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ABSTRACT

Many dentoalveolar surgical techniques have been presented and reported to be
able to accelerate the rate of tooth movement effectively, contributing to decreased overall
orthodontic treatment time. However, risks and complications have been found because of the
invasive surgical procedure and heavy force application. Objectives: The aim of this study was to
propose and evaluate a new surgical approach with minimal trauma, called interseptal bone
reduction, combined with the use of conventional orthodontic fixed appliance to accelerate canine
retraction. Materials and methods: 12 patients with the mean age of 21.92 years were included
in this study. After extraction of the first premolar, the extraction socket on experimental side was
deepened and interseptal bone distal to the maxillary canine was reduced in thickness using
surgical bur without flap operation, while conventional extraction was performed on the control
side. The canines were then distalized as free bodies using elastomeric chains on both labial and
palatal sides with the net force of 150 g. The rate of canine movement was analyzed from the
study models. Results: The rate of canine movement on the experimental side itself was varied,
also was the features of remaining interseptal bone from the post-operative periapical
radiographs. The samples were then allocated into 3 subgroups, those were, criteria-met, criteria-
not-met experimental groups, following the surgical criteria, and the control group. Statistical
analysis demonstrated that the total amount of canine movement in 3 month of criteria-met group
was significantly greater than that of the criteria-not-met and control groups (6.74, 3.19 and 3.86
mm, respectively), while no difference was found between the criteria-not-met and the control
group. Conclusion: This experiment showed that interseptal bone reduction could enhance the
rate of canine movement when the interseptal bone was sufficiently reduced in both thickeness

and depth following the surgical criteria with the use of conventional orthodontic appliance.
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CHAPTER 1

INTRODUCTION

Background and rationale

Orthodontic tooth movement is a process whereby the application of a force
induces bone resorption on the pressure side and bone apposition on the tension side.” *
Classically, the rate of orthodontic tooth movement depends on the magnitude and duration of the
force,l the number and shape of the roots,3 the quality of the bony trabeculae,ét-7 the patient’s
response, and the patient’s compliance. The rate of biologic tooth movement with optimum
mechanical force is approximately 1 to 1.5 mm in 4 to 5 weeks.” Therefore, in maximum
anchorage premolar extraction cases, canine distalization usually takes 6 to 9 months,
contributing to an overall treatment time of 1.5 to 2 years

The longer orthodontic treatment duration takes, the more risks for the patient.
Risks in orthodontic treatment include enamel demineralization, caries, periodontal disease and
root resorption.9 An association between the duration of the applied force and increased root
resorption has been reported.lO It is generally accepted that the best way to minimize root
resorption is to complete the tooth movement in a short time. Root resorption begins 2 to 3 weeks
after the orthodontic force is applied and can continue for the duration of force applic:a‘cion.m12
Moreover, any technique that takes longer than 3 weeks to retract a canine will result in loss of
anchorage.]3 And the duration of orthodontic treatment is one of the things that orthodontic
patients complain about most—especially adult patients.14

Many attempts have been made to shorten orthodontic treatment duration.
Mechanical, chemical and physical manipulations applied to periodontal tissues have been
reported to have an effect on the rate of tooth movement. One of the mechanical manipulations is
dentoalveolar surgery, including distraction of periodontal ligament, dentoalveolar distraction
osteogenesis, periodontally accelerated osteogenic orthodontics, speedy orthodontics, and other
modified surgical techniques. With these techniques, the active orthodontic treatment can be

completed within only one year. However, most of these techniques include flap operation to
1



perform invasive corticotomy or osteotomy, and use of heavy orthodontic force to move teeth
rapidly which may increase the risk of periodontal problems and pulpal vitality loss in long-term
period. Also, custom-made orthodontic appliances used in some techniques are bulky and
unavailable on the market. The less invasive dentoalveolar surgical approach combined with the
use of conventional orthodontic appliance with optimum force to accelerate tooth movement is of

interest to study.

Review of literatures

Many methods of mechanical manipulations to accelerate tooth movement have
been reported, the simplest one is to retract canine immediately after first premolar extraction.
Hasler et al. (1997)15 studied the rate of movement of the maxillary canines into the healed and
recent extraction alveolus of the first premolar in human using Gjessing canine retraction spring.
It was found that the canine on the recent extraction site moved faster than that on the healed site,
but also tipped somewhat more. The reason for faster movement might be less bone resistance on
recent extraction site than the healed site. This study is in agreement with the finding of Yuan X
et al.” (2003) which was performed in mice. However, some studies had been shown to be in
contrast. A histologic study of Murphey17 (1970) performed in monkeys revealed that the
osteoblastic and osteoclastic responses were more pronounced at healed extraction site and the
extent of tooth movement into the healed site was greater. While the studies of Diedrich and
Wehrbein"* (1997) performed in foxhounds had shown that the rate of tooth movement into the
healed site was greater than the recent extraction site, however, they suggested orthodontic
retraction should be initiated into the recent extraction site because of tendencies towards
progressive atrophy of alveolar bone and gingival duplicature formation in the healed site.

A more invasive mechanical manipulation that has been reported to accelerate
tooth movement is corticotomy surgery combined with orthodontics. This technique was first
reported by Kole" in 1959. The vertical corticotomy cuts were performed between the roots of
the teeth beyond apices and connected with a horizontal cut creating blocks of bone in which one
or more teeth were embedded. These cuts were made through the entire thickness of the cortical
layer, just barely penetrating into the medullary bone. Using the crowns of the teeth as handles,

Kole believed that he was able to move the blocks of bone somewhat independently of each other



because they were only connected by the less-dense medullary bone. The active orthodontic
treatment in adult could be completed within 6 to 12 weeks. He found no incidence of root
resorption, no loss of tooth vitality, and no pocket formation.

