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movementin a cat model.

cannottolerate long treatment duration.

In a search for increased efficiency in the field of orthodontics, selective injury to the cortical
plate of the alveolar bone was suggested as a means to modify the balance between bone
resorption and apposition, in a process known as corticision. It was the aim of the study to
investigate the remodeling activity of the alveolar bone and its effect on the rate of tooth

This study aims to show that corticision with and without periodic mobilization can significantly
increase the speed of orthodontic treatment. This can be a viable option for adult patients who

INTRODUCTION

Over the years, an increasing number of adult patients are
seeking orthodontic treatment, with specific objectives and
concerns related to facial and dental aesthetics, the type of
orthodontic appliance and the duration of treatment. Often times
they are discouraged to undergo orthodontic treatment which last
for an approximate duration of 24 months. This leads to various
investigations to accelerate orthodontic treatment in order to meet
the various demands.

Orthodontic tooth movement is a result of biological changes
in the periodontal ligament and alveolar bone as a response to
mechanically applied stimulus. The amount of tooth movement is
determined by the density and turnover rate of the alveolar bone.

Surgical procedures used to facilitate orthodontic treatment
were described as early as 1892' in the dental literature. Heinrich
Kble®, in 1959, wrote one of the most important articles when he
suggested that the greatest resistance to tooth movement is created
by the cortical bone of the alveolus. A technique combining
orthodontics with interradicular corticotomy and supra-apical
osteotomy was presented in order to facilitate rapid orthodontic
tooth repositioning.

Corticotomy-assisted orthodontic treatment is an established
and efficient orthodontic technique that has been studied in a
number of publications.™* It has gradually gained popularity as an
adjunctive option to orthodontic treatment in adults. It entails
selective alveolar decortication in the form of lines and dots
performed around the teeth to be moved, thereby removing the

primary resistance to tooth movement exerted by the surrounding
cortical bone.’ This induce a state of increased tissue turnover and
transient osteopenia, resulting in a faster rate of orthodontic tooth
movement. This make it possible to move teeth by as much as 75 to
80 percent faster in adults.® Although considered quite effective,
there was little acceptance by the patients due to the aggressive
nature of the procedure, and risk of complications associated with
intensive corticotomies.™’

An alternative approach that has been recently introduced is the
corticision technique. This method involves minimal surgical
intervention using surgical blades in order to separate the
interproximal cortices transmucosally. This modification provides
protection of the alveolar bone, eliminating the risk of crestal bone
loss and loss of attached gingiva that is often seen with corticotomy
procedures, while accelerating tooth movement. This technique
might prove favourable for both the patient and orthodontist by
lessening treatment duration and complications involved.

A common feature among these various procedure is that their
biological mechanism is based on the regional acceleratory
phenomenon (RAP)." This is a process by which tissue forms several
times faster than the normal regional regeneration process in
response to a stimulus, particularly following surgical wounding of
the cortical bone.” This results in bone demineralization observable
within the area that affects the rate of tooth movement.”'’ Therefore,
by modifying the balance between resorption and apposition, and by
circumventing the waiting time for the alveolar cortex to be resorbed,
faster tooth movement can be achieved without causing irreversible
damage to the periodontium."



The evidence presented in support of corticision thus far are
based on case report studies, which is considered weak evidence to
support the purported advantages and mechanism of action.
Therefore it is the aim of this study to investigate the effect of
corticision on the remodeling activity of alveolar bone and rate of
tooth movement in cats, based on the hypothesis that cortical bone
incision leads to osteopenia.

REVIEW OF LITERATURE
ORTHODONTIC TOOTHMOVEMENT

The purpose of orthodontic treatment is to move teeth as
efficiently as possible with minimal adverse effects on the teeth and
supporting tissues.'* Studies have suggested that deformation of the
periodontal ligament (PDL) might be the key stimulus for the
initiation of orthodontic tooth movement."*"

Most orthodontists became aware of the role of cells in
orthodontic tooth movement in the pressure-tension theory.” The
theory proposes that force-subjected PDL progenitor cells
differentiate into compression-associated osteoclasts and tension
associated osteoblasts, causing bone resorption and apposition,
respectively.' Only by this mechanism could tooth movement
narrow the PDL on the pressure side and widen it on the tension
side, inducing the postulated mechanical alterations in rate of blood
flow and fiber tension."”

The first histological investigation of orthodontic tooth
movement reported bone resorption on the pressure side and bone
deposition on the tension side after force application to a tooth, "
resulting in discussions about ideal magnitude of orthodontic
forces. Frontal or direct bone resorption is associated with light
force activation, tissue and cell preservation, and vascular
patency.” This implies that osteoclasts are formed directly along
bone surface in the area corresponding to the compressed fibers.
For this reaction to occur, the periodontal fibers must be
compressed only to a certain extent and must not cause
hyalinization (cell free areas).”

In addition, undermining resorption was found to be associated
with orthodontic forces of large magnitude.” The excessive
pressure constricts the blood supply to the periodontium causing
hyalinization, which hinders tooth movement until they are
removed by phagocytosis. At these sites, osteoclastic resorption of
the alveolar wall was initiated from the adjacent undamaged arecas
underneath the lamina dura. This eliminates the hyalinized tissue
making orthodontic tooth movement possible.” The time taken to
remove such tissue by undermining resorption varied from 2 to 4
weeks and occasionally longer depending on the length of the
root.”"*

Clinically, there are three phases of orthodontic tooth
movement that was described.” An initial phase, which was
characterized by rapid tooth movement that lasted for a few days; a
lag phase, during which the tooth showed little or no movement;
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and a post-lag phase, when the rate of tooth movement either
gradually or suddenly increase as a result of the periodontium and
the alveolar bone adapting to the forces placed upon them.*
Histologic studies'*” suggest that the duration of the lag phase
usually lasts 2 to 3 weeks but may take as long as 10 weeks. This is
directly related to the patient's age, alveolar bone density, and
extent of hyalinization that occur during the initial phase. Another
important factor might be that the levels of cytokines and growth
factors which are involved in the remodelling process during tooth
movement show significant differences between individuals.*

Effects of Force Magnitude

In an effort to find the most efficient and effective method of
moving teeth through their supporting structures, different types of
appliances and tooth movements, as well as varying amount of forces
and methods of transmitting them to the teeth was investigated in an
attempt to take advantage of the various types of forces described as
light, heavy, optimal or differential.”

The concept of the optimal force™ was defined as the “the force
leading to a change in tissue pressure that approximated the capillary
vessels' blood pressure, thus preventing their occlusion in the
compressed periodontal ligament.” It was proposed that forces of 15
to 20g./cm.” of tooth surface were considered optimum. Forces well
below this optimal level will cause no reaction in the
periodontal ligament. While forces exceeding the optimal level
would lead to areas of tissue necrosis, preventing frontal bone
resorption to take place, causing a delay in tooth movement.

From the idea of an optimal force grew the differential force
theory.” By varying between light and heavy forces, one could get
increased movement of the anterior or posterior teeth. Accordingly, as
the optimum force for a smaller rooted tooth is exceeded, the rate of
movement for that tooth would be greatly reduced or stopped, while
an anchor tooth with a larger root surface would continue to move ata
near optimum rate, as the optimum rate for the latter would be greater.

However, although the appearance of the necrotic tissue might
be related to the force magnitude, this seems to have no significance
for the rate of tooth movement. This means that once tooth movement
has started, bone remodeling takes place at a certain rate, independent
of force magnitude.”

Age-Related Changes During Treatment

The changing demographics of the typical orthodontic practice
has been due to our increased understanding with adult orthodontic
treatment, increased public awareness of the availability of treatment
and advances in diagnostic and orthodontic techniques and
materials.” There are many reasons why adult orthodontic therapy
should be encouraged. This includes the improvement of function,
occlusion and of esthetics as well as the psychological outlook. Also,
better prognosis will result for prosthetic appliances from having
sound, upright teeth for support.**



The orthodontic procedures in adults tend to be more complex
and time consuming. This longer treatment duration observed
might be related to a delay in the initial tissue response. **** As a
result of cementum formation, the surface of the cementum and
alveolar bone losses its smoothness, assuming a scalloped
appearance, and the width of the PDL becomes narrower and more
irregular. ™ Accordingly, hyalinized tissues are more easily
formed.”

With advancing age, a decrease in the alveolar bone density™
and a slower turnover rate of the bone and PDL were also
observed." This is in contrast with several studies of bone outside
the craniofacial system that reported a gradual decrease in
trabecular bone density with increasing age.”* Although the
histological response in adults appear to begin more slowly, in the
clinical situation, adults and juveniles are equally responsive to
mechanical stimuli once tooth movement has started. ™

One paramount difference in adults is the absence of effective
growth that normally aids in the correction of a malocclusion.” The
biological possibilities for tooth movement in adults are decreased
to about one-third of those found in children.” As a result, tooth
movement had to overcompensate. Consequently, the clinician and
the patient have to work harder to achieve the desired result, and
these efforts go back to the common perception that adults seem to
be in treatment longer than teenagers. "

Inflammatory Mediators

Tooth movement through bone depends on local inflammatory
reactions of the dentoalveolar tissues. When an orthodontic force is
applied to a tooth for a prolonged period of time, mechanical
signals cause the sensory afferent nerves to liberate inflammatory
peptides around the teeth, initiating an inflammatory response.* As
aresult, bone resorption begins and tooth movement occurs.

A large number of local factors have been identified to be
involved in the regulation of bone remodeling during tooth
movement. These agents fall into 3 main categories:
prostaglandins, pro-inflammatory cytokines and growth factors.

Prostaglandins (PGs) are produced under various
physiological and pathophysiological conditions and serve to
maintain local homeostasis. “* They are like hormones in that
they act as chemical messengers, but do not move to other sites,
but work right within the cells where they are synthesized.” It
was suggested that orthodontic mechanical stress induce
synthesis and secretion of PGs by localized cells which
stimulates osteoclastic bone resorption.” The mechanism of
acceleration of the rate of tooth movement in PGE, and PGE, -
treated cases may be related to evidence that local PGs stimulate
bone resorption in vivo by increasing osteoclast numbers. It has
been demonstrated that repeated mucosal injections of this
compounds produced marked changes in alveolar bone
morphology, such as extensive loss of bone matrix, fibrous
replacement, and increased vascularity.™"

Leukotrienes (LTs)™ are compounds, closely related to PGs
that have also been implicated in the mediation of an inflammatory
response. As pro-inflammatory mediators, leukotrienes are strong
attractants of polymorphonuclear leukocytes and stimulate cellular
responses that are quick in onset but do not last long, such as
smooth muscle contraction, phagocyte chemotaxis, and increased
vascular permeability. Therefore, inhibition of this compound will
result in a weaker bone remodeling.

One of the most important breakthroughs of bone biology has
been the identification of the role of cytokines in bone remodeling.”
Cytokines are local biochemical mediators secreted primarily from
leukocytes. They stimulate both humoral and cellular immune
responses, as well as the activation of phagocytic cells. They are
regulators of host response to infection, immune responses,
inflammation, and trauma™ and have been implicated in the
pathology of periodontal diseases, bone destruction, and bone
response to orthodontic treatment.

The cytokines important in bone metabolism include the
interleukins (IL), tumour necrosis factor (TNF) a and B and
possibly [-interferon. In addition to having a powerful mitogenic
action on osteoblasts, IL-1 is the most potent stimulator of bone
resorption known,” and is produced not only by activated
leukocytes but also by bone and synovial cells. The IL-6 is a
pleiotropic cytokine that is commonly produced at local tissue sites
and released into circulation during trauma, and acute
inflammation.””" It is also involved in other processes such as
inhibiting early osteoblast differentiation and enhancing the bone
resorbing effects of IL-1 and TNE.™ The IL-8 is a potent
proinflammatory cytokine that has a key role in the recruitment and
activation of neutrophils to degranulate during inflammation. It is
considered to be important in regulating alveolar bone resorption
during tooth movement by acting early in the inflammatory
response.”

TNF-ais a proinflammatory cytokine produced mainly by
activated macrophages or monocytes, neutrophils, endothelial
cells, and fibroblasts.”*' It has been shown to be an early modulator
of bone resorption”* and is detectable in human gingival sulcus.” It
plays a pivotal part in the assessment of orthodontic tooth
movement under pathologic conditions resulting from excessive
orthodontic forces.”*’

Osteoclasts, which differentiate from hematopoietic stem
cells, are required for bone resorption and remodeling. Both
receptor activator of nuclear factor kappa B (RANKL) and receptor
activator of nuclear factor (RANK) are key proteins regulating
osteoclast function.”” RANK is considered as a hematopoietic
surface receptor controlling osteoclastogenesis and calcium
metabolism, while RANKL may promote osteoresorption by
induction of cathepsin K gene expression.””™” The interaction
between RANK on the preosteoclasts and RANKL promotes
maturation and fusion of the preosteoclasts into activated
osteoclasts.””"



REGIONAL ACCELERATORY PHENOMENON

In 1960, orthopaedist Frost” found that surgical wounding of
osseous hard tissue results in striking reorganizing activity adjacent
to the site of injury. He came to the conclusion that any type of
significant injury to a bone usually results in an acceleration of
bone turnover that is directly related to degree and proximity of the
bone trauma. He termed this cascade of physiologic healing events
the regional acceleratory phenomenon (RAP). Since then, this
theory has been rigorously studied and proposed as a method of
accelerating orthodontic treatment by other researchers.

Theoretical Aspects of the Regional Acceleratory Phenomenon

The term regional refers to the demineralization of both the cut
site and adjacent bone,” while acceleratory refers to an exaggerated
bone response in cuts that extend to the marrow.” In human long
bones, RAP begins within a few days following surgery that
typically peaks at 1 to 2 months, and may take from 6 to 24 months
to completely subside.”* This occurs in more than 97% of bone
injuries and is essential for adequate healing.” When a RAP fails to
develop, infections can progress alarmingly.

A previous study’ have shown that RAP led to a five-fold
increase in new trabecular bone formation that was localized to the
area immediately adjacent to the corticotomy cuts without
changing the bone volume (BV). The maintenance of BV, despite
increased in new bone formation, was due to a local increase in
bone remodeling.

In dentistry, RAP can result from local trauma, such as
corticotomy, periodontal surgery, orthodontic force, implant,*
and infection and systemic changes in bone due to menopause and
parathyroid treatment.”* The RAP that occurs adjacent to the PDL
triggered by orthodontic force alone is known as undermining
resorption, but the level of expression is only mild to moderate.”
When orthodontic tooth movement is combined with selective
alveolar decortications, this would induce a profound level of RAP
activity."

Structural Features of Bone Repair

The alveolar process forms and supports the sockets of the
teeth. It consists of dense outer cortical bone plates with varying
amounts of spongy bone between them. Tooth movements in a
mesial or distal direction displace the roots through the spongiosa
of the alveolar bone."

Bone tissues are formed by differentiation of the
osteoprogenitor cells into either mesenchymal osteoblasts, or
surface osteoblasts. This osteoblast synthesize and deposit type 1
collagen, the main protein constituent of bone matrix, in only 2
basic conformations: woven bone and lamellar bone.” Woven
bones are seen in association with initial early repair following
fractures and osteotomies. It is a disorganized structure with a high
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proportion of osteocytes and exhibits a small quantity of randomly
oriented collagen fibers that forms quickly at the site of injury. It is
structurally weak and is synthesized primarily to serve as a scaffold
upon which the better oriented and mechanically stronger lamellar
bone is deposited.”™" On the other hand, lamellar bone is less
cellular than woven bone. Once sufficient amount of woven bone
are available, surface osteoblasts deposit new matrix in a linear or
lamellar orientation. This contributes a quality to the bone that is
more resistant to torsional and tensional stresses.”"

Bone remodeling is accomplished by the basic multicellular
unit (BMU). The BMU comprises a team of osteoclasts in front, a
team of osteoblasts in the rear, a central vascular capillary, a nerve
supply, and associated connective tissue.” Each BMU begins at a
particular place and time and advances towards a target. As this
advances, osteoclastsleave the resorption site and osteoblasts move
in to cover the excavated area and begin the process of new bone
formation.” However, for bones that are undergoing extensive
remodeling, such as during RAP, bone formation cannot keep pace
with the large amounts of resorption that are occurring, with the end
result being net bone loss. At the end of healing, when the stimulus
to RAP resolves, the BMU activation declines to normal,
remodeling spaces fill back with new bone, and osteopenia
disappears.”

Bone Healing Process

Bone has a remarkable ability to repair itself to full structural
and functional effectiveness. Bone repair occurs by different
specific mechanisms primarily dependent on the biophysical
environment. Although the various types of repair uses differing
normal cells and tissues, the eventual bone synthesis is always
mediated by the mesenchymal and surface osteoblasts and via the
woven and lamellar matrix conformations.”

Knowledge of the several mechanisms of bone repair is
important for optimal clinical management of operative
interventions. The histologic patterns of bone repair are: i)
endochondral bone repair (repair by callus formation), mediated by
inner periosteal layer and marrow tissues, synthesizing cartilage
and then woven and lamellar bone in an environment of
interfragmentary space and mobility; ii) primary bone repair (direct
contact repair),”” mediated exclusively by intraosseous Haversian
system osteoblasts and osteoclasts cutting cone, without a cartilage
phase in an environment of no interfragmentary space and rigid
stability; iii) direct bone repair (gap repair)” mediated also
without a cartilage phase by marrow derived vessels and
mesenchymal cells in an environment of interfragmentary space
greater than 0.1 mm with rigid stability; and iv) distraction
osteogenesis mediated by inner layer periosteal and marrow
(including endosteal) tissue, synthesizing woven and then lamellar
bone in the slowly widening gap in an environment of more or less
stability and slow distraction.”

An injury of any type initiates a healing process that restores



the tissue to its original physical and mechanical properties
influenced by a variety of systemic and local factors. Healing
occurs in three distinct but overlapping stages: 1) the early
inflammatory stage; 2) the repair stage; and 3) the late remodeling
stage.”” Following injury, hematoma develops during the first few
hours and days. Local mediator mechanisms (e.g. prostaglandins)
begin to produce inflammatory cells and fibroblasts, which secretes
cytokines to infiltrate the bone.” This results in the formation of a
soft granulation tissue in the space created by the fracture, ingrowth
of vascular tissue and migration of mesenchymal cells.”

During the repair stage, fibroblasts begin to lay down a stroma
that helps support the vascular ingrowth. About two weeks after the
injury, some osteoclasts usually appear to resorb some of the
irregular fracture surfaces. As this progress, a collagen matrix is
laid down while osteoid is secreted and consequently mineralized,
which leads to the formation of a callus around the repair site.
Eventually, the bone remodeling process then replaces the callus
with new bone.”” Even though the biomechanical environment for
repair leads to different mechanisms of healing, the ideal end result
is the same. The healing bone is completely remodelled to a point of
no indication as to where the fracture or osteotomy was located.

SURGICALLY FACILIATED ORTHODONTICS

Surgery as an adjunct to orthodontic therapy can significantly
expand the limitations of orthodontics and greatly reduce the
treatment duration. Currently, there are two main types of
surgically facilitated orthodontic therapy that are popular.
Corticotomy is a surgical intervention limited to the cortical portion
of the alveolar bone to cause demineralization through the regional
acceleratory phenomenon. The second type involves single- or
multiple-tooth osteotomies combined with the principles of
distraction osteogenesis to rapidly grow hard and soft tissues,
thereby enabling changes in the alveolo-skeletal relationships. In
the process, both cortical and trabecular bone are removed in
significant quantities.” "

Cohn-Stock'”' recognized three basic management alternatives
in the correction of malocclusion the strictly orthodontic
procedure, the combination of orthodontic and surgical procedure,
and the strictly surgical procedure. When purely mechanical
orthodontic measures fail, the dentist should use supportive
surgical means to achieve successful management, as well as to
shorten treatment time.

