were used to test angulation
and produced force. As result, short light Class III elastic angled 30-45 degree to occlusal plane.
With these range of angles, the force produced from the elastic was 25-40 g. Regarding to the
angle 30 degree, the horizontal force was ranged from 22-34 g (cos(30°) x 25 to cos(30°) x 40)
and the vertical force was ranged from 13-20 g (sin(30°) x 25 to sin(30°) x 40). About the angle
45 degree, either horizontal or vertical force was ranged from 18-28 g. In conclusion, the short
light Class III elastic produced 18-34 g of horizontal force and 13-28 g of vertical force. If the
elastics were crossed both right and left side, the total force from the elastics for upper incisors

were 36-68 g in horizontal and 26-56 g in vertical.

Fig. 2: Show universal testing machine and testing method

The horizontal force of upper incisors was a combination of advancing loops and
short light Class III elastics. If the 36-68 g of the elastics force was subtracted from the 43-120 g
of total horizontal light force, the force from archwire should be within 7-52 g. So, the wires with
various type and preparation were tested for the appropriate archwire that can produce the light

force. The included various types of archwires were 0.016” stainless steel wire with advancing
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loops, 0.016” Beta-titanium wire or TMA with advancing loops, 0.016” NiTi with crimpable
stops, 0.016” x 0.016” NiTi with crimpable stops. The size of advancing loops was designed in
height 5 mm to avoid irritating vestibules and width 3 mm. "’ Each types of archwire consisted of
10 wires. Each archwires was inserted in buccal tube of molars teeth in typodont. Anterior
segment of the archwire was coligated 4 points to acrylic pad with ligature wire to represent the
four upper incisor bracket positions. And then, cylindrical metal head of universal testing
machine was used to push at labial most of archwire with 1 mm activation of the wire. Force was
measured 3 times per wire. From the force test (Table 2), the archwire that produced appropriated
horizontal force within 7-52 g was 0.016” TMA with 5 x 3 mm advancing loops. This archwire
produced force about 38 g. When combined the horizontal force from the Class III elastics (36-68
g) and advancing loops (38 g), the total horizontal force was 74-106 g. In conclusion, ELF
technique which was the application of 2x4 appliance, 0.016” TMA wire with advancing loops
and 5/16” 2 oz. short light Class III elastics produced 74-106 g of horizontal force and 26-56 g of

vertical force.

Table 2: Average force from 1 mm activation of the various type and preparation archwires

Average force (g)
Wire types Preparation method
Mean + SD
0.016” SS
5x3 mm advancing loops 82.24 +£20.80
(Highland)
0.016” TMA
5x3 mm advancing loops 38.44 +4.04
(Ormco)
0.016” TMA
5x3 mm advancing loops 63.36 + 6.59
(Ormco)
0.016” NT
Crimpable stops 83.07+£7.72
(Highland)
0.016” x 0.016” NT
Crimpable stops 126.53 +11.36
(Highland)




Conceptual framework
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Fig. 3: Conceptual framework
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Objectives

1. To investigate skeletal and dental changes after the application of ELF in Class
III growing patients.
2. To examine the change of the alveolar bone quantity of the upper incisors

dentoalveolar area after the application of ELF in Class III growing patients.

Hypothesis

1. Forward and downward movement of upper incisors and the anterior maxillary
dentoalveolar structures or premaxilla can be achieved by the use of ELF.

2. ELF can maintain the alveolar bone thickness of the upper incisors.

Significance of the study

This new approach will be able to move the upper incisors and the premaxilla
forward and downward with favorable amount and direction, safe for dentoalveolar structures,

simple and commonly used in clinic, less discomfort, and less need for patient co-operation.



Subjects

CHAPTER 2

RESEARCH METHODOLOGY

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 was calculated from the formula of Kittika™
Sample size (n) = (Z aa tZ (I_B))z o’ diff
-5

The values of parameters are taken from the study of Gu et al'' as follow:

;2 - x_1 (difference of mean between before and after treatment) is 2.6.

O diff (standard deviation of total change) is 3.0.
The level of significance of the change is established at 95% (Z | q,= 1.96).
The power of the test in this study is established at 80% (Z ;= 0.84).

So sample size in the study is 11 patients.

The samples were selected from patients who received orthodontic treatment at

orthodontic clinic in the Faculty of Dentistry, Prince of Songkla University. The inclusion criteria

WEre:

1. Class III malocclusion patients

2. Aanterior crossbite or edge to edge incisor relationship in centric occlusion

3. Mild skeletal Class III with hypodivergent or normodivergent pattern or
-2 < ANB < 1 degree and SN-MP < 35° when assessed from lateral
cephalogram.

4. During pre-pubertal growth spurt or between stage 1-5 of skeletal
maturation” assessed by hand & wrist radiographic examination according

to method of Bj(‘jrk37 and Grave and Brown' .

14
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5. From treatment plan, upper incisors were moved forward and downward to
correct anterior crossbite.
6. No underlying disease.
7. No sign and symptoms of periodontal disease.
8. No oral habits that include thumb sucking, nail biting, tongue thrusting, lip
biting.
All of patients were informed about step of treatment and willing to participate.
When a patient sample was satisfied the inclusion criteria attended the orthodontic clinic, parent
and patient were invited to enter the trial. Then, the orthodontist provided the patient and parent

both oral and written information of detail to study.

Material and method

Easy Light Fixed (ELF) design and treatment sequence

Patients were treated with 2x4 preadjusted edgewise fixed appliances (Ormco,
3M) that consist of 4 permanent upper incisor brackets with 0.022” x 0.028” slot and 2 permanent
first molar buccal tubes with 0.022” slot. Upper incisors were aligned until 0.021” x 0.025”
stainless steel wire which used as main archwire and were co-ligated with ligature wire as one
unit. Lower incisors were also aligned until 0.021” x 0.025” stainless steel wire. In patients who
had overbite of anterior crossbite 2-3 mm, the posterior raised bites by light cured compomer
(Bandlok, Unitek, 3M) were added at occlusal surface of lower molars to open the bite and unlock
upper incisors for forward movement (Fig. 4).