In 1998, Liou and Huang20 proposed a new approach so called “dental
distraction” which is based on principle of distraction osteogenesis. At the time of first premolar
extraction, the interseptal bone distal to the canine was undermined with a bone bur, grooving
vertically inside the extraction socket along the buccal and lingual sides and extending obliquely
toward the socket base. Then, a custom-made intraoral distraction device was placed to distract
the canine distally into the extraction space and activated 0.5 to 1.0 mm/day immediately after the
extraction. It was found that canines were distracted bodily 6.5 mm into the extraction space
within 3 weeks with minimal anchorage loss (less than 0.5 mm) and root resorption. The main
reasons for rapid canine retraction were bending and fracture, not bone remodeling, of interseptal
bone and carrying it with tooth movement using heavy force. The explanation of minimal
anchorage loss and root resorption was that within 3 weeks of canine retraction, the posterior
teeth were in a lag period, the period of elimination of hyalinized tissues, which tooth movement
was minimal and root resorption was just initiating. No periodontal defect or endodontic lesion
was observed throughout and after distraction. However, it was found that after distraction 17 of
26 canines reacted negatively to the electrical vitality test. They suggested that this technique is
best used on those cases whose anterior teeth are severely crowded or protruded. The canines can
be distracted rapidly, and almost all of the extraction space can be used for anterior dental
alignment or retraction. After distraction, the anterior tooth retraction can be rapid as well, while
the new bone tissues distal to the lateral incisors are still fibrous. However, the authors altered the
technique in their next study.21 Anterior teeth were bonded and a segment of 0.0167x0.022” NiTi
archwire was placed for activation of periodontal ligament of the canine. .After first premolar
extraction, the socket was deepened to the exact length of canine and the interseptal bone distal to
the canine was reduced to 1 to 1.5 mm in thickness with a cylindrical carbide bur. Two vertical
grooves, at mesiobuccal and mesiolingual corners of the interseptal bone, were made extending
obliquely toward the socket base and became a V-shaped groove. Then, the dental distracter was
inserted and activated 0.60 mm/day. They reported the 1 to 1.5 years follow up that 28.5% of

maxillary and 23% mandibular distracted canines reacted negatively to the electrical vitality test.



In 2004, Sayin et al” performed the same technique that Liou and Huang
described to evaluate its effects on dentoalveolar tissues. It was found that the maxillary canines
were distalized an average of 5.76 mm within 3 weeks with 11.47° distal tipping while the
maxillary first molars moved mesially 0.56 mm and extruded 0.64 mm. No significant root
resorption was observed in the canine teeth. However, the attached gingival distal to the canine
showed invagination in some patients. Fractures were observed in the interseptal bone adjacent to
the apex of the canine in some of the periapical radiographs, indicating a considerable resistance
to the applied force. It was considered that this might increase the potential tipping movement and
the extrusive effect of the mechanism by causing the canine center of resistance to move closer to
the apex. They concluded that reducing the entire thickness of the interseptal bone between the
canine and first premolar would be more useful in minimizing the undesired tipping and extrusion
movements of the canine teeth. However, no long-term follow up regarding pulpal vitality and
periodontal status was presented in this study.

Stretching of the periodontal ligament to retract canine rapidly in dental
distraction technique can inevitably cause permanent damage to the periodontal tissue resulting in
resorption of Sharpey’s fibers and reduction of alveolar bone height and thickness. Kisnisci et al.
(2002)” presented a refined osteotomy technique called “dentoalveolar distraction osteogenesis”
to retract canine rapidly which does not rely on stretching and widening of periodontal ligament.
In this technique the dentoalveolus of canine is designed as a bone transport segment for posterior
movement. A horizontal mucosal incision was made parallel to the gingival margin of the canine
and premolar beyond the depth of the vestibule to expose the canine root and the first premolar
region. Vertical corticotomies were performed around the root of canine, then the first premolar
was extracted and the buccal bone was carefully removed through the extraction socket with
preservation of palatal or lingual cortical shelves, followed by splitting the spongy bone around
the canine root off of the lingual or palatal cortex and neighboring teeth. A custom-made intra-
oral distraction device was placed to the first molar and canine at the end of the surgical
procedure and activated at the rate of 0.4 mm twice a day and continued until adequate movement
of the canine was achieved. It was found that canines were distracted distally and made contact
with the second premolars in 8 to 12 days. Root resorption and dental ankylosis were not detected
in any of the patients. No discoloration or radiographic evidence suggestive of loss of tooth

vitality was noted. They reported that vitality testing after the removal of orthodontic fixed



appliances proved to be in normal ranges but no data was presented.

In 2005, Iseri et al." conducted the same technique which Kisnisci et al
described previously to examine the effect of this technique on dentofacial structures. A
significant amount of tipping of the canines was observed (13.15°) at the end of treatment. The
mean sagittal and vertical anchorage losses were 0.19 mm and 0.51 mm, respectively. The
mandibular plane angle and anterior face height were increased slightly (0.67° and 0.99 mm,
respectively). Clinical and radiographic examination showed no evidence of complications, such
as root fracture, root resorption, ankylosis, and soft tissue dehiscence, in any patient. Patients
reported minimal to moderate discomfort, especially during the first 2 days after surgery, and
edema was observed in some patients. They claimed that no reliable reaction to the pulp test was
achieved in the study subjects at the end of the dentoalveolar distraction procedure. No long-term
follow up regarding pulpal vitality and periodontal status were performed.

In 2007, Sukurica et al” replicated the technique of Kisnisci et al. and Iseri et al.
to evaluate long-term effects of the procedure on periodontal status, root resorption and pulpal
vitality of the distracted canines. A statistically significant increase in gingival sulcus depth was
found, particularly in the midbuccal and distobuccal aspects of the canine (0.80 mm and 0.35 mm
increase, respectively). However, they claimed that this change in the gingival sulcus depth can
be considered insignificant clinically. The results of the radiographic examination revealed no
statistically significant difference in the findings regarding root resorption. 13 of the 20 teeth
reacted negatively to the electrical vitality test that was performed 6 months after completion of
the distraction procedure, but there was no clinical sign of discoloration or pulpal pain in any
tooth.