The primary interest in corticotomy centered on its application
for patients older than 16 years in order to accelerate care, extend
the envelope of tooth movement and to reduce the possibility of
relapse.' ™' According to previous publications,"”*'” orthodontic
management could be reduced by a fourth or a fifth of the usual
duration by completing the orthodontic treatment in the first three
to four months after corticotomy before fusion of the tooth-borne
units occur, without compromising the vascular supply of the pulp
nor causing root resorption.'”

Although coticotomy assisted orthodontic treatment may be
considered a less-invasive procedure than osteotomy, there have
still been several reports regarding adverse effects to the
periodontium following corticotomy, ranging from no
problems***"” to slight interdental bone loss and loss of attached
gingiva,'” to periodontal defects observed in some cases with short
interdental distance.'” In addition, some post-operative swelling
and pain is expected for several days.

Over the years, in an effort to eliminate the adverse reactions
associated with corticotomy, distraction osteogenesis was
presented as another method for accelerating orthodontic tooth
movement that initiates the RAP. It is a process of growing bone
through a surgical cut''*'" by stretching the soft tissue callus. In the
process, both cortical and trabecular bone are removed in
significant quantities.”""

The latest advancement in the distraction armamentarium is
the periodontal liagament (PDL) distraction technique.'” It was
shown that the PDL behaves like a craniofacial suture.” The
process of osteogenesis in the PDL during orthodontic tooth
movement is similar to that in the midpalatal suture during rapid
palatal expansion. The major difference is the rate of
osteogenesis.'” A case report by Bilodeau'* showed that the teeth
remained vital throughout the treatment. This method is a
breakthrough for orthodontic treatment especially in adult patients
with critical anchorage requirements.

To achieve rapid orthodontic tooth movement without the
downside of an extensive and traumatic surgical approach while
maintaining the clinical benefit of a concomitant bone graft, Dibart
et al.'” developed a minimally invasive procedure combining
microincisions, minimal piezoelectric osseous cuts to the buccal
cortex and bone or soft-tissue grafting concomitant with a tunnel
approach. Because of its micrometric and selective cut, the
piezoelectric knife is said to lead to safe and precise osteotomies
without any osteonecrosis damage."* Furthermore, it works only on
mineralized tissues, sparing soft tissues and their blood supply."’
The technique being demonstrated similar clinical outcome when
compared with the classic decortication approach but has the added
advantages of being quick, minimally invasive, and less traumatic
to the patient.

One of the latest techniques involves an incision line through
the gums using a scalpel to separate the interproximal cortices
transmucosally. Kim et al.’ termed this as 'Corticision' technique.
There was minimal surgical intervention by excluding flap
reflection. This eliminates the complications of crestal bone
resorption and bone dehiscence after flap surgery.” Extensive direct
resorption of bundle bone with less hyalinization and more rapid
removal of hyalinised tissue were observed in canines with
orthodontic movement plus corticision. The accumulated mean
apposition area of new bone was observed to be 3.5 fold higher in
this group.® This supplemental alveolar surgery not only decreased
the treatment duration, but also reduced the incidence of root
resorption, decalcification and allow better acceptance for adult
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patients who can't tolerate a lengthy orthodontic treatment.

To date however, few researchers have conducted experiments
to broaden the scope of our knowledge with this new concept.
Though corticision is regarded as a convenient procedure for both
orthodontist and patient, and has a clinical value for accelerating
tooth movement, additional experimental data is needed.

MATERIALSAND METHODS

A protocol of the proposed study especially those relevant to
the animal related procedures, were submitted for review before the
Institutional Animal Care and Use Committee of the National
Institutes of Health of the University of the Philippines Manila
prior to the start of the experiment.

Experimental Model and Design

Male domestic cats, weighing between 2.8 to 5.0 kg., were
used in the study. Accurate determination of the cats' age was
impossible as they were not purposely bred for research.
Maturation was determined by dental examination and observing
the behavioural development to differentiate an adult cat of at least
1 to 6 years of age, which is comparable with late adolescence to
adulthood in human beings."*"*

Cats with complete sets of maxillary teeth without any sign of
tooth mobility were purchased from a local cat supplier providing
laboratory animals (e.g., cats) for 30 years in the University of the
Philippines Diliman.

Using Russ Lenth's Power and Sample Size Software and data
obtained from a previous study with a standard deviation of 0.04
and minimum detectable contrast of 0.1, the sample size was
computed to be n=>5 per group with a projected power of 88.06%.

Male domestic cats were housed in a non-collapsible type
of cage made of aluminum sheets and with metal mesh for the
door (Fig.2). The size of the cage was 2 x 2 x 2 feet.”” Each cage
housed 1 cat weighing between 2.8 to 5.0 kg. The floor area was
covered with newspapers for easy disposal of fecal matters,
which were disposed and cleaned every morning for the whole
duration of the experiment. The design of the cage did not only
provide privacy for the cat, but reduced the stress from
confinement.

The cages were housed in the Veterinary Teaching
Hospital, located at the University of the Philippines Diliman.
A 12:12 hours light-dark regimen was followed in order to
imitate the day-night cycle.

Each animal was identified through a letter code attached
to their respective cages to indicate their group, that is, GA for
Group A, and GB for Group B. A number assigned by the
researcher (e.g. GAl, GBI1), and designated control or
experimental side (e.g. GA1L, GA1R). Each identification
code had an accompanying descriptive remark of the fur
markings of the cat assigned with that identification code.
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Figure 2. Experimental subjects housed in a 2 X2 x 2 feet non-collapsible
cages.

Prior to the start of the experiment, cats were quarantined for a
minimum period of 3 weeks, during which they were de-wormed
using 1% Ivermectin (Ivomec”) at 250 pg./kg. body weight and 1%
Albendazole (Microzole”) at 10 mg./kg. body weight and had
undergone anti-rabies shots using Merial-Rabisin"” at 1 ml. per cat.

Cats were fed twice daily with a common commercially
available cat pellets moistened in water, to avoid appliance
damage,” and drinking water from a plastic receptacle which were
replenished daily from a chlorinated main supply to sustain the
animals' dietary needs. Weight of the cats and food intakes were
monitored during the whole duration of the experiment. In the case
of a 10% weight loss, forced feeding was done by softening the
food and feeding them through a syringe.

The 10 male domestic cats were randomly divided and
assigned into 2 groups, designated as Group A and Group B. A split-
mouth design was used with the right segment used as the
experimental side and the contralateral side used as the control.
Overall, 20 canines were included in the study.

The treatment protocol for the control sides of both Group A
and B involved the application of orthodontic forces alone. The
experimental sides of Group A consist of orthodontic forces with
Corticision, while Group B includes the application of orthodontic
forces with Corticision and periodic mobilization of the
experimental tooth. Each group was further subdivided into four
subgroups depending on the duration of force application: Group 1,
7 days; Group 2, 14 days; Group 3, 21 days; and Group 4, 28 days.

To evaluate the accuracy and precision of appliance design
placement and to observe and ensure the distalization of the
canines, a cat was installed with the orthodontic appliance for pre-
testing. The data gathered from this animal were not included in the
results of the study.



Placement of Orthodontic Appliance

Prior to appliance insertion, Atropine Sulphate (Atrosite) was
injected subcutaneously at a dosage of 0.04 mg./kg. General
anaesthesia was then induced by the veterinary surgeon at a dosage of
7.5 mg./kg. body weight through an intramuscular administration of
Zoletil (a combination of Tiletamine Hypochloride and Zolazepam
Hypochloride) into the caudal thigh (semimembranous muscle), half-
way between the knee joint and the hip. A maintenance dose 0of 50% of
the total dose was administered as needed. Foods were withheld for 12
hours prior to administration of anaesthesia in order to reduce the risk
of vomiting during induction or during the recovery period. Blood
tests including Complete Blood Count and Platelet Count were also
performed.

Manual oral prophylaxis was done on each subject with the use
of a universal scaler. Teeth were brushed using a prophy brush with
pumice, attached to a low speed motor followed by water irrigation.
Cottonrolls were used to isolate the areas to be bonded.

The fixed orthodontic appliance design for canine retraction was
similar in specifications to the appliance used in the study by
Kim etal.’in 2009. The maxillary second and third premolars on both
sides of all animals were etched using 37% phosphoric acid gel for 15
seconds, followed by copious irrigation with water. After drying, the
teeth appeared frosty white and a thin uniform coat of primer was
applied on each tooth surface to be bonded which was light cured for
20 seconds. The 2 premolars were bonded together using a hybrid
flowable composite resin (Hybrisun Flow, Mega Physik) and a
packable hybrid composite resin (Premisa,™ Kerr) extended to the
buccal surface to reinforce anchorage.

The fixed orthodontic appliance consisted of single rectangular
slot buccal tubes (American Orthodontics) bonded to the buccal
surface of the maxillary third premolars using a packable hybrid
composite resin (Premisa, Kerr), and banded lower incisor
edgewise brackets with welded hooks on the distal, cemented to the
maxillary canines using a flowable composite resin (Hybrisun Flow,
Mega Physik). A 0.016 x 0.016 inch stainless steel sectional wire was
inserted passively from the canine brackets to the buccal tubes.
Canines were retracted using 0.010 x 0.030 inch Sentalloy closed coil
spring exerting a force of 150 gm. upon activation (Fig. 3). The force
delivered by the coil spring was checked every week with the use of a
tension gauge and reactivated when necessary.

Alveolar Bone Injury

After local anaesthetic infiltration (1.8 ml Lidocaine HCL with
1:100,000 Epinephrine), cortical incisions were created on the
mesiobuccal, distobuccal, and distopalatal aspect of the
experimental groups. The mesiopalatal aspect was excluded from
the cortical incisions due to the extremely thin palatal bone and the
presence of a suture line.”

Incisions were performed using reinforced surgical blades
(Paragon, No.15T) positioned on the interradicular attached

gingiva at an inclination of 45° to 60° to the long axis of the
canines. The blades were gradually inserted into the bone marrow
by malleting the blade holder, which gently penetrated through
the 1 mm. thick overlying gingiva, cortical bone, and cancellous
bone, to an estimated depth of 5 mm. (Fig.4). The surgical
incisions were created 2 mm. from the papillary gingiva in order
to preserve the alveolar crest, and then were extended 1 mm.
beyond the mucogingival junction because of the presence of a
narrow attached gingiva in cats. The blades were pulled out using

Figure 4. Direction of blade insertion.
(A) Blade inserted > 45° to the long axis of the canine.
(B) Distopalatal incision.



a swinging motion. Hemostasis was achieved using cotton rolls
and firm pressure.

Cats were kept warm by providing a gentle heat source
throughout the duration of the anaesthesia and until the cat has fully
recovered. The recovering cat was placed in a warm, quiet room
with soft beddings to keep them clean and comfortable, and away
from other animals.

Periodic mobilization was carried out only on the maxillary
canines of Group B using a cotton plier in the mesio-distal direction
immediately following corticision, and the procedure was repeated
every three days throughout the experimental period (Fig. 5). The
investigator calibrated the force applied in order to deliver the same
amount of force during periodic mobilization.

After completing the experimental procedures, a protective
collar was immediately placed around the cat's neck to prevent the
animal from scratching, biting and licking its body while the
wounds heal, as well as to prevent damage to the orthodontic
appliances.

Post-operative care included oral administration of 11 mg./kg.
Clindamycin oral suspension (Dalacin C Palmitate, Pfizer) twice
daily for 5 days, and 0.1 mg./kg. Meloxicam oral suspension
(Petcam, Cipla) for pain, once daily for 5 days. Tooth brushing and
daily irrigation with saline water using a syringe for 1 week were
done to lessen the probability of infection and delayed wound
healing. This was continued once a week thereafter.

Recording Tooth Movement

The amount of tooth movement was measured using a vernier
calliper, accurate to 0.01 mm., prior to the start of canine retraction,
and on the 7", 14", 21" and 28" days thereafter. Each measurement
was repeated thrice by the researcher and the mean value was
obtained. The distal surface of the buccal tube and the mesial
surface of the incisor bracket served as the reference points in
obtaining the linear distance of tooth movement.

[ .

Figure 5. Mobilization of the canine in a mesio-distal
direction.

Animal Euthanasia

Only 4 animals per group were sacrificed during the 4 time
intervals to describe the histological effects. A total of 8 cats were
sedated using intramuscular injections of Zoletil at a dosage of 5
mg./kg. body weight. Euthanasia through intracardiac injection of
1:1 75% Magnesium Sulfate and Potassium Chloride was
performed by the veterinary surgeons.

Processing of Specimen

Tissue blocks that included the canines, the surrounding
paradental tissues, and corticision site were dissected from the
maxilla. These tissue blocks were fixed in a 10% neutral buffered
formalin, decalcified in 10% Formic Acid Solution, dehydrated in a
series of ethyl alcohol concentrations, embedded in paraffin, and
longitudinally sectioned in the mesio-distal direction parallel to the
direction of orthodontic force application. Three 5 pm. sectioned
slices were acquired for examination under light microscopy with
hematoxylin and eosin stain. Slices were obtained from the buccal,
middle and lingual surfaces of the specimens.

The bodies of the 8 sacrificed animals from whom the
specimens were collected, were buried in a designated area allotted
within the grounds of the Veterinary Teaching Hospital located in
the University of the Philippines Diliman, while the remaining 2
cats were kept as household pets.

Statistical Analysis

ARandomized Complete Block Design analyzed with the two-
way Analysis of Variance (ANOVA) was utilized in the study to
determine the difference between the rate and distance of tooth
movement among the same groups and between the 2 groups with a
p <0.05 level of significance. Post Hoc Test (Tukey's HSD Test)
with a p < 0.05 level of significance was employed for additional
exploration of the difference among the means to provide specific
information on which means are significantly different from each
other.

RESULTS

A split mouth design was used in the study to determine the
effect of corticision, with or without periodic mobilization, on the
rate of orthodontic tooth movement and alveolar bone remodeling
in 10 adult cats. Cuspid retracting appliances delivering the same
magnitude of force (150 gm.) were placed on both the right and left
sides of the experimental animals. A total of 20 samples were used
in the study. The evaluation of tooth movement for these animals
was based on a differential comparison of the right and left sides
representing the experimental and control groups, respectively, and
between the 2 groups.



Rate and Distance of Tooth Movement

The rate of tooth movement after corticision on the
experimental sides of Group A was 34% (mean rate: 0.15920 mm./
day; mean distance: 1.11400 mm./ week) faster than that of the
control sides (mean rate: 0.10480 mm./ day.; mean distance:
0.73400 mm./ week) (Fig. 6; Tables 1-3; Appendix A). While the
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Figure 6. Comparison of the Rate of Tooth Movement after
7 days in Group A.

Table 1. Comparison of the Rate and Distance of Canine Movement
Between the Control and Experimental Sides of Group A.

Experimental Mean Rate (mm./ day) Mean Distance (mm./ week)
Duration Experimental Experimental
(days) Control Side Side Control Side Side
7 days 0.10480 0.15920 0.73400 1.11400
14 days 0.04200 0.03900 0.29250 0.27250
21 days 0.05270 0.07700 0.36667 0.54000
28 days 0.04450 0.06400 0.31000 0.45000

Table 2. Two-way ANOVA of the Difference in the Rate of Tooth
Movement Between the Control and Experimental Sides of Group A.

Source SumT(!)/fpgqlﬂares df S’\gﬁzpe F Sig.
Corrected Model 0.052" 7 0.007 5.961 0.001
Intercept 0.133 1 0.133 105.844 0.000
EXP-CON 0.004 1 0.004 2.823 0.108
WEEKS 0.044 3 0.015 11.597 0.000
EXP-CON*WEEKS 0.004 3 0.001 0.997 0.415
Error 0.025 20 0.001
Total 0.258 28
Corrected Total 0.077 27

a. R Squared = 0.676 (Adjusted R Squared = 0.563)

Table 3. Two-way ANOVA of the Difference in the Distance of Tooth
Movement Between the Control and Experimental Sides of Group A.

Source Sum.lgfpgqlﬂares df S’\gﬁg?e F Sig.
Corrected Model 2.565° 7 0.366 5.976 0.001
Intercept 6.485 1 6.485 105.744 0.000
EXP-CON 0.177 1 0.177 2.881 0.105
WEEKS 2.139 3 0.713 11.626 0.000
EXP-CON*WEEKS 0.181 3 0.060 0.986 0.420
Error 1.226 20 0.061
Total 12.640 28
Corrected Total 3.792 27

b. R Squared = 0.677 (Adjusted R Squared = 0.563)

experimental sides of Group B was accelerated by 40% (mean rate:
0.16660 mm./ day; mean distance: 1.16600 mm./ week) more as
compared to the control sides (mean rate: 0.10000 mm./ day; mean
distance: 0.70000 mm./ week) (Fig. 7; Tables 4-6; Appendix B).
Both groups shared the greatest distance and most rapid rate of
canine retraction (»p<0.05, Tukey's HSD Test) during the first 7 days
of the experimental period.
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Figure 7. Comparison of the Rate of Tooth Movement after
7 days in Group B.

Table 4. Comparison of the Rate and Distance of Canine Movement
Between the Control and Experimental Sides of Group B.

Experimental Mean Rate (mm./ day) Mean Distance (mm./ week)
D(léI:yllsO)ﬂ Control Side Expesr:g\eental Control Side Expesrii(Teental
7 days 0.10000 0.16660 0.70000 1.16600
14 days 0.07000 0.05625 0.49000 0.39250
21 days 0.03967 0.03333 0.27667 0.23333
28 days 0.04050 0.02550 0.28500 0.18000

Table 5. Two-way ANOVA of the Difference in the Rate of Tooth
Movement Between the Control and Experimental Sides of Group B.

Source Sum-rgfp gqlﬂares df Sl\c/zli?a?e F Sig.
Corrected Model 0.063" 7 0.009 5.807 0.001
Intercept 0.110 1 0.110 71.632 0.000
EXP-CON 0.000 1 0.000 0.252 0.621
WEEKS 0.051 3 0.017 11.003 0.000
EXP-CON*WEEKS 0.010 3 0.003 2.140 0.127
Error 0.031 20 0.002
Total 0.264 28
Corrected Total 0.093 27

a. R Squared = 0.670 (Adjusted R Squared = 0.555)

Table 6. Two-way ANOVA of the Difference in the Distance of Tooth
Movement Between the Control and Experimental Sides of Group B.

Source SumT<Jyfp§q|L|ares df S"gﬁz?e F Sig.
Corrected Model 3.062° 7 0.437 5.812 0.001
Intercept 5.402 1 5.402 71.766 0.000
EXP-CON 0.019 1 0.019 0.251 0.622
WEEKS 2.487 3 0.829 11.012 0.000
EXP-CON*WEEKS 0.484 3 0.161 2.145 0.126
Error 1.505 20 0.075
Total 12.950 28
Corrected Total 4.568 27

b. R Squared = 0.670 (Adjusted R Squared = 0.555)



No statistically significant difference was obtained when
comparing the control sides of Group A and B (p>0.05, two-way
ANOVA). Post Hoc Test revealed a disparity during the third week
of tooth movement when comparing the control sides of both
groups (p<0.05, Tukey's HSD Test) (Tables 7-9).