Then, the rigid lower archwire, 0.021” x 0.025” stainless steel wire, was inserted
both lower incisors and lower molars for supporting short light Class III elastics and maintaining
lower incisor position. The crimpable hooks or Kobayashi hooks were attached at distal of lower
lateral permanent incisors. After that, the U-shaped advancing loops were bent in 0.016” (0.4mm)
diameter TMA round wire (Ormco, 3M). The length of the loop was about 5 mm and the width of
the loops was 3 mm. Circular hooks in 2 mm diameter for elastics were bent anterior to advancing
loops. When inserted the wire in upper buccal tubes, distal portion of the advancing loops were

laid against the mesial end of the molar tubes and circular hooks position must be placed at
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middle of buccal primary first molars or first premolars area. Anterior segment of TMA wire was
placed 1 mm labially to main archwire of upper incisors. Then, the TMA wire was push to
contact the main archwire and ligated with elastomeric ring in upper incisor brackets. To support
the vertical force for downward displacement of upper incisors, short light Class III elastics
(5/16” 20z or 56 g) were used. The short light Class III elastics were designed to cross from the
circular hooks of the TMA wire to the hooks at distal of lower lateral permanent incisors. The

elastics were angled about 30-45" to occlusal plane (Fig. 5).

Fig. 4: Aligning upper and lower incisors and raising the bite by compomer at

lower first permanent molars

Fig. 5: Easy Light Fixed (ELF) technique: 2x4 fixed appliance, 0.016” TMA wire with

advancing loops and circular hooks and short light Class III elastics

Patients and parent were instructed to use short light Class III elastics all the
time except eating and tooth brushing time. The timecard was given to patients and parent to
record the use of the elastics. Reminding for using elastics was done by phone. Moreover, agility
of crossing elastics was test to evaluate the cooperation. After achieving normal overjet and

overbite, 0.016” stainless steel wire with passive stops at mesial to molar tubes was used to
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maintain upper incisors position and discontinued the short light Class III elastics and removed
the compomer on lower molars (Fig. 6). The first permanent molars were allow to extrude until
obtained the seated molar occlusion for maintaining the vertical dimension after anterior crossbite
correction. Lateral cephalograms were taken to evaluate changes of dental and skeletal. Upper
incisors were maintained for 4 months before performing CT scan to evaluate alveolar bone.
Between maintenance of upper incisor position period, patients were examed for stability of

overjet and overbite every month.

Fig. 6: Maintaining upper incisors with 0.016” stainless steel wire with passive stops and

discontinued the elastics after obtain normal overjet and overbite

Records and data analysis

Cephalometric analysis

Lateral cephalometric films were taken from natural head position which the
patient was in the cephalostat and look straight ahead into a mirror. The patient was observed
from the side to ensure that the pupil is in the middle of the eye, and the head was repositioned if
there is even a slight discrepancy. The patient was instructed to comfortable and relax and not to
tilt or tip the head.” Lateral cephalographs were done before the beginning of treatment (T ) and
after achieved normal overjet, overbite and seated molar occlusion (T,). All lateral cephalometric
radiographs used in this study were taken in the same cephalostat and cephalometric X-ray
machine. Cephalometric 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 to avoid interoperate

errors. Linear and angular measurements were measured by same protractor. All cephalograms
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were retraced and remeasured independently on 2 separate occasions with 4 week intervals.
Method error (ME) in locating and measuring the changes of each landmarks were calculated by
Dahlberg’s formula”’. Total error about 0.59 mm was acceptable levels of accuracy.41 References

and measurements that used in lateral cephalometric analysis are as follow (Fig. 7):

Reference points:

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

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

- Mnl (incision inferius): the incisal tip of the most prominent mandibular incisor

- MXI (incision superius): the incisal tip of the most prominent maxillary incisor

- Pog (pogonion): the most anterior point on the bony chin.

- 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.

- Point A: the innermost point on the contour of the premaxilla between anterior nasal spine
and the incisor tooth.

- Point B: the innermost point on the contour of the mandible between the incisor tooth and
the bony chin.

- ANS (anterior nasal spine): the tip of the anterior nasal spine of the process of the maxilla
forming the most anterior projection of the floor of the nasal cavity.

- PNS (posterior nasal spine): the tip of the posterior spine of the palatine bone, at the junction

of the hard and soft palates
Reference lines:"

- Horizontal reference line (X): the 6 degree downward line from sella-nasion (SN) line at
sella.

- Vertical reference line (Y): the line that perpendicular to the horizontal reference line at sella

- SN plane: the line connecting the sella(S) to the N point

- Palatal plane(PP): the line connecting the anterior nasal spine (ANS) to the posterior nasal
spine (PNS)

- Mandibular plane (MP): the line connecting gonion (Go) to menton (Me)
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- Ul axis (long axis of upper incisor): the line connecting MxI to apical most of upper incisor
root
- LI axis (long axis of upper incisor): the line connecting Mnl to apical most of lower incisor

root

Angular measurements:

- SNA: the angle designed to evaluate the anteroposterior position of the maxilla relative to
the anterior cranial base

- SNB: the angle designed to evaluate the anteroposterior position of the mandible relative to
the anterior cranial base

- ANB: the difference between SNA and SNB indicates the magnitude of the skeletal jaw
discrepancy

- Ul axis-PP: the angle formed from the long axis of the upper incisor (UI axis) and the palatal
plane

- LI axis-MP: the angle formed from the long axis of the lower incisor (LI axis) and the
mandibular plane

- Palatal plane angle: the angle formed by SN plane to palatal plane

- Mandibular plane angle: the angle formed by SN plane to mandibular plane

Linear measurements:

- Horizontal and vertical linear measurements: the measured by the distance from X-axis and
Y-axis to Point-A, point-B, ANS, MxI, Mnl, and Pog to evaluate the skeletal and
dentoalveolar changes

- Opverbite: the measured by distance along Y-axis between MxI and Mnl

- Opverjet : the measured by distance along X-axis between MxI and Mnl

- LFH (lower facial height): the measured by distance from subnasale point to soft tissue

menton



S-True

horizontal line

Q 6 degree

Fig. 7: The cephalometric reference points and lines, angular and linear measurements
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Lateral cephalometric measurements in this study were performed by X-Y
coordination in 6 degree down from S-N plane as horizontal reference line and perpendicular to
horizontal line at Sella turtica as vertical reference line. With distance measuring, we could ensure
before and after difference from the same reference without confounding from the change of
reference point. From the study of Pancherz et a143, S-N plane was rarely changed with short-term
growth and easy to construct when compare to another reference line such as Frankfort plane or
occlusal plane. In addition, Horizontal reference line was constructed by 6 degree down from S-N
plane to simulate natural head position.44 Outcome measures to be assessed in the cephalometric
results were sagittal and vertical position changes of skeletal and dental. The mean and standard

deviation of cephalometric values were calculated and compared the result at T, with T,,.

Dental CT scan

The bone thickness of upper incisors was evaluated by CBCT scan. The linear
and angular measuring in CBCT produced a 1-to-1 image-to-reality ratio.” CBCT findings have
proven to be statistically similar to histologic measurements. Moreover accuracy and reliability of
CBCT measurements are not affected by changing the skull orientation."” ¥’ So, this study was
designed to use CT measurements to more accurately evaluate bone thickness changes.

CT scan was done at upper incisors region with 80 kV, 3-5 mA (depend on the
patient body proportion) from dental CT scanning (Veraviewepocs, J.Morita, Tokyo, Japan). And
this region was determined by setting the panoramic radiograph. CT scan images were taken
before the application of advancing loops and elastics, (CT,) and 4 months after achieving normal
overjet and overbite (CT,) for completing the bone remodeling process. For each tooth, the labial,
palatal and total thickness of alveolar plates was measured by OneVolumeViewer ™ software.
Bone thickness was measured in 3 levels of the root, crestal level (S1), mid root level (S2), and
apical level (S3). These levels were specified along the long axis of the tooth and located every 3
mm above cementoenamel junction (CEJ) level (Fig. 8). Measurements were taken at the site
adjacent to the widest point of the labio-lingual root surface in cross sectional image of each level

(Fig. 9).
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Fig. 8: Measurements of bone thickness from CT scan images

Palatal

Labial |

Fig. 9: Measurements of maxillary teeth bone plate thickness
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All CT images at CT, and CT, were taken 9 measurements for each tooth: 3 on
the labial side, 3 on the palatal side, and 3 for the total thickness. CT, measurements took at the
same slice levels as those at CT, using CEJ level of the tooth as a reference. All measurements
on CT scans were traced by same investigator. Alveolar bone thickness measurements that were
used in computed tomography analysis are as follow:

The thickness of the labial alveolar plate was measured as a line passing from
the outer surface of the labial plate to the mid labial root.

L1: labial alveolar bone thickness at crestal level (S1)

L2: labial alveolar bone thickness at mid root level (S2)

L3: labial alveolar bone thickness at apical level (S3)

The thickness of the palatal alveolar plate was measured as a line passing from
the outer surface of the palatal plate to the mid palatal root.

P1: Palatal alveolar bone thickness at crestal level (S1)

P2: Palatal alveolar bone thickness at mid root level (S2)

P3: Palatal alveolar bone thickness at apical level (S3)

The thickness of the total alveolar plate was measured as a line passing through
the center of the pulp from the outer surface of the palatal plate to the outer surface of the labial
plate.

T1: Total alveolar bone thickness at crestal level (S1)

T2: Total alveolar bone thickness at mid root level (S2)

T3: Total alveolar bone thickness at apical level (S3)
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Statistic analysis

Shapiro-Wilk test was used to test normality of cephalometric and CT scan data.
The measurements of all samples were presented by mean and standard deviation. Paired t-test
was used to compare the skeletal and dental changes between T, and T, and used to compare the
upper incisors bone thickness changes between CT, and CT,. The acceptable alpha level for
significance was usually 0.05. But in this study, there are multiple outcome measures and there
was concern about the possibility that the results might be perceived as being a fishing
expedition. This obviously makes it harder to claim a significant result and so doing decreases the
chance of making a Type I error to every acceptable levels. So, a Bonferroni adjustment48 to
calculate an adjusted alpha level was used by dividing the original alpha level (0.05) with the
number of outcome measures. The measured parameters for cephalometric changes were 24
parameters. And those for CT image changes were 9 parameters of each upper incisor. So, the
adjusted significant level for cephalometric and CT image changes were p < .002 and p < .005
respectively.

The reproducibility of skeletal, dental and bone thickness measurements was
assessed by calculating method error from the difference between two measurements taken at

least 4 weeks apart. The measurement error was calculated from the formula of Dahlberg40:

Method error = N 2d’/2n

d: The difference between duplicated measurements

n: The number of double measurements

Intraobserver reliability of the measurement was calculated by Paired t-test with

significant level at p < 0.05.



CHAPTER 3

RESULTS

At the beginning, there were 13 subjects participated in this study. Because the

anterior crossbite was corrected during leveling phase, 2 cases were excluded. The remaining 11

samples comprised 9 females and 2 males. Sex and age of all subjects at the start of treatment

were summarized in Table 3. Their mean age at the start of the treatment was 9.9 + 1.0 years.

Treatment duration of each subjects were showed in Table 4 and average total treatment time was

10.6 + 3.5 months. At pre-treatment, subjects were mild skeletal Class III (ANB, -1.2 + 2.3°) with

normodivergent pattern (SN-MP, 31.2 + 2.3°) and had anterior crossbite (OJ, -3.1 £ 1.1°).