In 2001, Wilcko and Wilcko ™ developed a method called “accelerated
osteogenic orthodontics” or “Wilckodontics” which performed corticotomies on all teeth to be
moved orthodontically. Standard braces, archwires and normal orthodontic force levels were
used. After making sulcular incisions, full-thickness flaps were reflected on both the buccal and
lingual aspects. Vertical corticotomies were made between the roots of the teeth, connected
beyond the apices of the teeth with a scalloped horizontal corticotomies. Numerous corticotomy
perforations were made in the cortical layer to maximize the marrow penetration and bleeding.
The corticotomy cuts and perforations extended just barely into the medullary bone. An

augmentation procedure using resorbable materials was then performed over the partially



decorticated areas and flaps were sutured. Following the surgery, orthodontic adjustments were
made approximately every 2 weeks. From bracketing to debracketing, the patients with severe
crowding were completed in approximately 6 months without extraction. Posttreatment
evaluation revealed no probing depths greater than 3 mm, good preservation of the interdental
papillae, no loss of tooth vitality, no significant reduction in the radiographic height of the crestal
bone, and no radiographic evidence of any significant apical root resorption. At approximately 15
months following surgery in one patient, a full-thickness flap was again reflected. Visual
examination revealed good maintenance of the height of the alveolar crest and an increased
thickness in the buccal bone. The canine and premolars in this area were expanded buccally by
more than 3 mm, and yet there had actually been an increase in the buccolingual thickness of the
overlying buccal bone. The authors claimed that this method was not only safe, but had made it
possible to help maintain and even thicken the layer of pretreatment bone over the prominences of
the roots. Fenestrations could be covered, and consequently the likelihood of dehiscence
formation could be reduced where there was still a vital root surface. Comparison of pretreatment
and posttreatment computed tomographic (CT) scans indicated a demineralization of the alveolar
bone over the root prominences of moved teeth. CT scan analysis at 2 years posttreatment
indicated varying degrees of remineralization of the alveolar bone.

Besides the aforementioned dentoalveolar surgical techniques, many surgical
approaches have been modified and reported to facilitate orthodontic tooth movement. Some
performed corticotomy cuts only on buccal side, while others performed on both buccal and
lingual sides, with or without perforation of cortical bone. No matter which technique was used,
all were reported to be able to increase the rate of tooth movement. In 2005, Germec et al”
reported a severe crowding case treated with modified corticotomy-facilitated orthodontics to
shorten the treatment time during lower incisor retraction. After first premolars extraction,
aligning and leveling with pre-adjusted edgewise appliance, a full-thickness flap was reflected
labially beyond the apices of the lower incisors. The vertical corticotomies were performed in the
cortical bone between the roots of the lower incisors. A chisel was then used for reaching the
lingual cortical bone from labial side. In this modified corticotomy technique, no horizontal and
lingual vertical cuts were performed. Lower contraction arch was immediately activated after the
surgical procedure. It was found that lower incisor retraction could be achieved within 1.5

months. Periodontal examination of lower anterior teeth revealed no marked increase in pocket



depths or gingival recession.

lino et al (2006)27 reported an adult bimaxillary protrusion case performing
corticotomy combined with the placement of titanium miniplates to achieve maximum anchorage.
After the placement of titanium miniplate, the premolars were extracted and then the
corticotomies were performed on both buccal and lingual sides in anterior region. The
corticotomy technique was like Wilcko and Wilcko described except no perforation was made.
The pre-adjusted edgewise appliance was initiated and adjusted every 2 weeks with a
conventional orthodontic force. The active treatment was completed in 1 year. No significant
periodontal problems, such as gingival recession or loss of tooth vitality, and no looseness or
deformation of the titanium miniplates were observed. Panoramic radiographs before and after
treatment showed no significant reduction in the crest bone height and no marked apical root
resorption.

Chung et al (2009)™ developed the new types of corticotomy-assisted
orthodontic treatment called speedy orthodontics for treating anterior protrusion patients. This
technique combines corticotomy and orthopedic force application with the use of skeletal
anchorage. In the maxilla, a mucoperiosteal incision was made along the palatal mucosa, and the
bone was exposed, avoiding the incisal nerve and the artery. A vertical and horizontal bone cut
was made at the first premolar sites, and the cortical bone was removed. Two weeks later, to
allow reconnection of the palatal soft-tissue blood supply, a buccal corticotomy was executed in
the same manner as was done on the palate. After the surgery, the maxillary anterior teeth are
fixated into a single unit with the specially designed lingual retractor. A retraction force of 500 to
900 g per side is applied to the lingual retractor and the C-plate. In this cases report, the maxillary

anterior retraction was completed in 5 months and the overall treatment took about one year.

How can these techniques accelerate tooth movement?

The concept of the rapid tooth movement facilitated with dentoalveolar surgery
has been explained in many ways. Liou and Huang stated that the canine could be distracted
rapidly in their study because the first premolar extraction socket was less resistant and not
refilled by solid bone tissue yet which would occur in 3 weeks. Also, in their technique the
interseptal bone distal to the canine, which was undermined surgically to weaken its strength, was

bent and fractured by heavy force generated by the distraction device. They cited the studies of



Baumrind” and Grimm’* which observed that flexion of the alveolar bone results in recruitment
of osteoclasts and osteoblasts on the tension and pressure sides.

Kisnisci et al. described that their dentoalveolar distraction technique could
accelerate canine retraction by moving dentoalveolar bone block as a unit distally which based on
a principle of distraction osteogenesis. Moreover, neither the buccal bone through the extraction
site nor the palatal cortical plate interfered with the movement of the canine-dentoalveolus
segment during the distraction procedure because of the surgical procedure and the distal
movement vector of the canine along the guidance burs of the dentoalveolar distractor through the
extraction cavity.

On the other hand, Wilcko and Wilcko believed that the concept on rapid tooth
movement after corticotomy was supported by the “regional acceleratory phenomenon (RAP)”.
Orthopedist Harold Frost" recognized that surgical wounding of osseous hard tissue results in
striking reorganizing activity adjacent to the site of injury in osseous and/or soft tissue surgery.
He collectively termed this cascade of physiologic healing events the regional acceleratory
phenomenon (RAP). RAP healing is a complex physiologic process with dominating features
involving accelerated bone turnover and decreases in regional bone densities. Trauma to cortical
bone, osteotomy, bone grafting, or even flap operation have been shown to be a potentiating
factor in producing a localized osteoporosis. For alveolar bone, this transient osteoporosis would
facilitate more rapid tooth movement. Osteoporosis provides a favorable environment for
increasing the rate of tooth movement without increasing the risk of root resorption in rats.”
Moreover, it has been demonstrated that the residual soft tissue matrix has the ability to induce
remineralization after the cessation of tooth movement.” All of these suggest that the dynamics of
the physiologic tooth movement after corticotomy might be more appropriately described as a
demineralization/remineralization  process, rather than bony block movement or
resorption/apposition. This perspective is substantiated by the fact that there is a growth protein
component in the soft tissue matrix of bone.”* Following cessation of the active tooth movement,
this growth protein component may assist in stimulating an increase in osteoblastic activity,
resulting in remineralization of the soft tissue matrix. Yaffe et al” suggested that RAP in humans
begins within a few days of surgery, typically peaks at 1 to 2 months, and may take from 6 to
more than 24 months to subside. Although tooth extraction seems to be a kind of trauma to the

alveolar bone, Cho et al.”® found that tooth extraction site with corticotomy showed higher



cellular activity than extraction site without corticotomy. In the periodontal tissue with
corticotomy, an increasing number of osteoclasts, osteoblasts, fibroblasts, cementoblasts with
developed organelles were noted. The rate of tooth movement with corticotomy was 4 times
greater than without corticotomy. However, 6 months after corticotomy, these cells were severely

decreased in number and cellular activity.