Comparison between the experimental sides of both groups
showed a difference in the rate of tooth movement between the side
that received only corticision (mean rate: 0.15920 mm./ day; mean
distance: 1.11400 mm./ week) and the side that received corticision
with periodic mobilization (mean rate: 0.16660 mm./ day; mean
distance: 0.16600 mm./ week) by approximately 4.5% after 7 days
(Table 10). However, none of the differences were statistically
significant (p>0.05, Tukey's HSD Test) (Tables 11 and 12).

Clinically, periodic manipulation of the maxillary canines
enhanced the rate and distance of orthodontic tooth movement by
the end of the entire experimental period. However, the differences
between both experimental groups were unremarkable (Table 12).
Statistically, differences observed on the experimental sides were
only significant during the first week of tooth movement, but
considering that the number of subjects decreased every week, the

Table 7. Comparison of the Mean Rate and Distance of Canine
Movement Between the Control Sides of Group A and Group B.

Experimental Mean Rate (mm./ day) Mean Distance (mm./ week)
Duration
(days) Control Side A Control Side B Control Side A Control Side B
7 days 0.10480 0.10000 0.73400 0.70000
14 days 0.04200 0.07000 0.29250 0.49000
21 days 0.05267 0.03967 0.36667 0.27667
28 days 0.04450 0.04050 0.31000 0.28500

Table 8. Two-way ANOVA of the Difference in the Rate of Tooth
Movement Between the Control Sides of Group A and B.

Source Sum-r(zlfp gc:ﬂares df S’\gig?e F Sig.
Corrected Model 0.020° 7 0.003 2.194 0.080
Intercept 0.095 1 0.095 71.853 0.000
EXP-CON 1.498 1 1.498 0.011 0.916
WEEKS 0.018 3 0.006 4.642 0.013
EXP-CON*WEEKS 0.002 3 0.001 0.462 0.712
Error 0.026 20 0.001
Total 0.178 28
Corrected Total 0.047 27

b. R Squared = 0.434 (Adjusted R Squared = 0.236)

Table 9. Two-way ANOVA of the Difference in the Distance of Tooth
Movement Between the Control Sides of Group A and B.

Source Sum-rczlfpgqluares df S'\gﬁzpe F Sig.
Corrected Model 1.002° 7 0.143 2.205 0.078
Intercept 4.650 1 4.650 71.633 0.000
EXP-CON 0.001 1 0.001 0.014 0.907
WEEKS 0.908 3 0.303 4.664 0.013
EXP-CON*WEEKS 0.090 3 0.030 0.464 0.710
Error 1.298 20 0.065
Total 8.732 28
Corrected Total 2.300 27

b. R Squared = 0.436 (Adjusted R Squared = 0.238)
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sample size can affect the outcome of the results.

As shown in Table 1, a difference of 34% was observed with
the experimental sides showing a higher rate and distance of tooth
movement within 0 to 7 days.

Statistically, there was no significant difference found when
comparing the rate of orthodontic tooth movement between the
experimental and control sides of Group A (p>0.05). However, the
two-way ANOVA test showed a marked difference during the
different experimental periods of tooth movement among the two
sides. Further analysis using the Post Hoc Test (Tukey's HSD Test)
determined that the difference was observable during the first 7
days of testing (»p<0.05).

No statistically significant difference was observed on the
amount of tooth movement achieved between the experimental and
control sides of group A. However, Post Hoc Test (Tukey's HSD
Test) showed that tooth movement was significantly faster during
the first experimental week.

An increase in the rate of tooth movement was observed on the
experimental sides of Group B which showed a difference of 40%
as compared to the control sides during 0 to 7 days.

Table 10. Comparison of the Mean Rate and Distance of Canine
Movement Between the Experimental Sides of Group A and Group B.

Experimental Mean Rate (mm./ day) Mean Distance (mm./ week)
Duration - - - -
(days) Experimental Experimental Experimental Experimental

Side A Side B Side A Side B

7 days 0.15920 0.16660 1.11400 1.16600
14 days 0.03900 0.05625 0.27250 0.39250
21 days 0.07700 0.03333 0.54000 0.23333
28 days 0.06400 0.02550 0.45000 0.18000

Table 11. Two-way ANOVA of the Difference in the Rate of Tooth
Movement Between the Experimental Sides of Group A and B.

Source Sungfp gqlﬂares df S’\gﬁgpe F Sig.
Corrected Model 0.088° 7 0.013 8.578 0.000
Intercept 0.150 1 0.150 102.423 0.000
EXP-CON 0.001 1 0.001 0.879 0.360
WEEKS 0.083 3 0.028 18.862 0.000
EXP-CON*WEEKS 0.005 3 0.002 1.069 0.385
Error 0.029 20 0.001
Total 0.344 28
Corrected Total 0.117 27

b. R Squared = 0.750 (Adjusted R Squared = 0.663)

Table 12. Two-way ANOVA of the Difference in the Distance of
Tooth Movement Between the Experimental Sides of Group Aand B.

Source Sungfp gql Hares df S’\gizaa?e F Sig.
Corrected Model 4.311° 7 0.616 8.592 0.000
Intercept 7.367 1 7.367 102.783 0.000
EXP-CON 0.064 1 0.064 0.890 0.357
WEEKS 4.061 3 1.354 18.888 0.000
EXP-CON*WEEKS 0.231 3 0.077 1.074 0.382
Error 1.433 20 0.072
Total 16.857 28
Corrected Total 5.744 27

b. R Squared = 0.750 (Adjusted R Squared = 0.663)
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Figure 8. Microphotographs of periodontal tissue at pressure sides with
hematoxylin and eosin (H & E) stain: (A) Control Group on day 7 (100x). (B)
Experimental Group A on day 7 (40x). (C) Experimental Group B on day 7 (40x).
(D) Control Group on day 14 (100x). (E) Experimental Group A on day 14 (40x).
(F) Experimental Group B on day 14 (100x). (G) Control Group on day 21 (100x).
(H) Experimental Group A on day 21 (100x). (I) Experimental Group B on day 21
(40x). (J) Control Group on day 28 (100x). (K) Experimental Group A on day 28
(40x). (L) Experimental Group B on day 14 (40x). The compressed PDL in the
control group ined more hyalinized tissue, Iting in undermining
resorption. Black arrow means the direction of resorption. White arrow means
hyalinized tissue. (t indicates tooth; p, PDL; h, hyalinization; b, alveolar bone; c,
corticision.

Figure 9. Microphotographs of the corticision site with H & E stain (100x).
Experimental Group A on day 14. (A) Mesiobuccal area. (B) Distobuccal area. The
surgical gap was filled with fibrous connective tissues and granulation tissues.
Numerous plump osteoblasts lined the margin of the newly formed bone. Arrows
indicate new bone formation. (ob, old bone; nb, necrotic bone)
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Figure 10. Microphotographs of the corticision site with H & E stain
(40x). Distobuccal area of experimental Group B on day 7. Surgical gap
was filled with numerous necrotic bones and inflammatory cells.
Arrow indicates the thin epithelium connecting the soft tissue injury.

Figure 11. Microphotographs of the corticision site with H & E stain.
Experimental Group B on day 14. (A) Mesiobuccal area (100x). Bone
resorbing cells present on the periphery of the bone defect. (B) Distobuccal
area (40x). The surgical gap was filled with fibrous connective tissues and
granulation tissues.

Analysis using the two-way ANOVA shown in Tables 5 and 6
found no significant difference when comparing the rate and
distance of tooth movement between the experimental and control
sides of Group B (p>0.05). However, a statistically significant
difference was found between the four experimental periods.
Further analysis using the Post Hoc Test (Tukey's HSD Test)
showed that orthodontic tooth movement was able to attain the
longest distance during the first week of translation (p<0.05).

The results of the two-way ANOVA test presented in Tables 8
and 9 showed no significant differences in the rate and distance of
orthodontic tooth movement between the two control groups

1
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Control Group Experimental Experimental
Group A Group B

Figure 12. Microphotographs of periodontal tissue on tension side with H & E
stain: (100x): (A) Control Group on day 7. (B) Experimental Group A on day 7.
(C) Experimental Group B on day 7. (D) Control Group on day 14. (E)
Experimental Group A on day 14. (F) Experimental Group B on day 14. (G)
Control Group on day 21. (H) Experimental Group A on day 21. (I) Experimental
Group B on day 21. (J) Control Group on day 28. (K) Experimental Group A on
day 28. (L) Experimental Group B on day 14. Bone formation and maturation was
more rapid in the experimental groups. Arrows indicate areas of bone formation.
(tindicates tooth; p, PDL; b, alveolar bone.)

Figure 13. Stretched sharpey's fibers of experimental Group A on day 14 stained
with hematoxylin and eosin (H&E) dyes (100x).

Figure 14. Spike-like bone formation with multiple newly developed marrow
spaces associated with rapid tooth movement (100x). (A) Experimental Group A at
14 days. (B) Experimental Group B at 28 days.

(»>0.05). The Post Hoc Test (Tukey's HSD Test) however revealed
adifference during the third week of orthodontic tooth movement.

Results of the two-way ANOVA test presented in Tables 11 and
12 was not able to show any significant difference in the rate and
distance of tooth movement when the experimental sides of Group
A and B were compared. However, further analysis using the Post
Hoc Test (Tukey's HSD Test) showed a significant difference in the
rate of orthodontic tooth movement during the first experimental
week.

Histological Changes in the Periodontal Ligament Space
Pressure Side

Histopathologic evaluation of the slides stained with
hematoxylin and eosin demonstrated various morphological
changes of the periodontal ligament (PDL) over time. Light
microscopic findings of the tissues surrounding the orthodontically
moved canines on day 7 showed areas with hyalinization on the
compression side, but without signs of resorption (Fig. 8A). On day
14, undermining resorption occurred while frontal resorption was
manifested on some areas (Fig. 8D). On day 21, the resorptive
activities were widespread with areas of local unresorbed bundle
bone (Fig. 8G). On day 28, a small area of hyalinization was
detected with numerous spaces within the alveolar bone
representing resorption pits (Fig. 8J).

In the corticision group on day 7, the compressed PDL
contained less hyalinized tissue compared to the control group.
Areas representing resorption pits were evident. The soft tissue
injury to the attached gingiva was repaired by stratified squamous
epithelium, though the underlying connective tissue stroma was
still disorganized with hemorrhage extending along the length of
the surgical gap. Necrotic bones were present on the periphery (Fig.
8B). On days 14 to 21, wide areas of bundle bone were resorbed
through frontal resorption, however, slight hyalinization still
remained (Fig. 8E, 8H). The surgical gap was very fibrotic and
filled with granulation tissues (Fig. 9). On day 28, osteoclastic



activity was still dynamic and without any signs of hyalinization.
Remodeling of new bone continues to replace the fibrous
connective tissue (Fig. 8K).

In the corticision with periodic mobilization group, hyalinized
tissues were absent and resorption pits were visible (Fig. 8C). The
squamous epithelial attachment was thin and the connective tissue
stroma disorganized. The surgical gap was still hemorrhagic and
filled with numerous necrotic bone on day 7 (Fig. 10). On day 14,
osteoclastic activity was observable together with limited area of
hyalinization (Fig. 8F). Bone resorbing cells appeared on the
periphery of the bone defect and the gap was filled with granulation
and fibrous connective tissues with actively forming bone matrix
on some areas (Fig. 11). On day 21, hardly any hyalinized tissues
were present and resorption pits were seen adjacent to the
compressed PDL (Fig. 81). Fibrous tissues and newly formed bone
continued to fill the gap. On day 28, there was absence of
hyalinization and bone resorbing activity (Fig. 8L). Some
granulation tissue was still detected within the fibrous connective
tissue.

Tension Side

Light microscopic findings of the control group on day 7
showed areas with stretched collagen fibers and disorganized
collagenous tissues in the PDL of the tension side. Band-like
osteoid formation associated with slow tooth movement was also
evident (Fig. 12A). On days 14 to 28, proliferative PDL cells
activity and increase in osteoid formation were observed (Fig. 12D;
12G; 12)).

In both the experimental groups on days 7 to 14, spike-like
osteoid formation and stretched Sharpey's fibers associated with
rapid tooth movement and increase PDL cell activity can be seen
(Figure 12B; 12C; 12E; 12F and 13). On days 21 to 28, multiple
marrow space associated with newly formed bone were
distinguishable from the old lamellar bone (Fig. 12H; 12I; 12K;
12L and 14).

The histological findings from the study are not absolute due to
technical errors during the decalcification process. A highly
concentrated decalcifying solution was mistakenly used dispensed
by the laboratory technician which damaged significant parts of the
third and fourth week specimens. To compensate for the damages,
serial sectioning of the samples was employed in order to obtain
acceptable sections that could be interpreted by the pathologist.

Subject's Weights and Behaviour

The experimental subjects displayed different kinds of
behaviour. Majority of the subjects remained friendly and docile
throughout the experimental period except for a few (2) that
became aggressive during manipulation. Aggression came in the
form of hissing, biting and scratching, despite conditioning of the
animals.

After appliance installation, there was an initial reduction of
less than 10% of the experimental subjects' weight for the first 2
weeks, except for 1 (GB2: 10.67%). In order to address the weight
loss, forced feeding was done by softening the pellets and feeding
the cat through a syringe. This intervention gradually resulted in
the stabilization of their weights by the end of 4" week (Appendix
O).

None of the cats showed any clinical signs of swelling or
displayed healing problems after corticision. All the appliances
remained intact and in good condition except for those placed on
the two subjects during the first day. All four buccal tubes were
rebonded the following day and new measurements were obtained.

DISCUSSION

This study was designed to look particularly at the bone
turnover dynamics of the lamina dura and the rate of tooth
movement following surgical wounding of the cortical bone.
Histological studies of the tissues surrounding the maxillary
canines of the cats, displayed features of tissues that had been
subjected to orthodontic force, confirming that orthodontic tooth
movement had been established.

The data from this study showed large individual differences in
the rate of orthodontic tooth movement. Differences were observed
within and between the groups, therefore it is safe to assume that in
some of the experimental subjects, tooth movement progressed
slowly, because the optimum force for that animal was not
attained."

In tooth movement, the application of orthodontic force alone
is a stimulant sufficient to trigger a mild to moderate regional
acceleratory phenomenon™" activity adjacent to the periodontal
ligament, which is known as “undermining resorption.” However,
when tooth movement is combined with alveolar bone surgery,
such as corticision, this would induce an intense level of regional
acceleratory phenomenon activity by which tissue forms 2 to
10 times faster than the normal regional regeneration process."”

From the result of the study, orthodontic forces combined with
corticision, with or without periodic mobilization, produced
substantially greater tooth movement than orthodontic forces
alone. Comparison between the experimental and control sides of
Group A and B demonstrated statistically significant difference
only during the first experimental week. This was confirmed in a
study by Iino et al.'” and Sanjideh et al." who found that the initial
acceleratory phase was much greater on the corticotomy side than
on the control side, with differences in tooth movement evident
during the first 2 weeks.

Researchers™'"'*"'* have found that the regional acceleratory
phenomenon involves a temporary decrease in alveolar bone
density, which increases the release of calcium. This in turn triggers
rapid bone turnover adjacent to the site of injury, leading to less
hyalinization of the periodontal ligament on the alveolar wall.
Hence, rapid orthodontic tooth movement was facilitated during
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the first week by bypassing the waiting time to eliminate these
areas.

In the present study, no significant difference was observed
when comparing the rate and distance of tooth movement of
Control Group A and B. This finding demonstrates that the
main effect of the regional acceleratory phenomenon is limited
to the region of the stimulus, which corroborates with the clinical
observation of Bogoch et al.” Their finding shows that four weeks
after performing an incomplete osteotomy of the medial femoral
condyle of the rabbits, stimulation of bone formation was not
evident in the cancellous bone of the lateral condyle. A similar
finding was also demonstrated by Teixeira et al.” An increase in the
bone remodeling activity and osteoporosity was found in response
to bone perforations around a mesially tipped maxillary molar of a
rat. This activity was extended to the tissues surrounding the loaded
tooth, but was limited enough not to reach the contralateral side.

During the third week of orthodontic tooth movement, a slight
disparity was observed on the control side, with Group A slightly
higher than Group B. This discrepancy found on the duration of the
lag phase may be attributed to individual variations in the density
and metabolic activities of the alveolar bone, and the extent of
hyalinized (cell-free) areas on the periodontal ligament.”'*'*
Differences on the level of cytokines and growth factors (e.g.,
PGE2, IL-1p and TGF- 1) which were involved in the remodeling
processes might also potentially affect the rate of tooth movement
observed clinically.””

It was stated by Frost™ that the intensity and duration of the
RAP are proportional to the extent of injury. Clinically, an increase
in the rates of tooth movement by approximately 34% and 40%,
from Group A and Group B respectively, were noted in the
experimental sides during the 7-day experimental period. These
were consistent with findings from previous studies that shows a
one-third to almost one-half reduction in traditional orthodontic
treatment time when utilizing bone surgery in conjunction with
orthodontic therapy.”""’

A study done by Haij""' compared the orthodontic treatment
duration of nonextraction, extraction and corticotomy facilitated
non-extraction therapies in eliminating mandibular anterior dental
arch crowding. The result shows that the mean active treatment
time for the corticotomy-facilitated group averaged 6.1 months,
versus 18.7 months required for non-extraction orthodontics and
26.6 months for extraction therapy. Sanjideh et al.”™ also
demonstrated the same relationship indirectly by showing that
extractions with corticotomies produce greater tooth movements
than extractions alone. These prove that orthodontic treatment time
could be reduced with techniques that accelerate space closure.'”

In the study, the rate and distance of tooth movement on the
experimental side of Group B was slightly accelerated in
comparison to Group A. This is similar to a previous study'™ that
showed only a minor difference in the rate of orthodontic tooth
movement following a second corticotomy procedure (2 mm. vs.
2.5 mm.). The difference in the rate of tooth movement might be
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brought about by the repeated mobilization of the tooth that was
carried out every 3 days in the experimental subjects. These triggers
aresponse at the site of injury, intercepting the lamellation process
of woven bone and creating microcracks that tears the cell
processes between neighbouring osteocytes.” '™ Clinically,
periodic mobilization should be carried out every 2 weeks"''"**'*to
take advantage of the three- to four-month window of opportunity
to rapidly move the teeth through the demineralised bone matrix
before the bone has sufficiently healed, and tooth movement
returns tonormal."”

Although the additional mobilization delays the healing
process at the site of injury in comparison to corticision alone, it
seems ineffective in prolonging the regional acceleratory
phenomenon (RAP)." In this study, insignificant difference was
observed between the two experimental groups. It seems
impractical to warrant further mobilization considering the
additional discomfort brought about by frequent orthodontic
manipulation, additional expenses, and unnecessary waste of time
for both the patient and the dentist.

In both experimental Groups A and B, tooth movement
decreases following the initial acceleration, with the rates on the
experimental sides approaching those on the control sides at the end
ofthe experimental period. It is reasonable to expect that the rate of
tooth movement would slow down as bone density increased, since
the anabolic levels of the regional acceleratory phenomenon
increases through time. These findings supported those of several
authors*""""** who were also not able to identify differences in the
rates of tooth movement between the corticotomy and the control
sides at the end of their experiments.

Aging results in various changes to the periodontal tissues. The
critical adaptive tissue for the expression of tooth movement is the
periodontal ligament (PDL). It is a soft connective tissue envelope
that separates the tooth from the alveolar bone. It is highly cellular
and contains an intricate network of blood vessels and nerve
endings. The majority of the PDL cells are fibroblasts, but some of
this fibroblast- like cells are actually osteoprogenitor cells'” The
width of the PDL varies at different parts of the roots,* with
measurements of the periodontal space in humans revealing an
approximate width of0.25 mm. to 0.5 mm. """

With increasing age, the periodontal ligament becomes
narrower and more irregular due to cementum formation'* and as
the surfaces of the cementum and alveolar bone assumes a rough,
scalloped appearance.” ' This could account for the reason why
hyalinized (cell free) tissues are easily formed in adults.