Table 3: Sex and age at the start of treatment of all subjects

Subjects n mean (year) SD
Female 9 9.8 1.1
Male 2 10.5 0.6
Total 11 9.9 1.0

n, number of subjects; SD, standard deviation

Table 4: Treatment duration (month) of the treatment

mean SD

Leveling phase 5.6 1.7
Advancing phase 50 36

Total
10.6 35
(T,-T)
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Magnification and measurement error analysis

Method error for lateral cephalometric measures were 0.1 mm., ranging from 0
to 0.4 mm, for the distance measurement and 0.3°, ranging from 0° to 0.8° , for the angular
measurement. Method error for the bone thickness measurement from computed tomography was
0.33 mm, ranging from 0.00 to 0.49 mm. Paired t-test showed no significant difference between

two series of measurements. So, the method was found to yield sufficient reliability.

Lateral cephalometric analysis

Shapiro-Wilk test was used to test normality, and found means of cephalometric
measures normally distributed. Paired t-test was used to compare the mean differences of
pretreatment and after achieving normal OJ, OB and seated molar occlusion (T, - T,). Means and
standard deviations of each cephalometric measure at T, and T, and the changes were shown in

Table 5.

Macxillary measurements

Macxilla

Maxillary skeletal measurements (premaxilla area) showed significant forward
changes about 2 mm (ANS and A to S vert., p < .002). SNA was also increased 1.2° but not
significance. Vertically, A point (A to S hor., p =.002) showed significant downward changed 2.5
mm. ANS point (ANS to S hor.) displaced downward 1.8 mm but not significant. In addition,

maxillary plane (SN-PP) remained unchanged.
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Upper incisors

Upper incisors were significantly moved forward about 5 mm (MXxI to S vert.,
p < .002) and proclined 6.6° (UI axis-PP, p < .002). In vertical, upper incisors were moved
downward 1.9 mm (MxI to S hor.) that nearly the downward movement of ANS point but not

significant.

Mandibular measurements

Mandible

The mandible significantly moved downward about 4 mm (B and Pog to S hor.,
p <.002) and lower facial height showed significant increases 4 mm (LFH, p < .002). There were
not significant changed of mandibular angle (SN-MP). The horizontal measurements (B and Pog

to S Vert. and SNB) of mandible were not significant changed.

Lower incisors

Lower incisors were significantly moved downward about 4 mm (Mnl to S hor.,
p < .002) similar to mandibular movement but showed no horizontal change (Mnl to S vert.).

Inclination of lower incisors (LI axis - MP) was decreased about 2° but not significant.

Maxillomandibular relationship measurements

Overjet was significantly increased from negative to normal about 5 mm which
mainly resulted from forward movement of upper incisors. Overbite was significantly decreased
about 2 mm (from 3.7 mm in crossbite to 2 mm in normal overjet). Forward movement of the
maxilla led to a significant improvement in intermaxillary sagittal relationship. ANB was
significantly increased 2°. The distances between A and B points in horizontal (A-B hor.) was

also increased 2 mm and in vertical (A-B vert.) 1 mm but not significant in both direction.
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Table S: Measurement values at T, and T, in each variable and the differences

Variables Ty L LTy
mean SD mean SD mean SD P value
Horizontal measurements
Overjet -3.1 1.1 2.0 1.0 52 1.6 <.001%*
A-B hor. -0.7 5.0 0.9 4.2 1.9 23 .031
ANS-S vert. 684 55 704 5.6 2.0 1.2 <.001*
A-S vert. 648 58 670 6.1 23 1.4 <.001*
MxI-S vert. 674 78 725 85 4.8 1.8 <.001%*
Mnl-S vert. 705 83 705 85 04 27 1.000
B-S vert. 655 99 66.1 95 0.4 3.4 486
Pog-S vert. 664 114 672 109 0.6 3.8 422
Vertical measurements
Overbite 3.7 1.4 1.7 0.8 -19 19 .002*
A-B vert. 369 3.1 384 45 1.3 2.4 .053
ANS-S hor. 435 3.0 450 33 1.8 1.7 .012
A-S hor. 475 34 495 33 2.5 1.6 .002*
MxI-S hor. 67.8 45 695 44 1.9 2.1 .009
Mnl-S hor. 64.1 48 67.8 4.6 3.9 1.9 <.001%*
B-S hor. 844 57 879 58 3.8 2.0 <.001%*
Pog-S hor. 943 7.0 99.1 82 53 24 <.001*
LAFH 604 45 649 49 4.1 1.0 <.001%*
Angular measurements
SNA 81.7 46 830 43 1.2 1.1 .003
SNB 83.0 51 825 47 -06 1.8 378
ANB -1.2 23 0.5 1.6 1.8 1.0 .001*
UI axis-PP 117. 7.7 124, 73 6.6 3.0 <.001*
LI axis-MP 905 50 8.1 54 23 41 297
SN-PP 9.9 29 101 34 0.3 2.0 .690
SN-MP 312 23 319 52 0.6 1.6 147

*p <.002; NS, not significant; SD, standard deviation; S vert., S vertical reference line;

S hor., S horizontal reference line



Computed tomography analysis

bone thickness was normally distributed. Paired t-test was used to compare the difference of
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Shapiro-Wilk test was used to test normality. It was found that mean alveolar

alveolar bone thickness before advancing phase and after 4 months maintaining (CT, — CT,) of

four upper incisors. The changes of labial bone, palatal bone and total alveolar bone thickness

were showed in Table 6, 7 and 8 respectively. Labial, palatal and total bone thickness of upper

incisors had no significant changes in three sections. According to total bone thickness, There

were slightly decreased the thickness but no statistically significant changes.