Objective

The aims of this study were to propose and to evaluate a new approach which

combines interseptal bone reduction distal to the canine and the use of conventional orthodontic

appliance with optimum force to increase the rate of maxillary canine retraction.

Hypothesis

The interseptal bone reduction combined with the use conventional orthodontic

appliance with optimum force can increase the rate of maxillary canine retraction.

Significance of the study

This new approach will be able to accelerate maxillary canine retraction in
which the surgical technique is not much more invasive than routine orthodontic extraction and

the orthodontic appliances used are available.

The limitations of the study

This study was performed under the limitation of time, thus the long-term effect
from this technique, such as pulpal vitality, periodontal condition, or root resorption could not be

investigated.



CHAPTER 2

RESEARCH METHODOLOGY

Sample

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 I or II malocclusion with mild or no crowding which the maxillary first
premolars on both sides had been planned to be extracted in orthodontic treatment.
2. Canines were needed to be moved distally at least 5 mm (maximum anchorage).
3. Good general health.
4. No sign and symptom of periodontal disease.
Each patient was informed about the experimental procedure and the consent

form was signed for participating in this study.

Materials and methods

Pre-adjusted edgewise appliances (Roth prescription) with 0.018”-slot in anterior
teeth and 0.022-slot in posterior teeth were used for full arch. The teeth were aligned and leveled
until complete on 0.016”x0.022” stainless steel archwire. Mini-implants were placed between the
roots of second premolars and first molars on both left and right sides before surgical procedure
about one month to observe their stability. They were used as anchorage during canine retraction
to minimize the risk of anchorage loss.

This study was a split-mouth design which the experimental side was allocated
by randomization. Upper impression, lateral cephalograph, and periapical radiographs of canines
and first premolars on both sides were taken for pre-operation records (T0). Before the surgical
procedure, interseptal bone thickness and root length of the canine were assessed by means of the

periapical radiograph and the surgical guide wire. The surgical guide wire was fabricated from a
10
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section of 0.0217x0.025” stainless steel wire which would be inserted to the bracket of maxillary
canines on experimental side before film exposure. Also, the surgical guide wire was positioned
at the contact point and paralleled to the distal aspect of the canine root to direct the bur while
grinding (Fig. 1). Traditional extraction of the first premolar was performed on one side as a
control, while extraction combined with interseptal bone reduction was performed on another as

an experimental side.

Fig. 1 Position of the surgical guide wire intraorally.

Surgical procedure
The surgical procedure was performed inside the extraction socket of the
maxillary first premolar without flap operation by 2 surgeons, following these steps:
1. The length of maxillary canine and the thickness of interseptal bone were estimated
based on the ratio of the exact length and the radiographic length of surgical guide
wire on the periapical radiograph (Fig. 2).

2. The maxillary first premolars were extracted under local anesthesia.
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Fig. 2 Surgical guide wire in periapical radiograph.

3. The extraction socket was deepened to the length of the canine apex and interseptal
bone distal to the canine was reduced to 1 to 1.5 mm in thickness with round and
cylindrical carbide burs. The interradicular septal bone of the socket was also
removed if presented. The first premolar extraction socket was surgically widened in
buccopalatal dimension along the curvature of the canine’s root. The bur was held
parallel to the surgical guide wire and moved buccopalatally while the alveolar crest
of interseptal bone was left untreated (Fig. 3). Periapical radiograph was taken again

after the surgical procedure for the post-operation records.

T e——

Fig. 3 Interseptal bone reduction technique. Dashed lines indicate interseptal bone that was

reduced.

After the surgical procedure, canine distalization was started immediately on

both sides. To eliminate the friction between the archwire and the canine bracket, which might be
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a confounding factor to our surgical intervention, the canine was distalized as a free body without
archwire (Fig. 4). Maxillary teeth were divided into three segments, which were incisors segment,
right and left posterior segments. Sectional 0.0167x0.022” stainless steel wires were engaged in
these segments separately. Power arm was fabricated from 0.0217x0025” stainless steel wire with
the height of hook approximate to mini-implant’s vertical position to produce force vector parallel
to the occlusal plane, and also aimed to decrease tipping tendency. The power arm was then
inserted in canine bracket, and elastomeric chain attached to mini-implant was used to retract
canine. To avoid rotation of the canine, a counteractive force was applied on the palatal side by
attaching elastomeric chain between the buttons of canine and first molar. Both labial and palatal
chains were approximately equal in force magnitude producing a net force of 150 g on the canine.

The patients were followed up within 1 week after the surgery to monitor
whether there was any sign or symptom of infection. Elastomeric chains were reactivated every 4

weeks. The experimental period was 3 months.

Fig. 4 Mechanics used for canine distalization.

Records and data analysis

Parameters measured in this study included the rate of canine movement, the
amount of canine rotation and angulation which were analyzed from lateral cephalograms and

study models.



14

Radiographic analysis

The periapical radiographs were taken every 4 weeks to observe the changes in
periodontal space and extraction socket. The lateral cephalographs were taken together with
angulation indicating wires before extraction of the first premolars (T0) and once again after
canine retraction for 3 months (T3) to evaluate the change in canine angulation (Fig. 5). The
angulation indicating wire was fabricated from a section of 0.0217x0.025” stainless steel wire
attached to the maxillary canine bracket before film exposure. Then, the radiographs were traced
and the angular parameters were measured by one investigator. The reference line and the
variables used for measurement as follow:

-PP : Palatal plane

- 13/PP : The angle between the wire on 13 and PP

- 23/PP : The angle between the wire on 23 and PP

Fig. 5 Angulation indicating wires on the canine brackets.