A previous study” had shown that during the initial phase of
orthodontic tooth movement, a small amount of tooth displacement
occurs within the alveolar socket following the application of force.
This progressive displacement of the tooth relative to its osseous
support stops in about 1 to 3 days, or can be as long as a week, due to
the presence of hyalinized tissues.” In an attempt to reduce the
tissue resistance, corticision was employed in order to control the
microenvironment of the alveolar bone. Corticision provides an



instigating stimulus for the catabolic and anabolic remodeling
activity of the periodontium.

The total treatment duration of 4 weeks was used in the study in
order to observe bone metabolism for a minimum of one
remodeling cycle.” Microscopic analysis of the decalcified
maxillary canine and surrounding tissues of the cats using
Haematoxylin and Eosin stains were used in order to distinguish the
different biological structures.

Histological findings on the pressure side of experimental
Group A showed rapid removal of the hyalinized tissues by direct
bone resorption. Bone formation on the tension side was noticeable
as early as 1 week and with more apposition areas observed by the
end of the fourth week in comparison to the control groups. These
findings were consistent with previous reports in which surgical
injury to the rat's alveolus induced a three-fold increase in the
anabolic and catabolic activity immediately adjacent to the site,"
and was 3.5 fold higher in the cat's alveolus following corticision.’

By contrast, in the control side with orthodontic tooth
movement alone, this compression in the limited areas of the
periodontal membrane inhibits vascular circulation and cell
differentiation, causing vascular and cellular degradation which
lasted for several days. Tooth movement slows down, resulting in
the clinical manifestation of a delay period, until resorption of the
hyalinized tissue and adjacent alveolar bone was achieved by bone
marrow osteoclastic precursors recruited to the periphery of the
necrotic periodontal ligament."”*""*'* Histological studies suggest
that the duration of this lag phase usually lasts two to three weeks
but may take as long as ten weeks."*"”’

In the present study, hyalinized tissues were found not only
during the phase of arrest but also during the acceleration phase
at the 28" day in the control sides. Histological findings from a
study done by lino et al.” shows that hyalinization was only
observable at 1 week on the experimental side in comparison to the
sham side, wherein hyalinization can be seen from 1 to 4 weeks
after corticotomy, which are consistent with the findings of our
study. This suggests that the development and removal of necrotic
tissue is a continuous remodeling process during tooth
displacement rather than a single event.'*

Hyalinization is caused by anatomic and mechanical factors
and is unavoidable even with light orthodontic forces. However,
they appeared earlier and are more extensive if higher forces are
applied,” though there seems to be no clinical significance for
bodily tooth movement as in the present study. This may be
explained by the fact that forces are more equally distributed during
translation than during tipping, which reduces the risk of
hyalinization™ and encourages direct bone resorption as seen on the
control sides at 14 days.

Bone repair occurs by different specific mechanisms primarily
dependent on the biophysical environment. In this case, bone repair
occurs by primary healing. A different process of direct bone
healing called gap healing has been observed in gaps less than 800
um. to Imm. Here, the fracture site fills directly by

intramembranous bone formation, before undergoing secondary
bone reconstruction.* Although the various repair processes used
different normal cells and tissues, the eventual bone synthesis is
always mediated by the surface and mesenchymal osteoblasts and
through the woven and lamellar matrix conformations that
eventually restores the tissue to its original physical and
mechanical properties, influenced by a variety of systemic and
local factors™

A week following surgery, the incision gap was hemorrhagic
and filled with inflammatory cells that infiltrates the bone. This
results in the formation of a soft granulation tissue, ingrowth of
vascular tissue and migration of mesenchymal cells into the site of
injury.SS.QS

During the repair stage two weeks after the injury, some of the
necrotic bones were resorbed by osteoclasts, and fibroblasts laid
down a connective layer of stroma that helped support the vascular
ingrowth. Collagen matrix was laid down as it progressed, while
osteoid was secreted and woven bones were produced. This was
characterized an irregular trabecular formation that filled in the
gaps at the end of four weeks. In the remodeling phase, this process
may occur over months to years and consists of restoring the gap to
the point of no indication as to where the fracture or injury was
located. "

Cats are largely-solitary species and have not developed the
complex visual signalling that is typical of species that have had a
long evolutionary history of social living. As a result, lacking
signals for avoiding conflict such as appeasement, and post-
conflict mechanisms such as reconciliation, they do not form
distinct dominance hierarchies. Hence, cats were housed
individually in order to avoid aggressive encounters with each
other."

Adult cats ranging between 1 to 6 years old were chosen for the
study. This age is comparable with late adolescence to adulthood in
human beings."*" Studies have shown that the biological
possibilities for tooth movement is delayed in adult patients due to
the decreased proliferative activity in the periodontal ligament
and alveolar bone**""'** These contributed to the longer treatment
duration  caused by a delay in the initial response during
orthodontic treatment.”** Corticision was thus utilized to
facilitate orthodontic tooth movement and to overcome some
shortcomings of conventional orthodontic treatment.

As reported by Debbane'” in 1958, cats are excellent animals
for experiments in orthodontic research. The experimental subjects
used in the study proved to be quite satisfactory.”**"* The shape and
accessibility of the cat's teeth facilitated the placement and
manipulation of the canine retracting appliances, as well as
minimized the interferences with orthodontic tooth movement that
are normally present because occlusion were negligible in cats.
This lack of canine interdigitation, and wide spaces mesial and
distal to the maxillary canines facilitated bodily movement of these
teeth.

A downside in using these experimental subjects for research
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purposes is the difficulty in accurately determining the age of the
cats. The researcher and the veterinary surgeons have to rely on
approximations based on the clinical, dental and behavioural
changes observed in the animals. Further difficulty was
encountered by the researcher in handling some of the cats, due to
their unpredictable response. A wide range of individual responses
were being exhibited by the experimental subjects for almost two
weeks, following insertion of the orthodontic appliances. Some
cats appeared passive, reluctant to move and preferred to sleep.
Others, sought after human affection, while a few actually avoided
being petted and became aggressive when orthodontic
manipulations were carried out. These behavioural changes could
be triggered by pain from orthodontic tooth movement or
discomfort from having a foreign object inside the oral cavity.

One week after appliance insertion, weight decrease was
immediately noticeable. Discomfort from the orthodontic
appliances and forces applied to the teeth could be factors
contributing to the weight loss. Canker sores located in the
mucobuccal fold areas were also evident in almost all subjects. The
decline in weights continued until the second week before it
gradually improved and stabilized on the fourth week, as the
subjects became accustomed to the appliance and food intake
resumed back to normal. Weights at the end of the experimental
period were almost comparable to their baseline measurements,
and were even higher for some. The observed reduction of more
than 10% body weight in one of the subject was probably due to
individual differences in the level of pain tolerance.

Evaluation of results from human studies had shown that
varying degrees of adaptation to pain and discomfort occurred
during the first 3 to 7 days after placement of orthodontic
appliances and separators.**'” There is no doubt that the perception
of orthodontic pain is part of an inflammatory reaction causing
changes in the blood flow of the periodontal ligament resulting in
the release of various chemical mediators (e.g., prostaglandins,
cytokines) that elicits a hyperalgaesic response following the
application of orthodontic forces.'” At this time, no objective data
exist that describe the severity of postoperative pain following
surgical procedures (e.g., corticision, segmental corticotomy and
piezocision). On the basis of the few case reports available, patient
only described of minor discomfort."*"'**

All appliances were checked daily, which remained intact and
in good condition, until the end of the experiment. The only
exception was with the first two subjects, in which four of the
buccal tubes were debonded a few hours after the experimental
subjects gained consciousness from general anaesthesia. The
animals probably felt discomfort from having a foreign object
inside the mouth and tried to remove it with their paws. The
appliances were reinstalled the following day, new measurements
were obtained and protective collars were placed. In order to allow
some degree of comfort to the cats, the use of protective collars was
notincluded in the original decision.

The combination of surgical-orthodontic therapy clearly
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increases the rate of tooth movement and this can be use as an
adjunct during the initial leveling and alignment stage or during
space closure following premolar extractions.'”'® However, a
negative aspect of the corticision procedure is the extensive
hammering involved in performing the cortical incisions. For some
patients, this might appear too aggressive. In addition, benign
paroxysmal positional vertigo and dizziness had been reported
following the use of hammer and chisel in the maxilla.'”
Nevertheless, orthodontic treatment was accelerated. It is assumed
by the researcher that this reduction in the duration of treatment
time would increase the acceptability of orthodontic treatment for
adult patients who would otherwise decline therapy.

CONCLUSIONS

Corticision with and without tooth mobilization resulted in a
significantly higher rate of canine retraction by approximately 34%
and 40% as compared to the control sides on day 7. On the other
hand, the corticision with periodic mobilization group resulted in a
4.5% higher rate of tooth movement as compared to corticision
alone on day 7, but is not significantly different. The rate observed
between the control groups showed no significant difference at all
time interval.

For the histologic findings, presence of osteoclastic activity
can be seen as early as 7 days on the pressure side of the corticision
with tooth mobilization group. Higher osteoblastic activity was
detected on the tension side of both Experimental Groups as
compared to the Control Groups. Hyalinized tissues were observed
from days 7 to 28 in all groups. However, hyalinization was more
abundant in the Control Groups. This suggests that the
development and removal of necrotic tissue is a continuous
remodeling process during tooth displacement rather than a single
event.

This study suggests that the Corticision technique, with and
without periodic mobilization, in conjunction with traditional
orthodontic therapy is a promising procedure for accelerating
orthodontic treatment time. Although the sample size used in the
study were adequate, results from this study will still need to be
ascertained using a larger sample size before definitive conclusions
canbe made.

At this time, there are no data suggesting that any specific
depth and extent of corticision is considered superior in increasing
the rate of tooth movement. No data also exist that shows
immediate loading following surgical intervention is the best
treatment protocol.

Because the Corticision technique is a relatively new clinical
procedure, evidence presented in support of this was mostly based
on case report studies, which is considered weak evidence to
support the purported advantages. A long term controlled clinical
and histological studies are still needed to investigate status of the
periodontium, pulpal vitality, root resorption and especially post-
retention stability after treatment.



REFERENCES

1.
2

13.

14.

15.
16.

17.
18.
19.

20.
21.
22.
23.

24.

25.
26.

Wescott A. A Case of Irregularity. 1859. Dental Cosmos. 1(2):60-68.

Kole H. Surgical Operations on the Alveolar Ridge to Correct Occlusal
Abnormalities. 1959. Oral Surg Oral Med Oral Pathol. 12(5):515529.

Gantes B., Rathbun E., Anholm M. Effects on the Periodontium Following
Corticotomy-Facilitated Orthodontics. Case Reports. 1990. J Periodontol.
61(4):234238.

Chung K.R., Oh M.Y., Ko S.J. Corticotomy Assisted Orthodontics. 2001. J
Clin Orthod. 35(5):331339.

Bojrab D.G., Dumas J.E., Lahrman D.E. JCO Interviews Dr. David G. Bojrab,
Dr. James E. Dumas, and Don E. Lahrman on Surgical-Orthodontics. 1977. ]
Clin Orthod. 11(5):330-342.

Wilcko W.M., Wilcko T., Bouquot J.E., Ferguson D.J. Rapid Orthodontics
with Alveolar Reshaping: Two Case Reports of Decrowding. 2001. Int J Perio
Resto Dent. 21(1):919.

Yaffe A., Fine N., Binderman I. Regional Accelerated Phenomenon in the
Mandible Following Mucoperiosteal Flap Surgery. 1994. J Periodontol.
65(1):7983.

Kim SJ., Park Y.G., Kang S.G. Effects of Corticision on Paradental
Remodeling in Orthodontic Tooth Movement. 2009. Angle Orthod.
79(2):284291.

Bogoch E., Gschwend N., Rahn B., Moran E., Perren S. Healing of Cancellous
Bone Osteotomy in Rabbits Part I: Regulation of Bone Volume and the
Regional Acceleratory Phenomenon in Normal Bone. 1993. J Orthop Res.
11(2):285291.

Goldie R.S., King G.J. Root Resorption and Tooth Movement in
Orthodontically Treated, Calcium-Deficient, and Lactating Rats. 1984. Am J
Orthod. 85(5):424430.

Sebaoun J.D., Kantarci A., Turner J.W., Carvalho R.S., Dyke E.V., Ferguson
D.J. Modeling of Trabecular Bone and Lamina Dura Following Selective
Alveolar Decortication in Rats. 2008. J Periodontol. 79(9):1679-1688.

Von Bohl M., Kuijpers-Jagtman A.M. Hyalinization During Orthodontic
Tooth Movement: A Systematic Review on Tissue Reactions. 2009. Eur J
Orthod. 31(1):30-36.

Middleton, J., Jones M., Wilson A. The Role of the Periodontal Ligament in
Bone Modeling: The Initial Development of a Time-Dependent Finite Element
Model. 1996. Am J Orthod Dentofacial Orthop. 109(2):155162.

Bourauel C., Freudenreich D., Vollmer D., Kobe D., Drescher D., Jager A.
Simulation of Orthodontic Tooth Movements: A Comparison of Numerical
Models. 1999.J Orofac Orthop. 60(2):136151.

Masella R.S., Meister M. Current Concepts in the Biology of Orthodontic
Tooth Movement. 2006. Am J Orthod Dentofacial Orthop. 129(4):458-468.
Reitan K. Biomechanical Principles and Reactions. 1985. In: Graber T.M.,
Swain B.F., (Eds). Current Orthodontic Concepts and Techniques. 3" ed. St.
Louis: CV Mosby. 101192.

Baumrind S. A Reconsideration of the Propriety of the "Pressure Tension"
Hypothesis. 1969. Am J Dentof Orthoped. 55(1):12-22.

Sandstedt C. Einige Beitrdge zur Theorie der Zahn-regulierung. 1904. Nord
Tandl Tidskr. 5:236256.

Profitt W.R., Fields H.W. Jr., Sarver D.M. Chapter 9: The Biologic Basis of
Orthodontic Therapy. 2007. In: Contemporary Orthodontics, 4th ed. St. Louis:
Mosby, Inc. 331-358.

Edwards J.G. A Study of Periodontium During Orthodontic Rotation of Teeth.
1968. Am J Orthod. 54(6):441-461.

Reitan K. Some Factors Determining the Evaluation of Forces in
Orthodontics. 1957. Am J Orthod. 43(1):3245.

Reitan K. Effects of Force Magnitude and Direction of Tooth Movement on
Difterent Alveolar Types. 1964. Angle Orthod. 34(4):244255.

Burstone C.J. The Biomechanics of Tooth Movement. 1962. In: Kraus B.S.,
Riedel R.A. (Eds.). Vistas in Orthodontics. Philadelphia: Lea & Febiger. 197-
213.

Graber T.M., Vanarsdall R.L. Chapter 4: Application of Bioengineering to
Clinical Orthodontics. 2000. In: Orthodontics, Current Principles and
Techniques, 3" ed. St. Louis: Mosby, Inc. 259-292.

Roberts W.E., Goodwin W.C., Heiner S.R. Cellular Response to Orthodontic
Force. 1981. Dent Clin North Am. 25(1):3-17.

Davidovitch Z., Nicolay O.F., Ngan P., Shanfeld J. Neurotransmitters,
Cytokines and the Control of Alveolar Bone Remodeling in Orthodontics.
1988. Dent Clin North Am. 32(3):411-435.

217.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.
51.

52.

Stanfeld J., Jones J.L., Laster L., Davidovitch Z. Biochemical Aspects of
Orthodontic Tooth Movement. I. Cyclic-Nucleotide And Prostaglandin
Concentrations In Tissues Surrounding Orthodontically Treated Teeth In
Vivo. 1986. Am J Orthod Dentofacial Orthop. 90(2):139-148.

Wang L.L., Zhu H., Liang T. Changes of Transforming Growth Factor Beta 1
in Rat Periodontal Tissue During Orthodontic Tooth Movement. 2000. Clin J
Dental Res. 3(1):19-22.

Ren Y., Maltha J.C., Van't Hof M.A., Von Den Hoff J.W., Kuijpers-Jagtman
A.M., Zhang D. Cytokine Levels in Crevicular Fluid are Less Responsive to
Orthodontic Force in Adults than in Juveniles. 2002. J Clin Periodontol.
29(8):757-762.

Mitchell D.L., Boone R.M., Ferguson J.H. Correlation of Tooth Movement
with Variable Forces in the Cat. 1973. Angle Orthod. 43(2):154-161.

Schwartz A.M. Tissue Changes Incidental to Orthodontic Tooth Movement.
1932.IntJ Orthod. 18:331352.

Begg P.R. Begg Orthodontic Theory and Technique. 1965. Philadelphia, The
W.B. Saunders Company. 105-119.

Von B6hl M., Maltha J., Von den Hoff H., Kuijpers-Jagtman A.M. Changes in the
Periodontal Ligament After Experimental Tooth Movement Using High and
Low Continuous Forces in Beagle Dogs.2004. Angle Orthod. 74(1):16-25.
Fastlicht J. Adult Orthodontics. 1982.J Clin Orthod. 16(9):606-618.

BondJ.A. The Child versus the Adult. 1972. Dent Clin North Am. 16(3):401-412.
Melsen, B. Limitations in Adult Orthodontics. 1997. In: Current Controversies
in Orthodontics. Chicago: Quintessence. 147-180.

Abiko Y., Shimizu N., Yamaguchi M., Suzuki H., Takiguchi H. Effect of Aging
on Functional Changes of Periodontal Tissue Cells. 1998. Ann Periodontol.
3(1):350-369.

Oehmke M.J., Schramm C.R., Knolle E., Frickey N., Bernhart T., Ochmke
H.J. Age-Dependent Changes of the Periodontal Ligament in Rats. 2004.
Microsc Res Tech. 63(4):198202.

Kabasawa M., Ejiri S., Hanada K., Ozawa H. Effect of Age on Physiologic and
Mechanically Stressed Rat Alveolar Bone: A Cytologic and Histochemical
Study. 1996. Int J Adult Orthodon Orthognath Surg. 11(4):313-327.

Liu C.C., Baylink D.J., Wergedal J.E., Allenbach H.M., Sipe J. Pore Size
Measurements and Some Age-Related Changes in Human Alveolar Bone and
RatFemur. 1977.J Dent Res. 56(2):143-150.

Ren Y., Maltha J.C., Van't Hof M. A., Kuijpers-Jagtman A.M. Age Effect on
Orthodontic Tooth Movement in Rats. 2003. J Dent Res. 82(1):38-42.
DequekerJ., Remans J., Franssen R., Waes J. Aging Patterns of Trabecular and
Cortical Bone and Their Relationship. 1971. Calcif Tissue Res. 7(1): 23-30.
Havivi E., Reshef A., Schwartz A., Guggenheim K., Bernstein D.S., Hegsted
D.M., Stare F.J. Comparison of Metacarpal Bone Loss with Physical and
Chemical Characteristics of Vertebrae and Ribs. 1971. Isr J Med Sci.
7(9):1055-1062.

Harris E.F., Dyer G.S., Vaden J.L. Age Effects on Orthodontic Treatment:
Skeletodental Assessments from the Johnston Analysis. 1991. Am J Orthod
Dentofacial Orthop. 100(6):531-536.