Table 6: Comparison of mean labial alveolar bone thickness of four upper incisors at CT

and CT,
Labial bone width CcT CT- CT,
mean SD mean SD mean SD P value
Maxillary L1 0.55 0.54 0.40 0.26 -0.16 0.54 .400
. L2 0.80 1.27 0.45 0.47 -0.35 1.10 .366
right lateral
L3 1.92 2.19 1.73 1.58 -0.19 1.38 .694
Maxillary L1 0.88 0.33 0.82 0.35 -0.06 0.29 .564
. L2 1.26 0.74 1.15 0.83 -0.11 0.48 524
right central
L3 2.22 1.55 2.74 1.62 0.52 1.08 183
Maxillary L1 0.89 0.41 0.78 0.26 -0.10 0.17 128
L2 1.34 0.64 1.37 0.63 0.03 0.38 .847
left central
L3 2.55 1.34 2.42 1.08 -0.12 0.55 .554
Maxillary L1 0.45 0.48 0.30 0.28 -0.12 0.32 .300
. L2 0.85 0.99 0.46 0.55 -0.30 0.43 .066
right lateral
L3 2.03 2.00 1.66 1.52 -0.29 0.76 294

Significant when p < .005
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Table 7: Comparison of mean palatal alveolar bone thickness of four upper incisors at CT

and CT,
Palatal bone width CT, CT, CT, - CT,
mean SD mean SD mean SD P value
Maxillary P1 1.14 0.43 1.21 0.54 0.07 0.43 .642
right lateral P2 2.39 0.50 2.08 0.71 -0.31 0.59 156
P3 3.62 0.77 3.19 0.92 -0.44 1.06 251
Maxillary P1 1.53 0.93 1.05 0.32 -0.48 1.07 213
. P2 2.37 0.77 1.88 0.50 -0.48 0.63 .067
right central
P3 4.09 1.78 2.95 1.17 -1.14 1.15 .018
Maxillary P1 1.38 0.20 1.32 0.38 -0.05 0.31 .640
left central P2 3.03 1.23 2.59 1.06 -0.40 0.46 .032
P3 4.49 1.73 4.09 1.60 -0.36 0.36 .015
Maxillary P1 1.22 0.41 1.25 0.74 0.02 0.42 .875
. P2 2.51 1.17 2.44 1.41 -0.06 0.39 671
right lateral
P3 3.77 1.40 3.49 1.73 -0.22 0.87 485

Significant when p < .005

Table 8: Comparison of mean total alveolar bone thickness of four upper incisors at CT  and CT,

Total bone width CT, CT, CT-CT,
mean SD mean SD mean SD P value
Maxillary T1 7.39 0.95 7.27 0.74 -0.12 0.49 474
. T2 8.05 1.14 7.58 1.11 -0.47 0.64 .059
right lateral
T3 9.45 2.24 8.83 2.20 -0.62 0.88 .069
Maxillary T1 8.08 1.17 7.69 0.49 -0.39 0.90 229
. T2 8.25 1.08 8.02 0.97 -0.24 0.32 .054
right central
T3 9.96 2.93 9.38 2.26 -0.57 0.84 .076
Maxillary T1 8.09 0.64 7.96 0.71 -0.11 0.34 .348
left central T2 9.26 2.10 8.96 1.59 -0.27 0.76 318
T3 10.56 2.82 10.05 2.57 -0.46 0.66 071
Maxillary T1 7.50 0.87 7.38 1.15 -0.09 0.45 556
T2 8.56 1.97 8.13 1.95 -0.34 0.53 .093

right lateral
T3 9.73 2.95 9.31 2.61 -0.33 0.50 .082

Significant when p <.005
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DISCUSSION

An initial characteristic of samples in this study was mild skeletal Class III with
normodivergent pattern. Although maxillary position of the subjects was within normal range or
orthognathic maxilla, treatment is necessary because the abnormality tends to worsen with age,
since maxillary growth cannot catch up with the mandibular growth.49 The mean age of samples
was 9.9 + 1.0 years and skeletal age was within pre-pubertal growth spurt. We assumed that
growth between female and male in pre-pubertal stage or age below 11-12 years was not different
as reported by Alexander et al”. Hence, the male and female data was pooled.

The results of this study demonstrate that ELF technique can effectively correct
anterior crossbite and improve skeletal relationship. The maxilla measured from the premaxilla
area was displaced forward with neither vertical change nor rotation. Upper incisors were
proclined and positioned forward. The mandible was moved downward without change in
horizontal position and mandibular angle. Lower incisors were moved downward along with the
mandible but maintained its horizontal position and inclination. Lower facial height was
increased. From CT scan, labial, palatal and total alveolar bone thicknesses of upper incisors did

not change during treatment.

Skeletal and dental changes

The maxillary and upper incisor changes

Horizontal changes

After 10.6 months of treatment time, forward movement of the premaxilla and
upper incisors was about 2 mm. and 5 mm respectively, which is more than horizontal growth of
the maxilla (approximately 1.2-1.4 mm/year) and the upper incisors (approximately 1.6 mm/year)

among untreated Class III subjects of the same age from the study of Alexander et al.”
31
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Comparing the change of SNA angle, SNA in this study was increased 1.2° more than 0.1° of
untreated Class 11> Although the A point significantly moved forward, the increasing SNA
angle showed no significant change. This may be because the change of angle is less than the
change of distance when A point moved forward. The higher rate of maxillary forward movement
of the study subjects may be resulted from the combination of growth of the maxilla and the
effect of force from ELF technique. The light advancing force from TMA wire with short light
Class III elastics probably moved both upper incisors and the premaxilla forward.