Model analysis

The upper arch impressions were taken every 4 weeks from the beginning of
canine retraction and made into study models. These models were marked at right and left medial
end of the second and third palatal rugae which have been determined to be relatively stable
landmarks as reference points37 by using a 0.5-mm graphite pencil. The mesial and distal contact

points of the canine were also specified. The models were then scanned into a computer via the
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scanner (HP scanjet 5530). Pink wax was put on the incisal edges and occlusal surfaces as tripod
during scanning to eliminate the instability of the models affected from changes of teeth position
during canine retraction. Millimeter ruler was scanned together with the models to assess
magnification. The series of scanned images of the models were transferred and superimposed on
marked reference points by the use of Adobe Photoshop CS3 software. Distance between mesial
and distal contact points of the canine were averaged and plotted representing canine position of
each month (Fig. 6). The image with identified canine positions was then printed out from laser
printer (HP laserjet 1015), and the distance of canine movement was measured using a digital

vernier calipers (Mitutoyo absulute IP67) which was accurate to 0.01 mm.

Fig. 6 Measurement of canine movement. White dots are the reference points for model

superimposition, whereas red dots represent the canine positions in each month.

Rotation of the canine before (T0) and after retraction (T3) were also measured
on the scanned image by the same superimposition technique. The line was drawn connecting
mesial and distal contact points of the canine at TO and T3 (Fig. 7). The change in canine rotation

was measured using the protractor which was accurate to 0.5 degree by one investigator.
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Fig. 7 Measurement of canine rotation.

Statistical analysis

Linear and angular measurements of all samples were repeated twice and
averaged. Paired t-test and Dahlberg’s formula were used to determine the intraobserver
reliability. All variables were presented by the median. Wilcoxon signed rank test was used to
compare the distance and the rate of canine movement between experimental and control sides,
while Kruskal-Wallis and Mann-Whitney U test were used to compare among subgroups using

SPSS (version 14) software. The values of P < .05 were evaluated as statistically significant.



CHAPTER 3

RESULTS

At the beginning there were 15 subjects participated in this study. Because of the
modification of mechanics used, the first 3 cases were excluded. The samples in this study
eventually included 11 females and 1 male. Their mean age at the start of the treatment was 21.92
© 476 years, range from 16-31 years. On one week follow-up visit after the surgical procedure, 3
of 12 patients complained more discomfort and pain on the experimental side, while the rest

reported no difference between both sides.

Clinical observations

In the pilot study cases, the maxillary canines were distalized along the
0.016x0.022” stainless steel continuous archwire with the use of NiTi closed coil springs. The
problem about the rate of canine movement was noticed. The canines on both control and
experimental sides moved slower than normal orthodontic tooth movement rate ever reported,
i.e., less than 1 mm per month. Decrease in the overjet was also observed even though the
maxillary incisors were not retracted yet. The possible reason might be the friction between the
archwire and the canine bracket that bound the canine with the incisors contributing to
unexpected en-masse retraction. Hence the method of canine retraction was changed, as
mentioned earlier, to eliminate the friction which would affect the result of our surgical
intervention. Three cases whose canines were distalized with the sliding mechanics were then
excluded.

In the clinical observation, 4 of 12 cases were considered clinically significant.
In one case the experimental canine contacted the second premolar in only 2 months and another
3 cases the experimental canines made contact in 3 months, whereas the canines on the control
side were still in the middle of extraction space (Fig. 8). Neither periodontal problem nor

discoloration of the experimental canine was evident in any case.

17
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Fig. 8 One of four cases which clinically significant difference was observed. The canine

retraction on experimental side was completed in three months.

Magnification and measurement error analysis

The magnification of the scanned model images was -0.70%. All measurements
were repeated 2 weeks apart and calculated to determine the intraobserver reliability. Dahlberg’s
error was 0.07 mm, ranging from 0 to 0.19 mm for the distance measurement, and 0.3, ranging
from 0 to 1.0 for the angular measurement. Paired t-test showed no significant difference

between two series of measurements.

Periapical radiographic analysis

Regarding the post-operative periapical radiographs, the feature of remaining
interseptal bone at surgical site in each patient was different. In some cases the bone was reduced
enough in both thickness and depth, while others the bone was sufficiently reduced only either in
thickness or depth, or even neither following the surgical procedure’s criteria (Fig. 9). Maxillary
sinus pneumatization extending through the root apex of the first premolar was found in two
cases. This was an anatomical limit in bone reduction. Although this feature from periapical
radiograph probably was a superimposition of these two structures, it might be safe not to reduce

the bone to this depth. Moreover, there were two surgeons performing the surgery, their
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techniques and surgical burs used were different. However, all subjects were still included in this

study to imitate the real clinical situation.

Fig. 9 Post-operative periapical radiographs indicate bone thickness and socket depth after the
procedure. Left radiograph shows that the surgical criteria were met, while the right one

was not because of maxillary sinus pneumatization (arrow).

During canine retraction the lamina dura on the distal side of the canines could
not be traced on both control and experimental sides. On the mesial side, particularly on the
cervical half of the root, widening of the periodontal ligament and the striated bone extending
from the mesial lamina dura was evident (Fig. 10). This characteristic implied that the canine was
moved as controlled tipping. The faster the canine was moved, the wider the periodontal space
was noted. These findings were observed throughout 3-month experimental period. In the
subjects with clinical significance, bending of interseptal bone distal to the canine into the
extraction socket was observed (Fig. 11). The radiopacity of the first premolar extraction sockets
increased progressively in each month on both sides. In the third month the radiopacity of the

socket content was almost identical to that of the surrounding alveolar process.
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Fig. 10 Periapical radiograph in the third month of canine retraction.

Fig. 11 Periapical radiographs indicate bending of interseptal bone distal to the canine.