Goz G. The Age Dependence of the Tissue Reaction in Tooth Movements.
1990. Fortschr Kieferorthop. 51(1):4-7.

Millera J.R., Davilab J.E., Hodgesc J.S., Tulkkid M.J., Vaydae P.M. Effect of
Surgical Denervation on Orthodontic Tooth Movement in Rats. 2007. Am J
Orthod Dentofacial Orthop. 131(5);620-626.

Kehoe M.J., Cohen S.M., Zarrinnia K., Cowan A. The Effect of
Acetaminophen, Ibuprofen, and Misoprostol on Prostaglandin E, Synthesis
and the Degree and Rate of Orthodontic Tooth Movement. 1996. Angle
Orthod. 66(5):339-350.

Narumiya S., Sugimoto Y., Ushikubi F. Prostanoid Receptors: Structures,
Properties, and Functions. 1999. Physiol. Rev. 79(4):1193-1226.

Stewart R.M., Fabian T.C., Mcginty M.P., Fabian M.J., Proctor K.G. Actions
of Prostaglandin E1 on Lipopolysaccharide-Evoked Responses In Vivo and In
Vitro Following Resuscitated Trauma. 1995. Shock. 3(4):307-14.

Goodson J.M., Mcclatchy K., Revell C. Prostaglandin Induced Resorption of
the Adult Rat Calvarium. 1974.J Dent Res. 53(3):670-677.

Yamasaki K., Miura F., Suda T. Prostaglandin as a Mediator of Bone
Resorption Induced by Experimental Tooth Movement in Rats. 1980. J Dent
Res. 59(10):1635-1642.

Samuelsson B. Leukotrienes: Mediators of Immediate Hypersensitivity
Reactions and Inflammation. 1983. Science. 220(4597):568-575.

17



53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.

66.
67.
68.
69.
70.

71.
72.

73.

74.

75.
76.
71.
78.

79.
80.
81.

82.

18

Tuncer B.S., Ozmeri¢ N., Tuncer C., Teoman L., Cakilc1 B., Yiicel A., Alpar
R., Balos K. Levels of Interleukin-8 During Tooth Movement. 2005. Angle
Orthod. 75(4):631-636.

Dinarello C.A. Proinflammatory Cytokines. 2000. Chest. 118(2):503-8.
Gowen M., Mundy G.R. Actions of Recombinant Interleukin-1. Interleukin-2 and
Interferon- on Bone Resorption In Vitro. 1986. J Immunol. 136(7):2478-2482.
Kishimoto T., Akira S., Taga T. Interleukin-6 and Its Receptor: A Paradigm for
Cytokines. 1992. Science. 258(5082):593597.

Zitnik R.J., Elias J.A. Interleukin-6 and the Lung. 1993. In Cytokines of the
Lung. J. Kelly,(ed.). Marcel Dekker, Inc. New York. 229280.

Hughes F.J., Howells G.L. Interleukin-6 Inhibits Bone Formation In Vitro.
1993. Bone Miner. 21(1):21-28.

Baggiolini M., Walz A., Kunkel S.L. Neutrophil-Activating Peptide-1/IL-8, A
Novel Cytokine that Activates Neutrophils. 1989. J Clin Invest.
84(4):10451049.

Rothe J., Gehr G., Loetscher H., Lesslauer W. Tumor Necrosis Factor
Receptors -Structure and Function. 1992. Immunol. Res. 11(2):81-90.

Tracey K.J., Cerami A. Tumor Necrosis Factor, Other Cytokines and Disease.
1993. Annu Rev Cell Biol. 9:317-343.

Saito S., Ngan P., Saito M.J., Lanese R., Shanfeld J., Davidovitch Z. Interactive
Effects Between Cytokines on PGE Production by Human Periodontal Ligament
Fibroblasts In Vitro. 1990. J Dent Res. 69(8):1456-1462.

Davidovitch Z. Tooth Movement. 1991. Crit Rev Oral Biol Med. 2(4):411-450.
Vieleck J., Lee T.H. Tumor Necrosis Factor, New Insights into the Molecular
Mechanisms of'its Actions. 1991. J Biol Chem. 266(12):7313-7316.
Rossomando E.F., Kennedy J.E., Hadjimichael J. Tumor Necrosis Factor
Alpha in Gingival Crevicular Fluid as a Possible Indicator of Periodontal
Disease in Humans. 1990. Arch Oral Biol. 35(6):431-434.

Lowney J.J., Norton L.A., Shafer D.M., Rossomando E.F. Orthodontic Forces
Increase Tumor Necrosis Factor Alpha in the Human Gingival Sulcus. 1995.
Am J Orthod Dentofacial Orthop. 108(5):519-524.

Ogasawara T., Yoshimine Y., Kiyoshima T., Kobayashi 1., Matsuo K.,
Akamine A., Sakai H. In Situ Expression of RANKL, RANK, Osteoprotegerin
and Cytokinesi Osteoclasts of Rat Periodontal Tissue. 2004. J Periodontal Res.
39(1):4249.

Roberts W.E., Huja S., Roberts J.A. Bone Modeling: Biomechanics,
Molecular, and Clinical Perspectives. 2004. Sem Orthod. 10(2):123-161.
Boyle W.J., Simonet W.S., Lacey D.L. Osteoclast Differentiation and
Activation. 2003. Nature. 423(6937):337-342.

Teitelbaum S.L. Bone Resorption by Osteoclasts. 2000. Science.
289(5484):1504-1508.

Karsenty G. The Complexities of Skeletal Biology. 2003. Nature.
423(6937):316-318.

Stejskal D., Bartek J., Pastorkova R., Ruzicka V., Oral 1., Horalik D.
Osteoprotegerin, RANK, RANKL. 2001. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub. 145(2):61-64.

Kartsogiannis V., Zhou H., Horwood N.J., Thomas R.J., Hards D.K., Quinn
J.M., Et AL Localization of RANKL (Receptor Activator Ofnf Kappa B
Ligand) Mrna and Protein in Skeletal and Extraskeletal Tissues. 1999. Bone.
25(5):525-534.

Shiotani A., Shibasaki Y., Sasaki T. Localization of Receptor Activator of
NF«kB Ligand, RANKL, in Periodontal Tissues During Experimental
Movement of Rat Molars. 2001. J Electron Microsc (Tokyo). 50(4):365-369.
Teitelbaum S.L., Ross F.P. Genetic Regulation of Osteoclast Development and
Function. 2003. Nat Rev Genet. 4:638-649.

Roodman G.D. Advances in Bone Biology: The Osteoclast. 1996. Endocr Rev.
17(4):308332.

Frost H.M. The Regional Acceleratory Phenomenon. 1981. Orthop Clin North
Am. 12:725-726.

Lee W., Karapetyan G., Moats R., Yamashita D.D., Moon H.B., Ferguson D.J.,
Yen S. Corticotomy-Osteotomy-Assisted Tooth Movement Microcts Differ.
2008.J DentRes. 87(9):861-867.

Frost H.M. The Biology of Fracture Healing. An Overview for Clinicians. Part
1I. 1989. Clin Orthop Relat Res. 248:294309.

Frost H.M. The Biology of Fracture Healing. An Overview for Clinicians. Part
1. 1989. Clin Orthop Relat Res. 248:283293.

Henrikson P.A. Periodontal Disease and Calcium Deficiency. An
Experimental Study in the Dog. 1968. Acta Odontol Scand. 26 (Suppl
50):1132.

Krook L., Lutwak L., Henrikson P.A., Kallfelz F., Hirsch C., Romanus B.,
Bélanger L.F., Marier J.R., Sheffy B.E. Reversibility of Nutritional

83.
84.
85.
86.

87.

88.

89.

90.

91.
92.

93.

94.
95.
96.
97.

98.
99.

100.

101.
102.

103.
104.
105.

106.
107.

108.

109.

110.

111.

Osteoporosis: Physicochemical Data on Bones from an Experimental Study in
Dogs. 1971.J Nutr. 101(2):233246.

Krook L., Whalen J.P.,, Lesser G.V., Berens D.L. Experimental Studies on
Osteoporosis. 1975. Methods Achiev Exp Pathol.7:72108.

Nyman S., Lindhe J., Ericsson 1. The Effect of Progressive Tooth Mobility on
Destructive Periodontitis in the Dog. 1978. J Clin Periodontol. 5(3):213-225.
Verna C., Zaffe D., Siciliani G. Histomorphometric Study of Bone Reactions
During Orthodontic Tooth Movements in Rats. 1999. Bone. 24(4):371-379.
Roberts W.E. Bone Tissue Interface. 1988. Int J Oral Implantol. 5(1):71-74.
Graber T.M., Vanarsdall R.L. In: Orthodontics: Current Principles And
Techniques; 3* ed.2000. St. Louis: Mosby, Inc.

Shapiro F. Bone Development and its Relation to Fracture Repair. The Role of
Mesenchymal Osteoblasts and Surface Osteoblasts. 2008. Eur Cells Mat.
15:53-76.

Williams M.O., Murphy N.C. Beyond the Ligament: A “Whole Bone”
Periodontal View of Dentofacial Orthopedics and Falsification of Universal
Alveolar Immutability. 2008. Sem Orthod. 14(4):246-259.

Parfitt A.M. Osteonal and Hemi- Osteonal Remodeling: The Spatial and
Temporal Framework for Signal Traffic in Adult Human Bone. 1994. J Cell
Biochem. 55(3):273-286.

Bonnick S.L. Bone Densitometry in Clinical Practice: Application and
Interpretation. 2010. 3 ed. Humana Press. 73-75.

Nguyen A.T. Masters Thesis: The Effects of Corticotomies on Mineral
Appostion Rate and Bone Density During Orthodontic Tooth Movement.
2008. Baylor College of Dentistry Texas A & M Health Science Center.

Perren S.M., Russenberger M., Steinemann S., Muller M.E., Allgower M. The
Reaction of Cortical Bone to Compression. 1969. Acta Orthop Scand
Suppl.125:19-30.

Perren S.M. Physical and Biological Aspects of Fracture Healing with Special
Reference to Internal Fixation. 1979. Clin Orthop Relat Res.138:175-196.
Schenk R., Willenegger H. The Histology of Primary Bone Repair. 1964.
Langenbecks Arch Klin Chir Ver Dtsch Z Chir. 308:440-452.

Burchardt H., Enneking W.F. Transplantation of Bone. 1978. Surg Clin North
Am. 58(2):403-427.

Depalma A F., Rothman R.H., Lewinnek G.E., Canale S.T. Anterior Interbody
Fusion for Severe Cervical Disc Degeneration. 1972. Surg Gynecol Obstet.
134(5):755-758.

Kalfas I.H. Principles of Bone Healing. 2001. Neurosurg Focus. 10(1):1-4.
Roblee R.D., Bolding S.L., Landers J.M. Surgically Facilitated Orthodontic
Therapy: A New Tool for Optimal Interdisciplinary Results. 2009. Compend
Contin Educ Dent. 30(5):264-275.

Oliveira D.D., De Oliveira B.F., Soares R.V. Alveolar Corticotomies in
Orthodontics: Indications and Effects on Tooth Movement. 2010. Dental Press
JOrthod. 15(4):144-157.

Cohn-Stock G. Die Chirurgische Immediatregulierung Der Kiefer. 1921. Vjschr
Zahnhk. 37:320.

Bichlmayr, A. Chirurgische Kieferothopaedie Und Das Verhalten Des
Knochens Und Der Wurzelspitzen Nach Derselben. 1931. Dtsch Zahnaerztl
Wschr. 34:835.

Hassan A.H., Al-Fraidi A.A., Al-Saeed S.H. Corticotomy-Assisted
Orthodontic Treatment: Review. 2010. Open Dent J. 4:159-164.
Ascher, F. Zur Spaetbehandlung Der Prognathie Des Oberkiefers. 1947.
Dtsch Zahnaerztl Z.2:218.

Suya H. Corticotomy in Orthodontics. 1991. In: Ho"SI E, Baldauf A, Eds.
Mechanical And Biological Basics In Orthodontic Therapy. Heidelberg,
Germany: Hu" Tlig Buch. 207226.

Diiker, J. Experimental Animal Research into Segmental Alveolar Movement
After Corticotomy.1975. J Maxillof Surg. 3(2):81-84.

lino S., Sakoda S., Miyawaki S. An Adult Bimaxillary Protrusion Treated with
Corticotomy-Facilitated Orthodontics and Titanium Miniplates. 2006. Angle
Orthod. 76(6):1074-1082.

Kwon H.J., Pihlstrom B., Waite D.E. Effects on the Periodontium of Vertical
Bone Cutting for Segmental Osteotomy. 1985. J Oral Maxillofac Surg.
43(12):952-955.

Dorfman H.S., Turvey T.A., Hill C. Alterations in Osseous Crestal Height
Following Interdental Osteotomies. 1979. Oral Surg Oral Med Oral Pathol.
48(2):120-125.

Ilizarov G.A. The Tension Stress Effect on the Genesis and Growth of Tissues.
PartI: The Influence of Stability of Fixation and Soft Tissue Preparation. 1989.
Clin Orthop Relat Res. 238:249-281.

Ilizarov GA. The Tension Stress Effect on the Genesis and Growth of Tissues.



112.
113.

114.
115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.
129.
130.

131.

132.

133.

134.

135.

Part II: The Influence of the Rate and Frequency of Distraction. 1989. Clin
Orthop Relat Res. 239:263-285.

Liou EJ., Huang C.S. Rapid Canine Retraction Through Distraction of the
Periodontal Ligament. 1998. AmJ Orthod Dentofac Orthop. 114 (4):  372-382.
Liou E.J. Distraction of the Periodontal Ligament: Rapid Canine Retraction.
2001. In: Samchukov M., Cope J., Editors. Craniofacial Distraction
Osteogenesis. Saint Louis: Mosby.

Bilodeau J.E. Case Report: Dental Distraction for an Adult Patient. 2003. Am J
Orthod Dentofacial Orthop. 123(6):683-689.

Dibart S., Sebaoun J.D., Surmenian J. Piezocision: A Minimally Invasive,
Periodontally Accelerated Orthodontic Tooth Movement Procedure. 2009.
Compend Contin Educ Dent. 30(6):342-350.

Vercellotti T., Nevins M.L., Kim D.M., Nevins M., Keisuke W., Schenk R.K.,
Fiorellini J.P. Osseous Response Following Respective Therapy with
Piezosurgery. 2005. Int J Periodontics Restorative Dent. 25(6):543-549.
Robiony M., Polini F., Costa F., Vercellotti T., Politi M. Piezoelectric Bone
Cutting In Multipiece Maxillary Osteotomies. 2004. J Oral Maxillofac Surg.
62(6):759-761.

Carlson, D.G. and Giffin, J.M. Appendix: Things to Know. 1995. In: Cat
Owner's Home Veterinary Handbook-Revised and Expanded Edition. Howell
Book House: 403-407.

Norsworthy G.D., Crystal M.A, Grace S.F. and Tilley L.P. Chapter 313: Age
Approximation by Lovelace, K.M. 2011. In: The Feline Patient, 4" ed. Wiley-
Blackwell. 933-936.

Davidovitch Z., Finkelson M.D., Steigman S, Shanfeld J.L., Montgomery
P.C., Korostoff E. Electric Currents, Bone Remodeling, and Orthodontic Tooth
Movement. 1. The Effect of Electric Currents on Periodontal Cyclic
Nucleotides. 1980. Am J Orthod. 77(1):14-32.

Hubrecht, R. and Kirkwood, J. Chapter 31: The Domestic Cats by McCune, S. 2010.
In: The UFAW Handbook on the Care and Management of Laboratory Animals and
Other Research Animals, 8thed. Wiley-Blackwell: 453-472.

Pilon, JJ.G.M., Kuijpers-Jagtman, A.M., Maltha, J.C. Magnitude of
Orthodontic Forces and Rate of Bodily Tooth Movement: An Experimental
Study in Beagle Dogs. 1996. Am J Orthod Dentofacial Orthop.110: 16-23.
lino S., Sakoda S., Ito G., Nishimori T., Ikeda T., Miyawaki S. Acceleration of
Orthodontic Tooth Movement by Alveolar Corticotomy in the Dog. 2007. Am
J Orthod Dentofacial Orthop. 131(4):448.e1-¢8.

Sanjideh P.A, Rossouw P.E., Campbell P.M., Opperman L.A., Buschang P.H.
Tooth Movements in Foxhounds After One or Two Alveolar Corticotomies.
2010. EurJ Orthod. 32(1):106-113.

Wang L., Lee W., Lei D.L., Liu Y.P,, Yamashita D.D., Yen S.L.. Tissue
Responses in Corticotomy- and Osteotomy-Assisted Tooth Movements in
Rats: Histology and Immunostaining. 2009. Am J Orthod Dentofacial Orthop.
136(6):770.el-el1.

Teixeira C.C., Khoo E., Tran J., Chartres 1., Liu Y., Thant L.M., Khabensky I.,
Gart L.P.,, Cisneros G. and Alikhani M. Cytokine Expression and Accelerated
Tooth Movement. 2010.J Dent Res. 89(10):1135-1141.

Reitan K. Biomechanical Principles and Reactions. 1985. In Graber T.M.,
Swain B.F. (Eds). Orthodontics: Current Principles and Techniques, 1" ed. St
Louis, Mosby.

Reitan K., Kvam E. Comparative Behavior of Human and Animal Tissue
During Experimental Tooth Movement. 1971. Angle Orthod. 41(1):1-14.
Frost H.M. The Regional Acceleratory Phenomenon: A Review. 1983. Henry
FordHospMedJ.31(1):39.

Mostafa Y.A., Fayed M.M., Mehanni S., EIBokle N.N., Heider A.M. Comparison
of Corticotomy-Facilitated vs. Standard Tooth-Movement Techniques in Dogs
with Miniscrews as Anchor Units. 2009. Am J Orthod Dentofacial Orthop.
136(4):570-577.

Hajji S.S. The Influence of Accelerated Osteogenic Response on Mandibular
De- Crowding [Thesis]. 2000. St Louis: St Louis Univ.

RenA.,LvT., ZhaoB., ChenY., Bai D. Rapid Orthodontic Tooth Movement Aided
by Alveolar Surgery in Beagles.2007.Am J Orthod Dentofacial
Orthop.131(2):160.e1-10.

Verna C., Dalstra M., Lee T.C., Cattaneo P.M., Melsen B. Microcracks in the
Alveolar Bone Following Orthodontic Tooth Movement: A Morphological
and Morphometric Study. 2004. Eur J Orthod. 26(5):459-467.

Hazenberg J.G., Freeley M., Foran E., Lee T.C., Taylor D. Microdamage: A Cell
Transducing Mechanism Based on Ruptured Osteocyte Processes. 2006. J
Biomech. 39(11):2096-103.

Wilcko WM., Ferguson D.J., BouguotJ.E., Wilcko M. T. Rapid Orthodontic Decrowding
with AlveolarAugmentation: Case Report. 2003. World J Orthod. 4(3):197205.

136.

137.

138.

139.

140.

141.

142.
143.
144.

145.

146.

147.

148.

149.
150.
151.

152.
153.

154.
155.
156.

157.

158.
159.

160.
161.

162.

Aljhani A.S., Aldrees A.M. Orthodontic Treatment of an Anterior Openbite with the
Aidof Corticotomy Procedure: Case Report. 2011. Saudi DentJ. 23(2):99-106.

Cho K.W.,,Cho S.W.,Oh C.O., Ryu Y.K., Ohshima H., Jung H.S. The Effect of Cortical
Activationon Orthodontic Tooth Movement. 2007. Oral Dis. 13(3):314-319.