The more forward movement of the upper incisors than the maxilla, in
combination with the increase of inclination, indicates tipping movement of these teeth. These
may be caused by the orthodontic force that did not pass the center of resistance of the upper
incisors. When combined four upper incisors as a unit, center of resistance was located mid-root
level of upper incisors in vertical position51 and between upper central and lateral incisor in
anteroposterior position. The light force direction from TMA wire with advancing loops passed at
the bracket below the center of resistance that lead to upper incisor proclination. Such incisal
proclination was advantageous for most Class III growing patients whose upper incisors were
usually retroclined. Although, the 6.6° proclination of upper incisors in this study was less than
the 9.5° proclination of 2x4 technique in Rabie’s studylo. These indicated the less relatively
intrusion of the upper incisors and less worsen of the low smile line and tooth-lip relationship.

From the study of Al-Abdwani et alsz, each 10° proclination of the upper
incisors resulted in an average of 0.4 mm retraction of A point in the horizontal plane. Since the
upper incisor proclination of the subjects in this study was as little as 6, the point A position was
less likely to be affected by the incisor proclination, but rather by the forward displacement of the

premaxilla.

Vertical changes

As previous study of vertical growth of the maxilla and upper incisors, the
maxillary vertical change was downward 1.3-1.5 mm/year. Palatal plane angle was rarely
changed (-0.4° to 0.8° /year). The upper incisors were also downward 1.8-1.9 mm/year. Although
the vertical changes of the premaxilla in this study, considering to ANS point, were not

significance, the downward movement of ANS point and the change of palatal plane in
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10.6 months were 1.8 mm and 0.3" respectively. And the downward movement of the upper
incisors was 1.9 mm. These indicated the normal vertical growth of the premaxilla and upper
incisors in this study. The force of short light Class III elastics was expected to downward move
upper incisors and maybe to enhance maxillary growth in vertical. But the result did not showed
the changes over the normal vertical growth may be because the TMA wire was curved down
when crossed the elastics led to decrease the vertical force that not enough to stimulate the
premaxilla downward. Anyhow, these downward movements improved tooth-lip relationship.
The initial tooth-lip relationship of the patients in this study was -0.3 mm. After the treatment,
tooth-lip relationship was increased to 1.3 mm.

The A point showed significant downward movement while ANS and upper
incisor changes were not significant. From the study of Shanker et alss, the untreated Class 11
patients were evaluated for the localized remodeling of A point in vertical dimension. Their
results showed that A point was found to remodel downward 1.1 mm during 6 months. This
indicated that the significant downward movement of A point in this study may be resulted by
downward local remodeling during growth combined with downward movement of the

premaxilla.

The mandibular and lower incisor changes

Horizontal changes

Although the mandible was clockwisely rotated, it was not displaced backward.
This can be explained by the mandibular growth. In untreated Class IIISO, sagittal movement of
the mandible (Pog-Na prep, distance from pogonion to nasion perpendicular line) increased about
1 mm during 10-11 years. So, the backward displaced of the mandible from the clockwise
rotation was diminished by forward growth of the mandible.

As planned, the inclination of lower incisors was not retroclined. The anterior
crossbite was expected to be solely solved by forward movement of upper incisors. The use of
lower large rectangular archwire to support the anchorage for short light Class III elastics can

minimize retroclination effect due to the use of Class III elastics.
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Vertical changes

The mandible had significant downward because the mandible had clockwise
rotation. During treatment, posterior raised bite by compomers was used to open the bite and the
mandible displaced downward and backward. After that, upper incisors were advanced until
obtained normal overjet and overbite. In clinical, after achieved normal overjet and overbite,
compomers were removed and, then, unseated molars were allow to extruded until obtain the
occlusion. These indicated that occlusal plane was changed downward. So, the new occlusion
maintained vertical position of mandible. Finally, the mandible was positioned in backward and
downward direction led to significantly increase of lower facial height.

From clockwise rotation of the mandible, mandibular plane angle should be
increased. But in this study, this angle was not significant changed. In untreated Class HISO,
mandibular plane angle (FMA, angle between Frankfort and mandibular plane) slightly decreased
during 10-11 year. The forward movement of the mandible and decreased mandibular plane angle
indicate anterior rotational growth pattern of the mandible which commonly occurs in
normodivergent or hypodivergent growth pa‘[telrn.54 So, the mandibular plane was maintained by
anterior rotation of mandibular growth.

In conclusion, downward but not forward movement and maintained angle of the
mandible were resulted from anterior rotational growth of mandible that counteracted clockwise

rotation of the mandible during anterior crossbite correction.

Macxillomandibular changes

Horizontal changes

The ANB and overjet were significantly increased. The horizontal distance from
A point to B point was also increased but not significant. These changed because the premaxilla
and upper incisors had forward movement while the mandible and lower incisors were unchanged
the horizontal position. These changes improved skeletal Class III relationship and corrected

negative overjet. So, the patients that suit to this changes were skeletal Class III with anterior
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crossbite that maxilla has deficiency in sagittal dimension and need to move the maxilla forward

than move the mandible backward.

Vertical changes

Overbite was significantly decreased from deepbite in anterior crossbite to
normal overbite in normal overjet. The decreased overbite was caused by downward movement of
the mandible that concomitant moved the lower incisors downward. The vertical distance from A
point to B point was not increased as downward movement of the mandible because A point was
also moved downward along with B point. Furthermore, lower anterior facial height was
increased. So, the suitable patients for these vertical changes were hypodivergent or
normodivergent pattern with deepbite and short lower facial height that downward displacment of

the mandible can improve deepbite and profile.