Model analysis

The accumulative distance and the rate of canine movement

Medians of the accumulative distance and the rate of canine movement in each
month measured from the models were shown in Fig. 12 and 13. It demonstrated that the
accumulative distance of canine movement on the experimental side were greater than that on the
control side throughout the experimental period, however, the significant difference was found
only in 1 and 2 months. When the rate of canine movement was regarded monthly, it was

significantly higher in the experimental side than the control side only in the first month.
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Accumulative distance of canine movement

8

(=]

1
0 x x
TO T1 T2 T3
Control side 0.00 0.97 2.17 3.86
Experimental side 0.00 1.32 3.25 5.17

Fig. 12 The accumulative distance of canine movement (mm) on the experimental side compared

with the control side. (* P < .05)

Rate of canine movement
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T1-T2 T2-T3

m Control side 0.97 1.32 141
M Experimental side 1.32 1.79 1.60

Fig. 13 The rate of canine movement (mm) in each month on the experimental side compared

with the control side. (* P <.05)
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The total amount of canine movement in 3-month period in each subject was
quite varied, ranging from 2.21 to 4.84 mm on the control side, and 2.51 to 7.45 mm on the

experimental side (Fig. 14).

Total amount of canine movement
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Fig. 14 Total amount of canine movement on the control and experimental sides in each subject.

Because of the wide range in the rate of tooth movement and the difference of
remaining bone among samples in the experimental group itself as aforementioned, they were
then allocated into two subgroups depending on whether the remaining interseptal bone met the
surgical criteria or not, determined from post-operative periapical radiographs. Six of 12 samples
were defined as criteria-met, i.e., the interseptal bone was surgically reduced to 1.0 to 1.5 mm in
thickness and deepened to the canine apex in depth. The other 6 samples were defined as criteria-
not-met, i.e., the bone was sufficiently reduced only either thickness or depth, or even neither
according to the surgical criteria.

When these 2 experimental subgroups were analyzed to investigate the
correlation, the point-biserial correlation analysis demonstrated that the total amount of canine
movement on the experimental side was strongly correlate to the feature of remaining interseptal
bone (criteria-met and criteria-not-met). On the other hand, when the surgical site (left or right)

and the surgeons (S.P. and N.L.) were considered, no correlation was found (Table 1).
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Table 1 Correlation between total amount of canine movement and other factors

Total amount of canine movement

R value P value
Remaining interseptal bone .926 otk
Surgeon -.367 NS
Surgical site -.001 NS

*#% P <.001; NS, no significant

Regarding the remaining interseptal bone in each subject, they eventually could
be categorized into three subgroups, those were, the control group, the criteria-met experimental
group, and the criteria-not-met experimental group. The difference in the rate of tooth movement
between the criteria-met experimental and criteria-not-met experimental groups probably was
affected by individual response to orthodontic loading. However, no significant difference was
found in the rate of canine movement between the criteria-met control and the criteria-not-met
control groups. This could imply that there was no difference among subjects of this study in the
sense of individual response. The accumulative distance and the rate of canine movement of the
control, criteria-met experimental, and criteria-not-met experimental groups were then analyzed
and shown in Fig. 15 and 16, respectively. The Kruskal-Wallis Test demonstrated that the
significant differences among these three subgroups were found in accumulative distance of
canine movement throughout the experimental period. Also, the rate of canine movement was
significantly different in the first and second month.

Mann-Whitney U Test was then used following the Kruskal-Wallis Test to
compare the difference between each paired subgroups in case of significance. It was found that
the accumulative distance of canine movement in the criteria-met experimental group was
significantly greater than that in the control and the criteria-not-met experimental groups.
Whereas the accumulative distance of canine movement between the control and criteria-not-met
experimental groups was not different. These findings were also the same in the rate of canine

movement in the first and second month.
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Accumulative distance of canine movement

L9 B = ) e e~

° T0 Tl* TZ* T3 *
Control side 0.00 0.97 2 217°€ 3.86°
Criteria-not-met 0.00 0.81° 1.474 3.19f
Criteria-met 0.00 1542 b 5.16 ¢ d 6.748f

Fig. 15 The accumulative distance of canine movement (mm) in the control, criteria-met
experimental, and criteria-not-met experimental groups.

* P <.05 with Kruskal-Wallis Test; a, b, ¢, d, e, f, P <.05 with Mann-Whitney U Test

Rate of canine movement
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Fig. 16 The rate of canine movement (mm) in the control, criteria-met experimental, and criteria-

not-met experimental groups.
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Determining the rate of canine movement in each month within subgroup itself,
the rate in the control and criteria-not-met experimental groups gradually increased monthly but
no significant difference was found (Fig. 15). While in the criteria-met experimental group, the
rate of canine movement increased in the second month and then decreased in the third month.
However, the statistical analysis showed no different either.

When the accumulative distances and the rates of canine movement on the
experimental sides were considered according to the surgical operators, there was no significant
difference between them. Also, no statistically significant difference was found regarding the

right or left side of the surgical procedure.

The canine rotation

Even though the elastomeric chains were used on both labial and palatal aspects
of the canine with equal force magnitude during retraction, the mesiolabial rotation was still
observed. Rotational changes of the canine on the experimental and control sides were shown in
Table 2. The statistical analysis demonstrated that the canine on the criteria-met experimental
group was more rotated significantly than that on the control. However, when the rotation was
calculated in each millimeter of movement, there was no significant difference between these two

groups.

Table 2 The amount of total rotation and rotation per millimeter movement of the canine (degree)

on the criteria-met experimental group compared with the control group

Control Criteria-met Exp Wilcoxon signed-rank
Total rotation 14.00 23.50 *
Rotation per mm 426 4.18 NS

* P <.05; NS, no significant
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Lateral cephalometric analysis

The canine angulation change

Although the power arm was fabricated approximate to the height of the mini-
implant, the line of force application remained incisally to the center of resistance of the canine,
resulting in tipping tendency. It was found that the criteria-met experimental canine tipped
distally more than the control, however, the statistical analysis showed no significant difference

between them (Table 3).

Table 3 The amount of total tipping and tipping per millimeter movement of the canine (degree)

on the criteria-met experimental group compared with the control group

Control Criteria-met Exp Wilcoxon signed-rank
Total tipping 4.50 7.50 NS
Tipping per mm 1.06 2.75 NS

NS, no significant



CHAPTER 4

DISCUSSION

Many dentoalveolar surgical techniques have been reported to accelerate the rate
of tooth movement and reduce overall orthodontic treatment time.” ~ With these techniques, the
active orthodontic treatment can be completed within only one year. The mechanism of rapid
tooth movement facilitated with dentoalveolar surgery has been explained in many different ways
including bending of interseptal bone and less bone resistance (distraction of periodontal
ligament),m22 dentoalveolar block movement (dentoalveolar distraction osteogenesis),z}24 and
regional acceleratory phenomenon (RAP) after bone injury (periodontally accelerated osteogenic
orthodontics)25 which can increase bone turnover rate.