Schilling T., Muller M., Minne H.W., Ziegler R. Influence of Inflammation-
Mediated Osteopenia on the Regional Acceleratory Phenomenon and the
Systemic Acceleratory Phenomenon During the Healing of a Bone Defect in
the Rat. 1998. Calcif Tissue Int. 63(2):160-166.

Roberts, W.E., Klinger, E., and Mozsary, P.G. Circadian Rhythm of Mechanically
Mediated Differentiation of Osteoblasts, 1984. Calcified Tissue Int. 36 Suppl
1:562-S66.

Berglundh, T., Lindhe, J. and Sterrett, J.D. Clinical and Structural
Characteristics of Periodontal Tissues in Young and Old Dogs. 1991. J Clin
Periodontol. 18(8):616623.

Graber T.M., Vanarsdall R.L. Chapter 2: Tissue Reactions in Orthodontics.
2000. In: Orthodontics: Current Principles and Techniques; 3“ ed.St. Louis
Mosby,Inc.117-191.

Bellows, J. Chapter 3: Radiology. 2010. In: Feline Dentistry, Oral Assessment,
Treatmentand Preventive Care. Willey-Blackwell. 39-83.

Van der Velden, U. Effect of Age on the Periodontium.1984.J Clin
Periodontol.11(5):281294.

Krishnan V., Davidovitch Z. Cellular, Molecular, and Tissue Level Reactions
to Orthodontic Force. 2006. Am J Orthod Dentofacial Orthop. 129(4):469.
el.e32.

Rody W.J., King G.J., Gu G. Osteoclast Recruitment to Sites of Compression
in Orthodontic Tooth Movement. 2001. Am J Orthod Dentofacial Orthop.
120(5):477489.

Kohno T., Matsumoto Y., Kanno Z., Warita H., Soma K. Experimental Tooth
Movement Under Light Orthodontic Forces: Rates of Tooth Movement and
Changes of the Periodontium. 2002. J of Orthod. 29(2):129-135.

Rygh P. Ultrastructural Changes in the Pressure Zones of Human
Periodontium Incident to Orthodontic Tooth Movement. 1973. Acta Odont
Scand. 31(2):109-122.

Griffon, D. J. Fracture Healing. 2005. In: Johnson, A. L., Houlton J. E. F., Vannini R.
AOQO Principles of Fracture Management in the Dog and Cat. Diibendorf,
Switzerland AO Publishing. 7397.

Animal Environment, Housing, and Management. 1996. In: Guide for the
Care and Use of Laboratory Animals. National Academy Press: 21-55.

Reitan K. Tissue Reaction as Related to the Age Factor. 1954. Dent Rec.
74:271-278.

Kyomen S., Tanne K. Influences of Aging Changes in Proliferative Rate of
PDL Cells During Experimental Tooth Movement In Rats. 1997. Angle
Orthod 67(1):67-72.

Jéger A. Histomorphometric Study of Age Related Changes in Remodeling
Activity of Human Desmodontal Bone. 1996.J Ana.189(Pt2):257-264.
Debbane, E. F. A Cephalometric and Histologic Study of the Effect of
Orthodontic Expansion of the Midpalatal Suture of the Cat. 1958. Am. J.
Orthod. 44(3);187-219.

Hermanson P.C. Alveolar Bone Remodeling Incident to Tooth Movement. 1972.
AngleOrthod.42(2): 107-115.

Aslihan M., Erding E., Dinger B. Perception of Pain During Orthodontic
Treatment with Fixed Appliances. 2004. Eur J Orthod. 26(1):79-85.

Jones M., Chan C. The Pain and Discomfort Experienced During Orthodontic
Treatment: A Randomized Controlled Clinical Trial of Two Initial Aligning Arch
Wires. 1992. Am J Orthod Dentofacial Orthop. 102(4):373-381.

Sergl H.G., Klages U., Zentner A. Pain and Discomfort During Orthodontic
Treatment: Causative Factors and Effects on Compliance. 1998. Am J Orthod
Dentofacial Orthop. 114(6):684-91.

Bergius M., Berggren U., Kiliaridis S. Experience of Pain During an Orthodontic
Procedure. 2002. Eur J Oral Sci. 110(2):92-98.

Bergius M, Broberg AG, Hakeberg M, Berggren U. Prediction of Prolonged Pain
Experiences During Orthodontic Treatment. 2008. Am J Orthod Dentofacial
Orthop.133(3):339.e1-¢8.

Krishnan V. Orthodontic Pain: From Causes to Management - A Review. 2007.
EurJ Orthod. 29(2):170-179.

Hassan A.H., AlGhamdi A.T., Al-Fraidi A.A., Al-Hubail A. and Hajrassy M.K.
Unilateral Crossbite Treated by Corticotomy-Assisted Expansion: Two Case
Reports. Head Face Med. 2010. 19;6:6.

Oliveira D.D., De Oliveira B.F., De Aratjo Brito H.H., De Souza M.M.G.,
Medeiros P.J. Selective Alveolar Corticotomy to Intrude Overerupted Molars.
2008. Am J Orthod Dentofacial Orthop. 133(6):902-908.

19



THE PHILIPPINE JOURNAL OF ORTHODONTICS

163.

164.
165.

20

Dibart S., Sebaoun J.D., Surmenian J. Piezocision: A Minimally Invasive,
Periodontally Accelerated Orthodontic Tooth Movement Procedure. 2009.
Compend Contin Educ Dent. 30(6):342-350.

Keser E.L, Dibart S. Piezocision-Assisted Invisalign Treatment. 2011. Compend
Contin Educ Dent. 32(2):46-51.

Franchi L., Baccetti T., Camporesi M., Lupoli M. Maxillary Arch Changes During
Leveling and Aligning with Fixed Appliances and Low Friction Ligatures. 2006. Am J
Orthod Dentofacial Orthop.130(1):88-91.

166. TagawaD.From Goodto Great. 2006. Clinical Impressions. 15(1):4-9.

167. Penarrocha-Diago M., Rambla-Ferrer J., Perez V., Pérez-Garrigues H.
Benign Paroxysmal Vertigo Secondary to Placement of Maxillary Implants
Using the Alveolar Expansion Technique with Osteotomes: A Study of 4
Cases. 2008. Int J Oral Maxillofac Implants. 23(1):129-132.



Re-establishing a Physiologic Vertical Dimension
for an Overclosed Patient

Derek Mahony, Specialist Orthodontist, BDS(Syd) MScOrth(Lon) DOrth RCS(Edin) MDOrth
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Derek Mahony has spoken to thousands of practitioners about the benefits of early interceptive orthodontic
treatment. His lectures are based on the positive impact that the combined fixed and functional appliance
treatment approach has had on his orthodontic results and the benefits this philosophy provides from a

practice management viewpoint.

He has been seeing an average of 250 patients a week for the past decade and has gained a vast amount of
experience, which he takes great joy in sharing with his students. His stimulating, step-by-step approach has
been featured in keynote presentations at leading Orthodontic meetings, including the International
Orthodontic Summit, the International Association of Orthodontics, and the American Association of

Orthodontics Sessions.

Introduction

The term neuromuscular occlusion has become associated
with certain limited methodologies that are used to obtain a muscle-
compatible occlusal relationship. In reality, there are several
different approaches that can be used to determine a
"neuromuscular" maxillo-mandibular relationship, even with a
fully edentulous case. Within each method, however, the common
basis for all muscle-oriented approaches involves first determining
the resting length of the masticatory muscles.

Historically, opening the bite has been considered hazardous
and/or foolhardy by many dentists and with good reason. Arbitrary
opening of the bite, especially when accomplished strictly on an
articulator, can result in a difficult, uncomfortable and
unappreciative patient. Some dentists have recommended against
ever opening a bite, perhaps after an especially troublesome
experience with a patient.

In spite of the risks, there are some advantages associated with
opening an over-closed bite. The identification can be traced back at
least 70 years to an ENT physician, Dr. J. B. Costen.”” Dr. Costen
discovered, perhaps quite by accident after referring many of his
symptomatic, edentulous patients to a local dentist for new
dentures, that many returned with their head and ear pain symptoms
greatly relieved. His publications were positively received at the
time and, in fact, what we refer to today as temporomandibular
disorders (TMDs) were originally referred to as "Costen's
Syndrome." While we know today that many TMD patients are not
over-closed, over-closed patients do often exhibit some of the signs
and symptoms commonly associated with TMD. Thus, although
over-closure in and of itself is not pathognomonic of TMD, it
should be considered as arisk factor.

The use of the patient's own muscles to determine the vertical
dimension of occlusion was already being explored in the 1940s by
people like orthodontist John R. Thompson.* Sears” introduced the
concept of the "Pivot Appliance” in the 1950s, which was designed
to open the bite enough to allow the patient's muscles to reposition

the mandible. Following their lead, others™® have subsequently

evolved the current array of neuromuscular registration methods
presently in use. At the same time several studies™™ have
demonstrated that a muscle-determined position, although similar,
isnotidentical to centric relation.

Common Signs and Symptoms of Over-closure

When asked, over-closed patients often report symptoms such
as frequent headaches, dull pain of the elevator muscles and pain or
stiffness in their neck muscles. Ear stuffiness, tinnitus and/or
vertigo are also commonly reported. A more subtle symptom, less
often reported, is frequent gastrointestinal distress in various forms
that has no clear, identifiable cause. This may also be accompanied
by a report of difficulty in chewing and/or swallowing. An
overclosed patient will usually report several, but not all, of the
following symptoms.

1. Frequent headaches with no identifiable cause

2. Ear stuffiness with no indication of ear pathology
3. Difficulty in chewing tough foods

4. Difficulty or discomfort in swallowing

5. Frequent gastrointestinal distress

6. Vertigo

7. Tinnitus

8. Persistent dull pain in masticatory elevator muscles
9. Neck pain or stiftness

10. Possible increased wear of incisor teeth

Under examination, a number of signs indicating over-closure
may appear. These include; 1) a measured freeway space greater
than 3 mm, 2) EMG or visual identification of a tongue-thrust
swallow, 3) the appearance of less than fully erupted molars, 4) a
deep curve of Spee, 5) one or more posterior edentulous spaces,
6) lingually tipped mandibular molars, 7) EMG identification of
elevator muscle hyperactivity at rest of more than 2.0 microvolts
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average (or 2.2 microvolts RMS), 8) worn and shortened teeth
(there is no scientific evidence that human teeth "grow out" in
response to wear in the way that elephant's teeth do), 9) horizontal
skin creasing and saliva weeping at the corners of the mouth, 10) a
so-called "Shimbashi" measurement (in centric occlusion) of less
than 16 mm from the cemento-enamel junction of the maxillary
central incisor to the cemento-enamel junction of its opposing
mandibular tooth and 11) long-term chronic internal derangement
of the TM Joint(s). However, patients rarely seek dental treatment
for any of these objective signs. Instead, they are more likely to
seek rehabilitative treatment for headache, jaw-ache, ear-ache,
difficulty in chewing/swallowing or for purely esthetic reasons. In
other cases they are unaware of their condition, apparently due to
their excellent adaptability. In the over-closed patient the “reason”
for treatment, either cosmetic or functional, is often dependent
more on his/her individual adaptability than on the dental
conditions present. ~While some signs simply indicate the
“progress of the destruction” that a pathological maxillo-
mandibular relationship fosters, other signs may indicate a
successful adaptation.

1. Freeway space > 3 mm [if pain level is low, it is an
adaptation, otherwise it is not]

2. Tongue thrust swallow [if full arch tongue thrust, usually a
successful compensation]

3. The appearance of less than fully erupted molars [tongue
inhibition of natural eruption]

4. A deep curve of Spee [often associated with one or more
missing molars or a deep anterior overbite with
retroclined upper incisors]

5. One or more posterior edentulous spaces [leads to deep
curve of Spee]

6. Lingually tipped posterior teeth [tongue thrust during
swallow, restricted maxillary arch]

7. Hyperactivity of elevator muscles at "rest." [an adaptation,
successful if no elevator muscle pain]

8. Worn/short teeth, abfractions (ground off) [not a
successful adaptation]

9. Skin creasing at corners of mouth [may appear as
aesthetic problem only, not an adaptation]

10. Saliva weeping at corners of mouth [an esthetic and
functional problem, not an adaptation]

11. CEJ (cemento-enamel junction) to CEJ in C.O. < 16 mm.
[less than the normal adaptive range]

12. Internal derangement(s) of the TMJ [if no degeneration,
may be a successful adaptation]

Macxillo-mandibular Bite Relationships
Centric Occlusion (CO = habitual)

The maxillo-mandibular position of maximum intercuspation
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is most often the dental treatment position, primarily by default.
This is of necessity whenever single tooth preparations or small
restorations are involved, since they must fit within the patients
existing occlusal scheme. It is only at times of major
reconstructive, orthodontic and/or surgical treatments that the
option of opening a bite or establishing a new maxillo-mandibular
relation may present itself. However, many clinicians still prefer to
"play it safe" and retain the existing habitual (CO) maxillo-
mandibular relationship, even during major rehabilitative
procedures. By definition, the use of centric occlusion as a
treatment position excludes re-establishing a proper vertical
dimension in an over-closed patient. However, if the patients
condition is actively deteriorating this may not be a safe option at
all, as the continued physiologic breakdown may lead to failed
dentistry and/or a flair up of craniofacial pain.

Centric Relation (CR)

The concept of centric relation has a very long history and was
originally devised, at least in part, to accommodate the use of
articulators during prosthodontic treatment. Although we now
know that the jaw doesn't function like a hinge, originally it was
convenient to make that assumption when using articulators to
make prostheses. Today, one clear difference between centric
relation procedures and strictly muscle-oriented methodologies is
the priority given by CR methods to evaluating the function of the
temporomandibular joints. Typically, centric relation operators
give first priority to establishing stable joint function, while
muscle-oriented (neuromuscular) approaches tend to focus almost
exclusively on muscle comfort.

Muscle-related Centric (MC)

In general, muscle-oriented approaches consider joint position
and/or stability secondary to muscle function. In the extreme, it is
simply assumed that creating "happy muscles" will automatically
provide good or at least adequate joint function. Ina more practical
view, both joint function and muscle function are seriously
evaluated and, when indicated, a compromise is sought to provide
both joint and muscle compatibility. This represents an approach
that bridges the gap between strict CR and rigid MC approaches.
Consequently, a variety of methods have evolved to capture and
establish a muscle-related centric position, while maintaining
favorable joint function.

The requirements of proper Neuromuscular Occlusion (NMO)

The first step in all approaches to NMO requires inducing
relaxation in the masticatory musculature, however, there is no
rational excuse for not evaluating TM joint function prior to
beginning the process. This can be accomplished quickly and
easily with Joint Vibration Analysis (JVA see figure 1.), or with



more expensive and invasive imaging such as MRI. Muscle
relaxation can be aided by Ultra-Low Frequency TENS (ULF-
TENS, see Figure 2.), an Aqualizer, soft music or any other
technique that reduces the resting hyperactivity of the masticatory
muscles. Surface electromyography (see figure 3.) is useful for
making a quantitative determination whether relaxation has
occurred or whether resting muscle hyperactivity still exists.

Figure 1. BioJVA* testing for
normal TM joints

Figure 2. BioTENS,* a ULF TENS
unit used for muscle relaxation

Needles and/or fine wire electrodes not only make relaxation less
likely, they record a more localized signal that is less representative
of overall muscle activity. However, needle EMG electrodes are
required when one is seeking to differentiate a myopathy from a
neuropathy. Using the relaxed rest position of the mandible, with
respect to the maxilla as a reference, a clinician can select a vertical
dimension that allows adequate freeway space, yet avoids over-
closing the bite. There are several methods currently used for
selecting the treatment vertical. Each has its own rationale and
advantages, but all of them benefit from objective diagnostic aids to
ensure the best compromise between optimum joint, muscle, and
tooth function.

Several muscle-oriented bite registration techniques
The Wax Swallow Bite Registration

A physiologic, muscle-oriented, vertical dimension can be
obtained by means of the swallowing reflex technique originally
proposed by the late Dr. Willie May. Currently, the wax swallow
bite technique, developed by James Carlson, is a simple, direct
close approximation of a muscle-related bite registration. Small
pillars of soft wax are placed on the first molars, then the patient is
instructed to swallow several times. Subsequently, fast-curing
impression material is injected around the arch to firmly establish

the maxillo-mandibular relationship. Since humans swallow
thousands of times per day, it has been proposed that the swallow
position should be compatible with the musculature. This
technique is recommended only after verification of good TM joint
function with Joint Vibration Analysis or MRI.

Figure 3. BioEMG II* for monitoring rest
position and testing muscle function against
the new bite

The ULF-TENS Bite Registration

Ultra-low Frequency TENS, originally conceived by Bernard
Jankelson, is often used to relax the masticatory muscles. It can
also be used to determine a bite registration position, sometimes
referred to as myo-centric. After a patient has been "pulsed" for
relaxation, usually for about 40 minutes, bite registration material
(a quick-cure acrylic) is placed over the mandibular occlusal
surfaces and the ULF-TENS is re-applied to "close" the mandible
about 1 - 2 mm above the rest position. During this procedure the
vertical dimension is usually monitored with a mechanic's inside
calipers between marks on the chin and nose. There is a definite
“technique sensitivity” to this procedure such that different
operators tend to produce slightly to greatly different results.
However, once the skill is developed, an operator may produce
good consistency. These classic TENS bites ignored the TM joints
function in the past, but this should no longer be the case. A final
outcome with healthy TMJ's and muscles is our goal today.

The Phonetic Bite Registration

As with the previously described muscle-oriented methods,
this one begins with muscle relaxation. Then the patient is
instructed to speak specific sounds while the anterior teeth are
observed by the clinician. Based on the positions assumed by the
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teeth with specific phonetics, the clinician recognizes the vertical
and antero-posterior requirements and records the position,
typically also with impression material. Admittedly, this technique
requires subjective clinical judgment and the development of a skill
without any objective support.

The EMG Bite Registration

To enhance the precision with which one can determine the
optimum muscle-related position, some practitioners recommend
monitoring the activity of the masseter, temporalis and anterior
digastric muscles electromyographically. Since the electrical
muscle output levels involved are just a few microvolts, this
measurement requires a high common mode noise rejection
amplifier. After relaxation has been verified
electromyographically, the patient is instructed to open very
gradually until the digastrics show a slight increase in activity (e.g.
0.5 microvolts average). This establishes the limit to which
opening the bite is permissible and is typically used as a position for
constructing removable orthodontic appliances. Similar tests are
done for closing or repositioning the bite antero-posteriorly while
monitoring the elevator muscles. The concept is to find the
superior, inferior, anterior and posterior limits of muscle resting.
Then the new bite position is selected within these limits. The exact
relation chosen may be dependent on many factors, such as clinical

Figure 4. JT-3D* Jaw Tracker used together
with EMG to monitor a bite registration

findings and the clinician's best judgment. With this technique it is
also possible to evaluate functional activity of the musculature with
the bite registration in place to further evaluate the appropriateness
ofthe new maxillo-mandibular relation.

The Instrument Monitored Bite Registration

To maximize the precision with which one can determine the
bite registration position, clinicians can actively monitor the
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position of the mandible using a magnetic jaw tracker while
simultaneously recording EMG activity. After the muscles are
relaxed, a recording is made of the movement from rest to centric
occlusion, light tapping in CO and protrusive guidance. Next, the
registration position is selected and targeted on the computer
screen. The treatment position chosen can reflect all of the
information available regarding the patient's current condition.
Finally, the registration material is placed in the mouth and the
patient is instructed to close into it while the position of the
mandible and the muscle activities are monitored on the computer
screen. (Figure5). Thisallows the clinician to immediately see the
three dimensional relationship between the old centric occlusal
position and the new bite position. The saved recording can be
recalled later and utilized to evaluate an appliance, provisional
restorations or the prosthesis at try-in.