Comparing ELF and facemask effects

In many studies™” ™", the facemask effects led to the forward movement of A
point about 2 mm (ranged from 1-3 mm), downward displacement of the maxilla with
counterclockwise rotation of the palatal plane, downward and backward rotation of the mandible,
increasing in lower anterior facial height, proclination of upper incisors due to mesial dental
movement and retroclination of lower incisor due to pressure by the chincup and soft tissue. From
the retrospective, yet unpublished, data of Class III patients at orthodontic clinic in the Faculty of
Dentistry, Prince of Songkla University and the study of Sung and Baikg, treatment effects with
facemask with or without RPE were measured by the distance and angle changes similarly to this
study method. Comparing facemask and ELF data (Table 9), the premaxilla displaced forward
nearby 2 mm but ELF data showed more downward displacement of the premaxilla than the
facemask. From facemask, upper incisor had less proclination and lower incisor had more
retroclination than ELF technique. Both treatments also had downward movement of the
mandible and increasing lower facial height. But mandibular plane angle was increased in

facemask while no changed in ELF.
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Table 9: Comparing direction and amount of skeletal and dental changes between ELF and

retrospective facemask data

Retrospective data of

Skeletal ELF Sung and Baik’
Facemask
and dental
changes Direction Amount Direction Amount | Direction | Amount
Forward 2.0 mm Forward 2.3 mm Forward 2.1 mm
Maxilla
Downward 1.8 mm Downward 0.4 mm | Downward | 0.9 mm
Upper Forward 4.8 mm Forward 4.1 mm Forward 2.9 mm
incisors Downward 1.9 mm Downward 1.3mm | Downward | 1.3 mm
Palatal plane . Counter- . Counter- .
Clockwise 0.3 0.1 0.4
angle clockwise clockwise
Forward 0.6 mm Forward 1.1 mm Backward 2.0 mm
Mandible
Downward 5.3 mm Downward 1.5mm | Downward | 2.8 mm
Lower Backward 0.4 mm Forward 0.2 mm Backward 1.3 mm
incisors Downward 3.9 mm Downward 1.9mm | Downward | 2.4 mm
Mandibular

Clockwise 0.6 Clockwise 0.9 Clockwise 1.7

plane angle

Lower facial
Increase 4.1 mm Increase 2.9 mm Increase 2.0 mm

height

Interesting point, the maxilla had downward displacement without
counterclockwise rotation in ELF technique but, in facemask, the maxilla showed slightly
downward displacement and rotated counterclockwise which opposed to growth direction and
may lead to worsen upper incisors to upper lip relationship and low smile line. Although the force
direction of facemask was intentional passed center of resistance of the maxilla, rotation of the
maxilla still occurred because the force did not truly pass the center of resistance of the maxilla
that hard to located and vary in each patient. In ELF, there was not orthopedic force that directly
protracted the maxilla but enhance the movement of the premaxilla by dental movement. The
direction of force form short light Class 111 elastics designed in forward and downward direction

as the normal maxillary growth. So, the rotation of the maxilla did not occur in ELF.
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Unless counterclockwise rotation of the maxilla in ELF, the unwanted facemask effects,

decreased upper incisor show to upper lip relationship or low smile line, was prevented.

Table 10: Comparing skeletal and dental changes (mm) contributing to overjet correction

OJ Skeletal Max. Man. Dental Ul LI

correction  change change change change change  change

This study, 2012 52 1.9 2.3 0.4 34 1.7 -0.6
Percentage 100 36.5 44.2 -7.7 63.5 53.8 9.7
Retrospective
3.9 1.7 2.3 0.6 2.2 1.7 0.5
data, 2011 (FM)
Percentage 100 43.6 59.0 -15.4 56.4 43.6 12.8
Jia, 1998” (FM) 6.7 3.5 2.0 -1.5 32 2.2 -1.0
Percentage 100 52.2 29.8 22.4 47.8 32.8 15.0
Gu, 2000" (FM) 6.5 2.6 2.6 -0.3 32 1.3 -1.9
Percentage 100 40.0 40.0 4.6 61.5 25.0 36.5
Lertpitayakun,
. 52 2.0 1.1 -0.9 3.9 2.5 14
2001 (FM)
Percentage 100 38.5 21.2 17.3 60 38.5 21.5
Gu, 2000'" (2x4) 52 0.8 1.3 2.1 6.0 45 15
Percentage 100 -15.4 25.0 -40.4 115.4 86.5 28.9

In distance change, positive means forward movement and negative mean backward movement.
In percentage, positive means improving OJ and negative mean worsening OJ.
Max., Maxilla; Man., Mandible; FM, Facemask; 2x4, 2x4 partial fixed appliance;

%; percentage contribute to overjet correction

In this study, overjet correction was contributed to dental changes (63.5%) more
than skeletal changes (36.5%). The main factors for overjet correction were forward movement of
upper incisors and forward movement of the premaxilla. Comparing ELF to another facemask
studies (Table 10), the forward movements of upper incisors and the maxilla were nearly the same
as ELF, about 2 mm. But the amount of the movements of the mandible and lower incisors in

each study were different. The mandible showed either forward or backward changes and lower
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incisor was retroclined in different degree. These may cause the difference of skeletal and dental
changes between the studies. In the study of Gu et al“, after active treatment by 2x4 appliance
with stainless steel wire in Class III treatment, the average 5.2 mm of overjet correction was
achieved by dental change almost 100%. When comparing ELF with Gu et al’ s 2x4 techniques,
ELF had more skeletal effects by more forward movement of the premaxilla and less forward
movement of the mandible. So, advancing upper incisor with the lighter force compared with the
higher force in common 2x4 technique may prone to more forward movement of the bone and the

skeletal.

Alveolar bone thickness of upper incisors

As principle of maxillary growth and bone remodeling, premaxilla area has
surface orientation by resorption on labial cortex below A- point, deposition on inferior periosteal
surface of nasal spine above A point and deposition on the lingual cortex of premaxilla. These
combinations bring about a growth movement which proceeds in a predominantly downward but
at the same time slightly posterior direction™. So, by normal growth, labial bones of upper
incisors have resorption at crestal and mid-root areas and deposition at apical area while its
palatal bone has deposition.