In this study we would like to propose a new approach to accelerate the rate of
maxillary canine movement. We performed the less invasive surgical procedure without flap
operation which was not much more invasive and complicated than simple extraction for
orthodontic treatment. We also used conventional orthodontic appliance instead of the custom-
made distraction device, as in other studies, to simplify clinical practice. Elastomeric chain was
used with optimal force application to move teeth within biologic limit.

Our surgical intervention resembles distraction of periodontal ligament presented
by Liou and Huang,20 except no buccal and lingual vertical grooving of interseptal bone was
performed. The vertical groove was conducted in periodontal ligament distraction technique to
weaken the interseptal bone, contributing to fracture of the bone that would be moved along with
the canine during distraction with the use of distractor. In our study, what we expected from the
surgical procedure was to reduce the bone resistance and promote alveolar bone bending during
canine retraction, not to break the interseptal bone. Also, we expected that RAP would be
initiated from the alveolar surgery which would produce transient osteoporosis. With these
mechanisms we thought the experimental canine should be moved faster than the control one.

When RAP was anticipated following the alveolar surgery, we then use the mini-
implants as an anchorage during canine retraction to minimize the risk of anchorage loss. In this

study 24 mini-implants were placed between the roots of maxillary second premolars and first

27
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molars in 12 subjects. The mini-implants were observed 1 month to ensure their stability before
orthodontic loading. Three mini-implants in 2 patients failed after placement without loading
within 1 month although post-placement periapical radiographs demonstrated no root contact and
no sign of infection was noted. This probably was a result of trauma-induced changes in the bone
that occurred during insertion.”” However, the failed mini-implants were replaced 2 months later
in the same position and these 2 subjects were still included in the study. All mini-implants,
including the replaced ones, were stable throughout the experimental period.

Before the surgical procedure, we used the surgical guide wire engaged in the
canine bracket with periapical radiograph as an indicator for how much the interseptal bone
would be removed. No other more accurate tool, such as surgical stent or computed tomogram,
was used because we proposed this technique based on practical approaching in routine
orthodontic treatment. Thus, the technique sensitivity might be one of limitations which depended
on skill of the surgeon.

Our result demonstrated that the rate of tooth movement on the control side (3.86
mm in 3 months) was similar to biologic tooth movement rate with optimum force ever reported,
which is approximately 1 to 1.5 mm in 4 to 5 weeks,8 while the canine in the experimental side
was moved distally 5.17 mm in 3 months. Despite the greater rate of canine retraction on the
experimental side, the total distances of canine movement in 3 month were not significantly
different between these two groups. We did not expect such rapid canine movement rate as in the
distraction periodontal ligament, or dentoalveolar distraction osteogenesis technique, which are
0.5 to 1.0 mm per day. Nevertheless, the average total result of all subjects was inferior to what
we initially expected.

In the clinical observation, the rate of canine retraction in 4 of 12 cases was
obviously greater in the experimental side than control side. When the post-operative periapical
radiographs were considered, it was found that the characteristics of remaining interseptal bone at
surgical site of each patient were different according to the surgical criteria. Some were
sufficiently reduced in both thickness and depth, while others reached only either thickness or
depth, or even neither. One of the obvious obstacles in the surgical procedure was the maxillary
sinus pneumatization which was an anatomical limitation of bone reduction in depth. This
situation was found in 2 cases. Therefore, we categorized the experimental subjects into 2 groups,

those were criteria-met and criteria-not-met groups.
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In the criteria-met experimental group, the accumulative distance of canine
movement in 3 months was significantly greater than that of the criteria-not-met group (6.74 mm
and 3.19 mm, respectively). From these findings, we could imply that RAP was probably not
produced by this kind of surgery. If RAP was initiated by any kind of dentoalveolar surgery, it
could be expected that the rate of tooth movement in both criteria-met and criteria-not-met
experimental groups should not be different because the bone was injured in both groups no
matter how much it was. Also the rate of canine retraction in the criteria-not-met experimental
group should be greater than that of the non-surgical control group. However, the statistical
analysis demonstrated that there was no significant difference between the rate of canine
retraction in the criteria-not-met experimental group and the control group. Moreover, RAP is
believed to peak at 1 to 2 months and last about 6 months,35 thus the rate of canine movement on
the experimental side should be greater than physiologic tooth movement throughout the 3-month
experimental period. From the study of Lee et al. ¥ and Wang et al.”’ which compared the
alveolar bone response following corticotomy and osteotomy using microCTs and histologic
analysis, it was found that alveolar bone responded differently to the type of bony cut used. The
corticotomy produced transient bone resorption around dental roots, i.e., RAP, while this
phenomenon was not observed in osteotomy. Furthermore, in many histologic studies of the
distraction of periodontal ligament technique performed in animals, RAP had not been mentioned
at all. However, the more extensive studies are needed to investigate this assumption.

Although the interseptal bone was reduced sufficiently in both thickness and
depth in 6 subjects defined as criteria-met, the rate of canine movement in only 4 subjects of this
subgroup were considered as clinically significant, i.e., the canine were moved to contact the
second premolar within 2 to 3 months. It could imply that there probably were the other factors
affecting canine retraction in another 2 subjects besides the mesiodistal thickness of the
interseptal bone. When the root anatomy is regarded, it is known that the root of canine in
buccolingual dimension is greater than that of the first premolar. Hence, the first premolar
extraction socket should be surgically widened to the width of the canine’s root in buccolingual
dimension. Unfortunately, this could not be considered from the periapical radiograph.
Furthermore, the rate of canine retraction might be limited due to the resistance from the cortical
bone. If the labiolingual width of the canine root is greater than that of alveolar ridge between the

canine and the first premolar, the canine can be distalized only when the cortical plate is resorbed.
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From all of above reasons, it could imply that our surgical technique is quite sensitive, similar to
those reported by the distraction of periodontal ligament technique.‘”’42