Predicting a patient's response to correcting overclosure

The question is often asked, “How quickly will a patient adapt
to a new bite registration?” Even though the object is to “correct” a
mal-relationship of the mandible to the maxilla, the patient's
current relationship still has familiarity. The new relationship, no
matter how “perfectly” established, will seem strange to the patient
at first. There are many factors that influence a patient's adaptation
to a new maxillo-mandibular relation. It is possible to estimate a
patient's response by considering the following factors:

1. The age of the patient [younger = more adaptive, older =
less adaptive]

2. The amount of the change [a big change is more difficult to
adapt to than a small change]

3. The duration of the overclosed condition [a long-standing
condition will be more difficult to “de-program” than one
of'short duration]

4. The quality of bilateral TM joint function [good joint
function makes adaptation easier]

5. Anoverclosed bite, due to developmental abnormalities (if
caught early) can be corrected easily and with rapid
adaptation by the patient [children are much more adaptive]

6. Overclosure resulting from parafunction typically
coincides with a strong, healthy musculature.
Strong, healthy muscles make adaptation easier, but
require a treatment plan to protect the restored occlusion
from destructive parafunctional forces.

7. An overclosed bite due to caries, loss of teeth, etc. without
evidence of parafunction, typically coincides with a weak
musculature, making adaptation difficult. This is very
often the case with complete removable prosthetics.

Summary

Overclosure is a common condition among patients seeking
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Figure 5. The position of the bite registration and the levels of muscle
activity, are simultaneously visible in this combined EMG and jaw tracking
recording. The vertical dimension is increased 2.5 millimeters, the freeway
space isreduced from4.1 mmto 1.6 mm.

restorative and/or orthodontic rehabilitation. By evaluating the
patient for common signs and symptoms associated with
overclosure, one can determine the need for re-establishing a
physiologic vertical dimension. Opening of the bite can be
accomplished in a number of ways by following specific
guidelines. The use of objective diagnostic aids are extremely
helpful by allowing the clinician to optimize TMJ and craniofacial
muscle function at the new VDO. The correction of the vertical
dimension during a rehabilitative procedure should result in
enhanced comfort and improved function in the finished case.
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The central feature of the lower third of the face is the lips. Lips are used in speech and during
articulation of sounds. Lip position can influence the subjective perception of the face and
orthodontic tooth movement can influence lip position. The primary objective of the study was to
determine a general preference on lip profile among Filipinos.

Sixteen (16) lip profile silhouettes (8 males and 8 females) with Class | angle occlusion,
complete set of permanent teeth with no crowding, no history of orthodontic treatment and
craniofacial anomalies, were used. A total of 492 respondents (49 Orthodontic students (group1)
and 455 Filipino respondents (group?2) following inclusion and exclusion criteria set in the study
were selected and asked to answer the questionnaire.

Statistical treatment with the use of regression and ANOVA found that gender, orthodontic
students, dental students and patients of orthodontic department did not affect the preference on
lip profile. The preference on the lip profile among Filipinos is of 0.6mm difference when
compared to American Board of Orthodontics standard E-line.

The preferred lip position of the Filipinos is of smaller numerical value compared to the
established Standard ABO value. A probable reason for the small difference is that Filipinos
generally have shorter nose as compared to Caucasians.

INTRODUCTION:

The face is divided into three parts, namely: the upper third of
the face, the middle third of the face and the lower third of the face;
with the lower one third comprising the lips. Lips are visible parts
of the face: soft, movable, and serve as the opening for food intake.
Lip position can be influenced by orthodontic tooth movement. It
can influence the subjective perception of facial attractiveness. In
the last century there have been a gradual increase in lip

prominence among models and currently, lip augmentation
procedures have become common in esthetic plastic surgery.
Universal standard Cephalometric measurements have been
established by the American Board of Orthodontics (ABO) to
achieve an ideal facial profile. However, this does not always
address the patients' preference for lip position. Preference is
highly subjective and this may not always be in accord with the
established standard of a facial profile, specifically, the lip position.
With the increasing patient participation in treatment plans, it is
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important to consider the patient's preference in setting goals. The
purpose of this study was to determine the most preferred lip
position of Filipinos.

MATERIAL AND METHODS

The researcher utilized a survey research design as a primary
method in evaluating the general lip profile preference among
Filipinos in terms of esthetics.

The informed Consent and Interview Questionnaire

An informed consent was given to each subject. Each of them
undergone history taking and thorough clinical examination to
exclude any abnormalities or malformations.

Three-page (3) questionnaire with the silhouettes of lip
position were used to determine the respondents' preference on the
lip position. The first page contain the informed consent which
contains the name of the researcher, the title and objective of the
study, the signature of the research second page included detailed
information regarding the age, gender, and profession of the
respondents, the third page the eight male and eight female
silhouette lip position. They were asked to choose their preferred
lip position among the male and female silhouettes.

Selection of the Lip Position Silhouette

Eighty seven (87) people were given consent and were
interviewed. Forty eight (48) participants with less than 75% Filipino
race of their grandparents and were not 18 to 30 years old with
missing teeth, with history of orthodontic treatment, splint, retainers,
expanders, dental prosthesis, orthognathic surgery, plastic surgery,
trauma particularly the orofacial region, temporo-mandibular pain
and or disease, medical condition that would affect growth of the
mandible and maxilla, systemic syndromes and craniofacial
anomalies were excluded, leaving Thirty nine (39) participants.

Mouth examinations of the remaining Thirty nine (39) Filipino
participants were done at the Post Graduate clinic of University of the
East, Manila by the principal investigator. Twenty one (21) Filipino
participants with severe crowding, Class II and Class III canine and
molar relationship (according to angle classification) unilateral or
bilateral with convex or concave profile were excluded, leaving
Eighteen (18) Filipino participants.

The remaining Eighteen (18) Filipino participants were
evaluated and only sixteen (16) participants (8 males and § females)
were chosen to have their Cephalometric radiographs taken at Post
graduate clinic of University of the East, Manila. The participants
were all Filipino of 18 to 30 years old with no less than 75 % Filipino
race of their grandparents, with straight profile, class I angle
occlusion (both canine and molar bilaterally), with minor or no
crowding, all teeth are present except third molars with fully erupted
teeth.
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Cephalometric Analysis and Construction of the Lip Profile
Silhouettes

Cephalometric tracing of the films were performed at the
University of the East, Post Graduate clinic, Manila by the principal
investigator. Six Cephalometric tracing for each films of the
subjects were performed by the principal investigator. The six (6)
Cephalometric tracing were measured (upper and lower lip line
relative to E-line) and the tracing with the measurement of highest
frequency was chosen (one for each Cephalometric film) and were
scanned (Canoscan Lide 25, Korea). To determine the error during
tracing, retracing and remeasuring of the films were performed in
one week interval and were computed using Dahlberg's method.

Questionnaire

Three-page (3) questionnaire with the first page containing the
informed consent with the title and objective of the study, the
confidentiality of the study, the request for the cooperation of the
respondents in completing the form, the name of the researcher, the
approval and signature of the respondents. The second page
included detailed information regarding the age, gender,
citizenship, ethnic background, place of birth and course or
profession of the respondents. It also contains the ethnic
background and Filipino percentage of the respondent's parents and
grandparents. The third page contains an illustration of the lip
position photo and silhouette, and an instruction. It contain sixteen
(16) lip profile silhouettes (8 males and 8 females) and the
respondents were asked to choose one for male and one for female
their preferred lip position preferences among the silhouettes. We
measure the E-line and were used as a primary reference line to
construct the lip profile since it is one of the most commonly used
by orthodontists. We placed the silhouettes in a random manner for
each gender to allow allowed individuals to make assessments of
each silhouette individually.

Selection of Sample Respondents

One thousand (1,000), three-page questionnaires were
prepared and distributed.  One hundred sixty two (162)
questionnaires were not returned. Forty two (42) questionnaires
that were returned with missing information were excluded. Three
hundred four (304) questionnaires with less than 75% Filipino race
of their grandparents and are not 18 to 30 years old were excluded,
leaving Four hundred ninety two (492) respondents (49 Group 1
respondents and Group 2 respondents). The Group 2 participants
were all Filipino of 18 to 30 years old with no less than 75 %
Filipino race oftheir grandparents.

Three (3) pages questionnaires which contains the informed
consent, the aims of the study and sixteen (16) silhouettes of lip
position (8 males and 8 females) were given to the participants, who
were divided into two groups:



Group 1: Forty nine (49) Orthodontic students (26 males
and 23 females) of University of the East, Graduate
school, enrolled in the school year 2010 to 2011.
The mean age of'this group was 29 years old, range
23to 52 years old.

Filipino respondents: Twelve (12) Orthodontic
students (5 males and 7 females) of University of the
East, Graduate school, enrolled in the school year
2010 to 2011. The mean age of this group was 26
years old, range 23 to 30 years old. And Two
hundred seventy three (273) Dental students (101
males and 172 females) of University of the East,
College of Dentistry, enrolled in the school year
2010 to 2011. The mean age of this group was 20
years old, range 18 to 29 years old. One hundred
seventy (170) Orthodontic patients (46 males and
124 females) of University of the East, Post
Graduate clinic, during the second semester of
school year 2010 to 2011. The mean age of this
group was 21 years old, range 18 to 30 years old.

Four hundred ninety two (492) total sample respondents were
gathered. (group 1: Forty nine (49) Orthodontic students of
University of the East, Manila, group 2: Four hundred fifty five
(455) Filipino Orthodontic students, Dentistry students and
Orthodontic patients of University of the East, second semester of
school year 2010 to 2011. The mean age of this group was 21 years
old, range 18 to 52 years old.

Descriptive statistics (means and standard deviation) were
calculated using SPSS program version 16.0. The results were
tabulated. The difference between the total Filipino respondents
(Group 2: Filipino orthodontic students, dental students and
patients of orthodontic patients age 18-30 years old) of University
of the East, Manila), gender and the differences between the two
groups (Group 1: orthodontic students, Group 2: Filipino
orthodontic students, dental students and patients of orthodontic
patients age 18-30 years old) of University of the East, Manila were
compared using Regression and Analysis of variance (ANOVA).

Group 2:
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Fig. 1. Lip profile silhouettes of Filipinos used in the study

Table 1. Preferred Lip Profile by 455 Filipino Respondents and 49 Orthodontic Students.

R value Fvalue Pvalue
Group 1 002 690 219
Gender 587

P<.05; P<.0I; P<.001

RESULTS

The statistical treatment used was regression and ANOVA to
determine if gender, orthodontic students, dental students and
patients of orthodontic department would affect lip profile
preference. The following tables and graphs' show the frequency
distribution of the respondents according to their variables:

General Preference for Lip Profile among Filipinos

Graph 1 shows Lip Profile F8 (upper lip line measurement of -
3.5mm and lower lip line of -1.5mm relative to E-line) is the most
preferred with a frequency value of 170; followed by M4 (upper lip
line measurement of -1mm and lower lip line of +3mm relative to
E-line) with frequency value of 99. The least pleasing lip profile is
M1 (upper lip line measurement of +0.5mm and lower lip line of
+6mm relative to E-line) with a value of 17.

Statistical Analysis of the Variables

Table 1 shows the following values when comparing variables
using Regression and Analysis of variance (ANOVA). There was
no significant difference between the genders, and among 455
Filipino respondents namely: orthodontic students, dental students
and patients of orthodontic department) when compared to 49
orthodontic students.

Interpretation:

The statistical treatment for the study was done by doing
multiple linear regression and analysis of variance (ANOVA) to
determine whether gender, 49 orthodontic students (Group 1) and
455 Filipino respondents (Group 2: Filipino orthodontic, dental
students and patients of orthodontic department), would affect the
preference on lip profile.

The value R-square at 0.002 means the regression equation fits
relatively poor in the scatter diagram of the data.

The significance level associated with the computed
probabilities of the constant, gender, and group and at 0.000, 0.587
0.219 and 0.832, respectively reveals that none of the independent
variables are predictors since their computed probabilities are
higher than the critical probability of 0.05 or its complementary
confidence level 0f 95%.
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Graph 1. Frequency Distribution of Graph 2. Frequency Distribution
455 Filipino Respondents (Filipino of 49 Orthodontic students
orthodontic and dental students

The F-value of 0.697 means the mean square of the residuals is
relatively lower than the regression factors. Only 0.2% of the
observations fall along the regression equation in the norm plot.

When comparing Group 1 from Group 2, p=0.219 meaning
that there is no significant difference between the 2 groups in their
lip position preference since their P value is higher than 0.05.
Orthodontic students perception on the lip position does not
differed from the perception of Filipino respondents.

DISCUSSION

Lips have played an important role in physical and social status
of an individual in different ethnic groups. In certain ethnic groups
in Africa and in North America, females stretch their lower lip using
wooden or clay plates called “sigaro”. The plate's size symbolizes
social maturity and a sign that she has reached child-bearing age, as
for them “The bigger the lip, the smoother the dowry negotiations
between the two families”. In the ancient history of China at about
5,000 years ago, the beauty of a woman's lips had already been paid
special attention. During that time, women believed that by
highlighting their lips during religious occasions they would please
their Gods. At present, people realized that by highlighting their
lips it could lift up one's spirit and sometimes even could reveal
one's social status.

In the last century there has been a gradual increase in the lip
prominence among models. In the study of Auger and Turley
(1999) there appears to be a trend for models to have increasingly
fuller lips during the last century among the Caucasians. This
study was proven by Sutter and Turley (1998), where they use
profile photographs and measured them and concluded that fuller
lips was seen in Caucasian models than in their control groups.

However, as a result of the aging process, lips become thinner
and less well defined. Currently, several procedures have been
established that can provide fuller lips. Orthodontic tooth
movement can also affect lip positions as stated by Lu in 2010.
According to Riedel in 1950 to properly improve the lip position, a
patient with convex profiles is recommended to finish with upright
incisors and for patient with straight profiles the incisors may be
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Graph 4. Frequency Distribution of
303 Filipino Female Respondents

Graph 3. Frequency Distribution of
152 Filipino Male Respondents

allowed greater procumbency. Moseling et al (2004) stated that lip
curvature with extraction or with non-extraction was highly
variable and highly related to soft tissue morphology. According to
the study of Brock et al (2005) they found that there was a greater
lip response in white females than black females when they did
incisor retraction and they concluded that lower lip response to
incisor retraction was more predictable than the upper lip.

Different preference of the lip position among different
nationalities was shown by several studies. According to Coleman
etal (2007) they found that for extreme retrognathic and prognathis
profiles a fuller lip positions were preferred whereas for average
profiles a more retrusive lip positions were preferred. loi et al
(2008) use series of silhouettes with varying lip profiles
investigated perceptions of Korean and Japanese and concluded
that young Korean and Japanese adults prefer a retruded profile,
even though their profiles have historically been characterized by
more convex facial features. On the contrary, Nomura et al (2004)
took different ethnic groups of judges of European American,
Hispanic American, Japanese, and African and asked them to
evaluate profile silhouettes. They concluded that African judges
preferred more protrusive lips while the other groups of judges
preferred lip positions posterior to the E-line, with more retruded
lip for males than females.

Studies have been performed on the preferences of lip position
among the American, European and other Asian countries but no
studies have attempted to compare and quantify the preference of
soft-tissue lip position among Filipino respondents and
Orthodontic students using lip position profile silhouettes of
Filipinos. The objective of the study was to determine the preferred
lip position of Filipinos and to compare the preferences among
genders and among Filipino orthodontic students, Filipino dental
students and Filipino orthodontic patients of University of the East,
Manila.

The target population of this study was students and patients of
University of the East, Manila. Additional population in the
northern and southern parts of the Philippines (Northern part of
Luzon, Visayas and Mindanao) may present a better outcome of
this study. Unfortunately, due to the financial limitation of the



study, it was not feasible to travel further and recruit more
respondents. For future research, ideally more stimulus faces and
more respondents should be used, but this will also increase the
time and effort to complete any evaluation and may reduce
respondent's cooperation.

Filipino samples age 18 to 30 years old (8 males, 8 females)
with straight profile, class I angle occlusion, with minor or no
crowding, all teeth are present except third molars with fully
erupted teeth were the inclusion criteria for the selection of the
silhouette lip profile. Filipinos with history of orthodontic
treatment, splint, retainers, expanders, dental prosthesis,
orthognathic surgery, plastic surgery, trauma particularly the
orofacial region, temporo-mandibular pain and or disease, medical
condition that would affect growth of the mandible and maxilla,
systemic syndromes and craniofacial anomalies, were excluded.
These exclusion criteria would prevent any facial irregularities of
the subjects in this study.

Sixteen (16) Silhouettes of lip profile (8males and 8 females)
were used as a mean of stimulus presentation. According to
Wuerpel (1981) the advantage of using silhouettes is it removes
many extrinsic (hair, make-up) and intrinsic (complexion of the
skin, facial expression) factors that may influence the perception of
an individual's concept of beauty. On the other hand, Howells and
Shaw (1985) stated that photographs provide valid, reproducible,
and visual representation of additional facial component but with
the disadvantage of subjective variables such as perception bias.
The silhouette lip position profiles were gathered using the criteria
mentioned above.

Straightforward method was used to evaluate the preferred lip
position among Filipinos. We use two groups of respondents,
which are the Group 1: Forty nine (49) Orthodontic students of
University of the East, Graduate School, and Group 2: Four
hundred fifty five (455) Filipino respondents which include
Filipino orthodontic students, Filipino dental students and Filipino
orthodontic patients of University of the East, Manila, to determine
and compare their preferred lip position. The silhouettes were
distributed among the sample respondents by means of
questionnaire. The sample respondents of the study were asked to
choose their preferred lip profile among the silhouettes. After one
(1) to three (3) days the questionnaires were collected. Results
were computed using Regression and Analysis of variance
(ANOVA) to determine the lip position preference among
Filipinos.

In this study when comparing the results between Filipino
males and females revealed no significant difference on the lip
position preference as observed. As stated in the study of Abu
Arqoub and Al-Khateeb (2010) they concluded that gender did not
influence attractiveness rankings in the perception of profile
attractiveness. De Smit and Dermaut (1984) and Cortez (2011)
found that gender has no significance in the choice of an esthetic
soft tissue profile. This indicates a similar standard for lip position
in terms of esthetics between genders.

When comparing Filipino respondents and Orthodontic
students, the study showed no significant difference on the lip
position preference among them. In the study of De Smit and
Dermaut (1984) and Dongieux (1980) concluded that there was no
significant difference in the profile preference between
Orthodontists and lay people. Cortez (2011) also found that
orthodontic knowledge had no significant effect on esthetic
preference. This shows a similar preference on the lip profile
between professionals and the general public.

As for the preference in the lip position among Filipinos, it was
confirmed that the Filipino subjects preferred a lip position of -
3.5mm for the upper lip and -1.5mm for lower lip relative to ABO
Standard E-line. Comparing these values to the ABO Standard E-
line which is -4mm for upper lip and -2mm for lower lip that was
used in this study, a difference of 0.5mm in the measurement was
observed. A probable reason for the small difference is that
Filipinos generally have shorter nose as compared to Caucasians.

Attractiveness has long been a topic for research. The
perception of an attractive face is very subjective and can be
influenced by different factors such as age, gender, ethnicity,
culture and personality of an individual.