From results of CT scan in this study, labial, palatal and total bone thickness of
upper incisors had no statistically significant difference although upper incisors had proclination
and forward movement. Eventhough labial alveolar bone at mid-root and crestal areas of upper
incisors has resorption after bone remodeling from premaxilla growth, the labial bones were still
presents and the thickness was unchanged after advancing upper incisors with light force. So, the

light force can move the upper incisors forward and also can preserve the alveolar bone.
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Strengths, limitations and suggestions

Strengths

1. The skeletal and dental changes were measured from horizontal and vertical
reference lines that were adjusted into natural head position. So, the changes in
lateral cephalometric films can be implied to the clinical changes. Moreover,
these reference lines can reduce errors from the changes of reference landmarks
during treatment such as forward movement of N point, change of occlusal plane
and Wits and displacement of Co point.

2. CT scan data of upper incisors can show the quantity of alveolar bone of upper
incisors that cannot be evaluated from lateral cephalometric film which show

2-D of alveolar bone at midline and most anterior area.

Limitations and suggestions

1. Because of ethical reason, growing Class III patients should receive orthodontic
treatment to solve the emergency problems. So, there was no control data to
evaluate the growth from untreated Class III patients. The results from ELF
cannot be compared with the Class III growth and cannot distinct the ELF
effects from the growth. In the next study, the Bjork and Skieller’s technique of
maxillary superimpositionm that used zygomatic process as horizontal reference
can be used to differentiate between skeletal changes and localized upper
incisors bone remodeling during the treatment and evaluate the ELF effects. In
addition, comparing the effects of ELF and facemask by randomized controlled
trial can be useful data for decision on Class III treatments.

2. Evaluation of alveolar bone thickness by using the long axis of upper incisor as
reference may have error. Change of upper incisor inclination may lead to
change of bone measured area between before and after advancing. The

measurement of bone thickness was probably done in different area after
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advancing. Anyhow, this reference is easy to measure and reproducible. These
problems can be corrected by using external reference that can be showed in CT
image and measure the bone along with this reference plane.

The effects of ELF on upper permanent molars were not evaluated in this study
because the position of these teeth was hard to accurately locate. For the next
study, the wire jig that put in molars tubes can be the reference of molars and
can be easily located in lateral cephalographic film. In addition, evaluation of

profile changes from ELF should be useful data for the treatment.

Advantages, limitations and suggestions of ELF technique

Advantages

During leveling phase, upper incisors were leveled with segmented wire. So,
horizontal force on upper incisors was less. Moreover, very small leveling wire
in first visit and slightly increasing the size of leveling wire had still produced
lighter force on upper incisors. To decrease treatment time during leveling
phase, brackets can be bonded in passive position or large leveling wire can be
bended passively in bracket slot.

Short light Class III elastics with advancing loops has benefit on forward and
downward force that can simultaneously move upper incisors forward and

downward as the normal growth.

Limitations and suggestions

Using short light Class III elastics need patient cooperation. If patients did not
use the elastics, the treatment results may different from good cooperative
patients. In this study, timecards that patient marked after use elastics were used.
Moreover, telephone for reminding and let the patient show wearing the elastics

were done to evaluate the cooperation. In this study, patients have good
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cooperation. Anyhow, new design of appliance with none patient cooperation
may probably advantage and lead to more comfort.

Using TMA wire in 2x4 technique has increased risk of broken wire especially
at distal of upper lateral incisor because, after crossing the elastics at hooks in
TMA wire, the wire was deflected and curved down led to bended and fatigue
point. For suggestion, to decrease a chance of broken wire, another wire that has
more strength than TMA but great springiness that produces relatively constant
light force should be used.

From the results, vertical position of upper incisors showed rarely change. Class
III patients always present low smile line and less incisal show at rest. So, more
downward movement of upper incisors can improve these problems. If we
design the wvertical force closer the upper incisors, the more downward
movement of upper incisor may occur. For example, cross elastics at upper
canine areas or distal of upper lateral incisors to lower incisor or maybe use
anterior cross elastics. So, the appropriate elastics position for more downward
movement of upper incisors should be evaluated.

After obtained normal overjet and overbite, posterior teeth were not occluded.
The next treatments need extrusion of the upper and lower molars for proper
posterior occlusion. So, it would be advantage if we develop or modify ELF
technique for simultaneous molars extrusion with anterior crossbite correction,
for examples, change the compomer position to primary molars and use vertical
elastics to extrude first permanent molars during correcting the anterior crossbite
or intrude lower incisors combine with extrude lower molars to decrease the

deepbite before anterior crossbite correction.
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Clinical implication

From the ELF treatment results, forward movement of upper incisors and the
premaxilla and downward movement of the mandible lead to anterior crossbite correction,
improving skeletal Class III and increasing lower anterior facial height. From forward movement
of the maxilla but not mandibular change, there is usefulness for using ELF in Class III patient
with retrognathic maxilla but orthognathic mandible. Moreover, normodivergent or
hypodivergent pattern especially with decreased lower facial height which the mandible can be
moved downward and then improve the profile is the appropriate characteristic for ELF
technique.

Although the facemask can treat Class III malocclusion, patient may feel
discomfort from heavy force and extraoral appliance that may lead to negatively influence the
treatment effects. Using ELF can be an alternative treatment that easier, more comfortable than
facemask. Patients cross only the elastics that trend to high cooperation than facemask. In clinical
application, treatment times in both groups were nearly the same. But after obtained normal
overjet in facemask, crowding of upper incisors were not corrected. But in ELF treatment,
crowding of upper incisors were simultaneously aligned and advanced. Those will safe time for
next treatment. Considering in cost, ELF is less cost than the facemask, about 1,700 baht in ELF

and 6,660 baht in facemask.



CHAPTER 5

CONCLUSION

Easy Light Fixed technique can correct anterior crossbite and improve skeletal
Class III. The maxilla was displaced forward and upper incisors were proclined and positioned
forward. The mandible was moved downward. Lower facial height was increased. Labial, palatal
and total alveolar bone thicknesses of upper incisors were not significantly changed during
advancing upper incisors. These results suggest that ELF can be the safe and effective alternative
treatment for skeletal Class III hypodivergent or normodivergent pattern with anterior crossbite

growing patients.

43
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