Like the periodontal ligament distraction technique, the possible explanation for
the increased rate of canine movement of our intervention, in the case which the interseptal bone
was surgically reduced enough, might be less bone resistance and alveolar bone bending. In this
study, if the rate of canine retraction was considered in each month, it was found that the rate in
criteria-met experimental group was significantly greater than in the control group only in the
first (1.54 mm and 0.97 mm, respectively) and second month (2.67 mm and 1.32 mm,
respectively). No significant difference was observed in the third month. It can be explained that
in the early period after the surgical procedure, the remaining interseptal bone on the pressure side
was being resorbed. If the interseptal bone was surgically reduced enough, the whole bone might
be completely resorbed within one month. Then the canine was retracted into the extraction
socket which was not refilled by solid bone yet,43 while in the control and criteria-not-met
experimental group the interseptal bone was still being resorbed. In the study of Ren ez al. * which
undermined the interseptal bone, as in the distraction of periodontal ligament technique, together
with the use of 150-g NiTi coil spring to accelerate the rate of tooth movement in dog, the
histoligic results showed that during the third and fourth weeks the undermined interseptal bone
became discrete because of bone resorption, and the periodontium joined with the extraction
socket. In our human study the mechanism of rapid tooth movement in the criteria-met
experimental group might be similar. Moreover, the bending of alveolar bone might be one of the
mechanisms which accelerated canine retraction in our study. Picton” demonstrated that the
bending of the alveolar bone could constitute as much as 25% of the initial tooth movement.

In the third month no significant difference was found, this might be because the
remaining first premolar extraction space in the criteria-met experimental group was only 2 to 3
mm until the canine would contact the second premolar (the average accumulative distance in 2
month was 5.16 mm). No matter how fast the canine could be moved, the rate would be limited
under the remaining space. Hence, the rate of canine movement of the criteria-met experimental
group in the third month might not indicate the real rate.

Our study has shown that if the interseptal bone was sufficiently reduced in both
thickness and depth according to the surgical criteria, the canine movement can be significantly

accelerated. However, the canine in this study was distalized as a free body which was frictionless
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mechanics. Also, the line of force application was positioned insically to the center of resistance,
contributing to tipping tendency. It can be argued that the frictionless mechanics and tipping
movement has a higher rate than the friction mechanics and bodily movement. When the rates of
maxillary canine movement in other human clinical studies performing the frictionless mechanics

are compared, our results still show a higher rate (Table 4).

Table 4 Human clinical studies on the rate of maxillary canine retraction with frictionless

mechanics
Author Rate (mm/month) Measurement
Boester & Johnston™ 0.98 Oblique radiograph
Ziegler & Ingervall47 1.91 Clinical
Dincer & Iscan® 0.85 Lateral radiograph
Daskalogianakis & McLachlan” 0.63 Model
Darendeliler et al.” 1.43 Lateral radiograph
Hasler et al.” 0.91 Model
Hayashi et al” 1.95 Model
Martins et al.” 1.60 Oblique radiograph
This study - Control 1.29 Model
- Criteria-met exp 2.58

In this study it was found that the tipping of the experimental canine was greater
than that of the control one although no significant difference was noted (7.50 and 4.50 ,
respectively). This could be explained that the increased tipping on the experimental side might
be the effect of the increased movement. On the other hand, if the interseptal bone was reduced in
only thickness while the bone around the canine apex remained intact, the center of resistance of
the canine might be located further apically resulting in the increased tipping of the experimental
canine.” However, another important factor to be regarded is that the line of force application and
center of resistance of tooth in each case were different. The height of the power arm was
determined by the vertical position of mini-implant, and the center of resistance of the canine

depends on many factors.
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Mesiolabial rotation of the canine was still observed on both experimental and
control sides although the counteractive force with equal magnitude was applied on the palatal
aspect, This might be because the moments of force produced on the labial and palatal sides were
not identical due to the different distances. The force on the labial aspect of the canine was
applied on the power arm, which was further from the center of resistance of the canine than that
applied on the lingual button bonded to the cingulum. Moreover, the inclination of the canine
might influence on the moment in transverse plane. The more labially inclined of the canine, the
more moment is produced. Nevertheless, the rotation per millimeter movement of the canine

between the experimental and control sides were not significantly different.

Table 5 Human clinical studies on tipping and rotation of maxillary canine retraction with

frictionless mechanics

Author Rate (mm/month) Tipping / mm Rotation / mm
Ziegler& Ingervall”’ 1.79 0.77" 507
Darendeliler et al.” 1.43 1.75~ 7.08”
Hayashi et al.” 1.95 2.00 5.58"
This study - Control 1.29 1.06 426

- Experiment 2.58 2.75 4.18

Clinical implication

With our technique, the maxillary canine can be distalized faster than
conventional canine movement when the interseptal bone is surgically reduced sufficiently
according to the criteria. However, this approach is sensitive as mentioned earlier. Case selection
should be conducted appropriately regarding the surrounding anatomical limitations, such as
maxillary sinus pneumatization or narrowed alveolar ridge. Also, the case with any systemic
condition which is prone to the risk of surgery is not a proper candidate. Mechanical trauma to the
root of tooth during the surgical procedure must be cautious.

The biomechanics of orthodontic treatment to contract anterior teeth should be

two-step retraction rather than en-masse retraction. If en-masse anterior teeth retraction is
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performed, more accurate tool is needed before and during the surgical procedure for the most
identical result on both sides, or else the midline deviation may occur during contraction. In
addition, the rate of en masse retraction may not be enhanced by this technique, because the
palatal cortical bone is a main resistance of anterior teeth retraction. Canine distalization can be
performed with either sliding or frictionless mechanics. Nevertheless, the friction issue should be
regarded if the sliding mechanics will be used.

Mini-implants might not be needed in this technique because the RAP initiation
was still suspected. However, the anchorage preparation is necessary in those cases that need
maximum anchorage, that is, bimaxilary dentoalveolar protrusion.

Despite the increased rate of canine movement, it must be kept in mind that the
long term effects of this technique on pulpal vitality, root resorption, and periodontal tissue have

not been investigated in this study yet because of time limit.



CHAPTER 5

CONCLUSION

Interseptal bone reduction combined with the use of conventional orthodontic
appliance with optimum force can accelerate maxillary canine retraction effectively when the
bone is sufficiently reduced in both thickness and depth following the surgical criteria.
Anatomical structures, such as maxillary sinus or narrowed alveolar ridge, may be limiting factors

in the surgical procedure and tooth movement. Thus case selection must be done appropriately.
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