The American Board of Orthodontics has established a
universal Cephalometric measurement to achieve an ideal facial
profile which includes the lip profile. However, this does not
always address the patient's preference for lip position. Preference
is highly subjective and this may not be always in accord with the
established standard measurement.

CONCLUSION

In conclusion, we have confirmed that Filipinos prefer a lip
position of -3.5mm for the upper lip and lower lip line of -1.5mm
relative to E-line. Comparing these values to the ABO Standard E-
line (-4mm for upper lip and -2mm for lower lip) that was used in
this study, a difference of 0.5mm in the measurement was observed.
From this we can conclude that the preferred lip position of the
Filipinos is of smaller numerical value compared to the established
Standard ABO value. A probable reason for the small difference is
that Filipinos generally have shorter nose as compared to
Caucasians.

When comparing the results between males and females, we
found out that there was no significant difference on the lip position
preference. Also no significant difference was observed with the
results among the total Filipino respondents (Group 2: Filipino
Orthodontic students, Dental student, and Orthodontic patients of
university of the East, Manila). Moreover, no significant
difference on the lip position preference between the orthodontic
students (Group 1) and the Filipino respondents (Group 2).
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INTRODUCTION

Recent developments in mechanotherapy & changes in
concepts have reduced the need for extraction in several types of
discrepancies”. Management of borderline cases has always
surmounted controversies. An estimated 25-30% of all orthodontic
patients can be benefited from maxillary expansion, and 95% of
class II cases can be improved by molar rotation, distalization &
expansion”. The emergence of various modalities of molar
distalization has given new meaning to the non-extraction
treatment. These appliances have increased our treatment options
and have evolved considerably over the past few years.

With the recent trend towards more non-extraction treatment,
several appliances have been advocated to distalize molars in the
upper arch. Certain principles, as outlined by Burstone” must be
borne in mind when designing such an appliance"”:

Magnitude of forces

Magnitude of moments

Moment-to-force ratio

Constancy of forces and moments

Bracket friction (frictionless appliances are preferable)
Ease of use

Cost

The distal movement of the maxillary molars for the correction
of a Class II malocclusion without extractions; to establish a class I
molar relationship, requires maxillary molar distalization by means
of intraoral or extra-oral forces”. The premolars & canine are then
sequentially moved posteriorly to class I positions, & finally the
incisors are aligned &/or retracted”.

An ideal intraoral molar-distalization appliance should meet
the following criteria:

®  Minimal need for patient compliance

®  Acceptable esthetics and comfort

® Minimal loss of anterior anchorage (proclination of the
incisors)

® Bodily movement of molars to avoid unstable results

®  Minimal chair time for placement and reactivations"”.
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Two areas of particular concern are molar tipping and anterior
movement of the anchorage teeth. If the first molar is tipped back
rather than moved bodily, it will not only pose occlusal problems,
but may not provide sufficient anchorage for distalizing the teeth
anterior to it”. Unless a supplemental force system is used to
provide a movement that torques the root distally, a significant
amount of anchorage may be lost as the molar relapses to an upright
position®.

INDICATIONS

Controversy reigns supreme over the molar distalization.
Careful selection of case is therefore mandatory. It is not that molar
distalization is tooth movement of choice in all malocclusions. The
extraction of first premolars is much the common most line of
orthodontic treatment. However in certain reasonably well defined
instances, the distal movement of upper buccal segments is the
mechanical treatment of choice. The indications for the distal
movement of upper buccal segment are described.

1. Long distal bases: Short dental bases where stacking of
unerupted molars in the tuberosity region seen
radiographically may be observed as a symptom of
crowding.

2. Buccal segment relationship: Ideally for upper molar
distalization the buccal segment relationship should be
slightly post-normal

3. Minimal crowding or Spacing Anteriorly: Such cases
with minimal crowding or spaces anteriorly respond well to
distal movement of buccal segments as extractions in the
anterior segment may leave residual spacing after
treatment.

4. Well aligned lower arch: This is an important prerequisite
for distal movement of upper molars; providing other
factors are favorable. The distal molar movement in the
upper arch will achieve a class I molar relation and the
anterior teeth will also be in class [ relation.

5. Overjet reduction not indicated: The cases in which
prognosis for full overjet reduction is not good;
pretreatment naso-labial angle is within normal range 90°-



110°. Therefore extraction of premolars is contraindicated
distal movement with or without extraction of upper second
molars is the treatment of choice.

6. Mesially inclined upper first molars: For successful
distalization of upper buccal segments with removable
appliance, upper first permanent molars should be mesially
inclined. In such cases distalization is rapid if it coincides
with a growth spurt.

OTHER CONSIDERATIONS FOR MOLAR DISTALIZATION

1. Growth pattern: Cases showing unfavorable or vertical
growth tendency are contraindicated for distal movements
of upper buccal segments as it acts as a wedge between
maxillaand mandible.

2. Degree of Overbite: Distal movement of upper buccal
segments is associated with spontaneous reduction in the
overbite. This advantage in deep overbite cases is howevera
disadvantage in Class I1I cases and open bite cases.

3. Second Molar: Unerupted second molars rarely create
resistance to the distal movement of the maxillary first
molars. Indeed even they move distally in response to
moving first molar Poulton (1959), Worms et al. (1973)”
noted that erupted second molars contact with first molars
created a resistance to distal movement. This, in effect
altered the position of centre of resistance of the first molar.
If the force is applied distally through the centre of
resistance of first molar, it should produce translation, but
the resistance produce by the erupted second molar crown
enforces a rotational moment and the first molar crown tilts
distally although the first permanent molars may on
occasions be moved distally in the present of an erupted
second molar Armstrong (1971) suggests that this
movement be complete before the eruption of second
permanent molar. Alternatively Graber (1969) "” suggest
second molar extraction to facilitate distalization of the
maxillary molars in selected class II division I malocclusion
cases.

4. Age of the patient: An important factor, affecting even
patients whom the headgear force is of sufficient magnitude
and duration, is the dental age of the patient. Dewel (1967)
and Hass (1970) observed faster rate of molar distalization
in patients in mixed dentition to those in the adult dentition.
This is probably as Armstrong observed that the skeletal
system of younger patient is apparently more dynamic,
possessing a greater capacity to remodel.

5. Presence of other force system: A force system applied for
distalization of first molars may be negated or augmented
but the presence of other force system like intraoral or
elastics, arch wires, efc. For example, presence of a tip back
bend in the arch wire mesial to the molar requires a greater
compensational distal root rotation force to cause

distalization of first molar by attention be made to antero-
posterior, vertical and lateral force vectors being employed.

DISADVANTAGES

Molar distalization has its own set of disadvantages. These are
associated with the appliance itself, undesireable reciprocal
dentoalveolar or skeletal side effects, and patient compliance
needs.

Intraorally the appliance may be bulky. It may need good lab
support. It requires high level of skill. The appliances may have to
be activated frequently, which increases the chair time and the
number of patient visits to the clinic.

Most appliances deliver predominantly tipping movement but
the true molar distalization aims at a bodily movement. Distalization
can cause impaction of third molars. Molar distalization is most
appropriate before the eruption of second and third molars.

Molar extrusion may occur, which may increase the Frankfort
mandibular plane angle. The appliance shows anchorage loss,
which leads to reciprocal anterior segment proclination.
Orthodontic implants may be considered to decrease the anchorage
loss. Implant placement and removal surgery is then incorporated
in the treatment plan. It also increases the treatment cost. Implant
failure may also be a complication in some cases.

INTRA-ORAL APPLIANCES
1. Pendulum Appliance and its modification
Pendulum Appliance

The pendulum appliance was first described by Hilgers in
1992. This intraoral appliance seems to satisfy most of the
requirements of an ideal molar distalization appliance. The
appliance derives its name from its broad swinging arc motion,
like a pendulum in motion of the force is exerted from the
midline of the palate to the upper molars.

Fabrication of the appliance:
The appliance can be considered in two parts:
i) Active components

This is made by right and left pendulum springs, formed
from 0.032 inch TMA wire. The spring extends from as
close to the centre of palate as possible to maximize their
range of action, to allow easier insertion of springs in to
molar palatal sheaths and to reduce force to an acceptable
range. These springs should also be placed as close to distal
aspects of Nance button as possible to minimize tongue
irritation during swallowing.
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ii) The anchor component

It consists of an acrylic Nance button with a retaining
wire, soldered to first premolar or first deciduous molar
bands. Occlusally bonded rests on the upper second bicuspids
or second deciduous molars add even more stability to the
Nance button. The acrylic Nance button should be made as
large as possible to prevent any tissue impingement. 'The
acrylic should extend to about Smm away from the teeth to
allow adequate hygiene.

In cases requiring simultaneous or otherwise expansion of
the upper arch, a mid-palatal jackscrew can be incorporated
into the centre of Nance button. This version of the appliance
iscalled as "Pend-X"".

Various modifications of Pendulum appliances
A. Fixed Palatal Expander"”

Snodgrass (1996) introduced this appliance that
incorporates the maxillary expansion, molar rotation &
distalization at the same time. This appliance reduces the
treatment time.

B. M Pendulum

Modified Pendulum appliance was introduced by
Scuzzo G et al. (1999). The horizontal loops are inverted
to allow bodily distalization of molars. The pre-
activation given prior to intraoral placement is also 40 to
45 degree rather than 60 degree as in conventional or
Hilger's Pendulum appliance.

C. Modified Pendulum with removable arms""”

This modification of the appliance given by Scuzzo
G et al. (2000), the active arms or springs are made
removable. This allows to carry distalization of molars as
long as necessary as the arms can be removed and
reactivated during treatment without debonding the
occlusal rests of Nance button.

D. Franzulum Appliance "”

Buyoff, Darendeliler and stuff (2000) introduced a
pendulum based to appliance, which can distalize
mandibular molars without the drawbacks of other
appliances.

E. Bone anchored pendulum appliance”’

Byloff et al. (2006) designed the Graz implant-

supported pendulum appliance. The anchorage part of
this appliance consisted of a surgical plate fixed with
four titanium mini screws to the palatal bone. The acrylic
part of the pendulum appliance was fitted to the
cylinders, soldered to the center of the surgical plate, on
the basis of a telescopic principle. They used this
appliance in adult patients.

Clinical effects of pendulum appliance

The pendulum appliance, a non-compliance intra-arch
distal molar movement technique which exhibit excellent
patient tolerance and is quite effective and reliable method
for distalizing maxillary molars. The data gathered from
various studies suggest that using the pendulum appliance,
the maxillary first molars move distally at a monthly rate of
1.02 mm (+0.68 mm) using an initial force of 200 to 250
grams in a mean period of 4 months (Byloff and
Darendeliler, 1997) with a mean anterior movement of
incisors of only 0.74 mm. The Pendulum appliance causes
insignificant skeletal effects with only significant effect
being increase in lower facial height by 2.79 mm (Ghosh
and Nanda, 1996)"*".

The Pendulum appliance for maxillary molar
distalization seems to be effective for moderate dental
sagittal discrepancy and arch length deficiency. It does not
have any corrective skeletal effect and one should never use
the Pendulum appliance alone as a tool to treat skeletal
Class.

2. Three dimensional biometric distalizing arch and three

dimensional mandibular lingual arch **"”

Wilson (1978) introduced the concept of modular
orthodontics and he method of rapid molar distalization
which is one aspect of modular orthodontics. Maxillary
molars and buccal segment are distalized with the
distalizing arch and 3D mandibular lingual arch and class II
elastics.

The Wilson's biometric distalizing arch has a 0.020
anterior section and an 0.045 posterior section that fits into
the headgear tube. A 5 mm long, 0.040X 0.010 open coils
are compressed by an omega loop. The resulting force
moves the maxillary first molars distally. The reciprocal
anterior force on the incisors is offset by class II elastic.
Distal movement occurs rapidly with this system, which
essentially puts the entire mandibular arch which is
stationed with a heavy rectangular wire and the six
maxillary anterior teeth against the maxillary first molars.



3. Lingual Distalizer system

(18)

A Lingual Distalizer system has been developed by
Carano Aldo, A. Mauro and Siciliani Giuseppe in 1996
to distalize the maxillary ears with minimum drawbacks of
other appliance available till then.

The active components of Lingual Distalizer are two
bilateral mm tubes connected to a Nance appliance. A
bayonet wire is inserted to the lingual sheath of first molar
bands. On the tube there is stainless steel coil spring and a
clamp.

The clamp can slide towards the molar and can be
tightened periodically in order to compress the coil. The
force exerted by the spring begins at 150 gms, and increase
as space is opened. Consequently, the Lingual Distalizer is
activated by sliding the clamp closer to the molar once a
month. The rate of movement with the clamp closer to the
molar once a month the ate of molar movement with the
lingual distalizer were 3-5 mm in 4 months Carano A et al.
(1996)"" and is equal to magnets or jones jig but neither
tipping nor rotation was observed.

4. K-loop molar distalizer ©’

The appliance based on Burstone's principles was
designed by Dr. Varun Kalra (1995) to achieve bodily
movement or controlled or uncontrolled tipping of molars
as required by the case. An efficient, yet simple appliance
causes first molar distalization without much loss of
anchorage even after the eruption of second molars.

Parts of appliance

The appliance consists of an active part the K-Loop
provide force and moments and an anchorage unit, a
Nance button.

The K-Loop is made 0f 0.017 X 0.025 inch TMA wire.
Each loop of K should be 8 mm long and 1.5 mm wide
the legs of K are bent down 20 degrees and inserted in to
the molar tube and premolar bracket. Stops are bent in
the wire 1 mm distal to distal mark and 1 m mesial to
mesial mark. Each stop should be well defined and about
1.5 mm long.

The legs are bent down to an angulations of about 20
degrees which helps in counteracting the moments
created by the force of the appliance, These allows the
molars to undergo translatory movement instead of
tipping. Root movement continues even after the force
has dissipated.

The reactivation is done by opening each loop by Imm
and opening the legs of K loop to restore 20-degree bend.

5. C-spaceregainer'”

To overcome the drawback of incisor flaring caused
by equal and opposite to mesial force exerted by various
intraoral methods of molar distalization, a removable
appliance "c-space regainer” was introduced by Chung,
Park and Ko (2000) of Korea. Though the newly
introduced appliance needs a more comprehensive study
before any firm conclusions about treatment effects can
be drawn still in appropriately selected cases it appears
that C-space regainer is a viable method of molar
distalization.

(20)

6. First Class appliance

The appliance was designed by Fortini A, Lupoli M
and Parri M (1999) of Italy for unilateral or bilateral
distalization of maxillary first molars. The First Class
appliance requires laboratory construction and has two
components involved namely vestibular and palatal
components. The wvestibular component includes
formative screws soldered on the buccal of first molar
bands occlusal to 0.022-inch X 0.028-inch single tube.
Split rings are welded to second premolar or second
deciduous molar bands to control vestibular screws.
Stops screws are used to maintain molar position after
active treatment.

The appliance so formed has a range of 4 to § mm of
molar distalization with a time of 28 to 95 days. The
appliance design limits tipping on molar during
distalization and does not cause anterior anchorage loss
or changes in vertical dimensions. The appliance can be
left in place as an anchorage unit to maintain the space
after distalization.

7. Distal Jet Appliance

The Distal Jet is a fixed lingual appliance that can
produce lateral or bilateral molar distalization typically
in 4 to 9 months out relying on patient compliance. The
Distal Jet was introduced by Aldo A and Testa M (1996)
@V of Italy. The appliance permits ultaneous use of full
bonded appliances, thus avoiding the need for phases of
treatment. The rate of molar movement is comparable to
that reported with magnets and the Jones Jig, but is
achieved without tipping or rotation. The anterior
anchorage units remain stable, while the distalization
occurred through bodily translation. The advantage is
that it can be converted into a passive Nance appliance,
so that the molars can be held in place as the anterior
teeth are distalized.

The Distal Jet is relatively easy to insert, is well
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9. Nickel titanium Double Loop System

tolerated and esthetic, and requires no patient
cooperation. It can be used for either unilateral or
bilateral Class II correction.

Modifications of Distal Jet
A. Conversion to Nance holding arch *

Besides the proposed method converting the
Distal Jet into a Nance holding arch to prevent
further distal movement and relapse of the molar,
an alternative method is to wrap an 0.0 14 inch
stainless steel ligature wire around the distal end of
double — back wire and tie it around the tube just
mesial to the activation collar so that the coil spring
is completely compressed and set-screw tightened
to prevent mesial movement of the molar.

B. Double set screw Distal Jet

This modification incorporates use of two sets of
screw into the activation collar for a more reliable
conversion of Distal Jet to Nance holding arch. Of
the two set of screws, the mesial set is used for
active distalization and the distal set of screw is
used to lock on the bayonet Wire to prevent mesial
movement of the molar.

8. Fixed Piston Appliance

The Fixed Piston Appliance introduced by Greenfield
(1995) claims to produce bodily distal movement of
maxillary first molars without need extra-oral appliance
and with no loss of anterior anchorage. The Fixed Piston
Appliance consists of bands adapted on maxillary first
molars and maxillary first pre-molars such that all the
four bands have similar path of insertion, that is to say
that buccal and lingual occlusal margins of the bands are
all at the same height.

Fixed piston appliance is a non-compliance appliance
that produces molar distalization by translation and
employs light, continuous force with no loss of anterior
anchorage.

23)

In an effort to overcome the difficulty in first molar
distalization, using nickel titanium wires after complete
eruption of permanent second molar, Giancotti and
Cozza in 1998 introduced Double Loop System which
utilizes super elastic nickel titanium wire with shape
memory for simultaneous distalization of first and

10. Molar distalizing bow

second molars. The system appears useful, when
traditional intraoral forces may be ineffective. Use of
lighter force minimizes anchorage control, though use of
Class II elastics require patient cooperation and up-
righting spring may produce an anterior open bite due to
intrusive forces exerted by it.

(24)

The Molar Distalizing Bow introduced by Jecket and
Rakosi (1991) is an intraoral removable appliance that
guarantees controlled distal movement of the molars.
The appliance is easy to handle which can readily be
worn most of the time with the prospect of favorable
treatment. Molar Distalizing Bow appears to be a good
alternative to conventional headgear means as longer
daily wearing is possible due to more acceptances by
patients. The appliance does not offer any vertical force
and the design offers more static anchorage preventing
forward movement of anterior part of the dentition.
Various modification of the basic appliance has
increased its versatility and promises to be a valuable
alternative to conventional molar distalization systems.

Nance appliance and modifications

Several articles have been published showing
modifications of the basic Nance appliance for
distalization of molars either unilaterally or bilaterally.
In a modification for unilateral molar distalization
(Reiner, 1992)?, both sides of appliances were finished
with anterior projecting arm like quad-helix, with most
anterior terminus soldered to palatal aspect of first
bicuspid band on the side of Class 1.

Another modification called modified Nance holding
arch (Ghafari Joseph, 1985)“ provides anchorage for
unilateral distalization of molars. A modification capable
of producing bilateral molar distalization was proposed
by Pieringer, Droschl and Permann in 1997%” which
involves use of NiTi open coil spring on sectional arch
wire to produce distalization force of 100-150 gms. The
anchorage component of the appliance consists of two
premolar bands connected by a soldered palatal
framework and an anterior acrylic shield.

The Nance appliance appears to be an effective
method of distalizing maxillary molars but a more
comprehensive study is needed to establish a definite
correlation between the amount of distalization or
duration of treatment with the various modifications
proposed.



14. Superelastic NiTi wire (Locasystem)

12. JonesJig/Open Coil Jig/Sectional Jig

One of the most studied fixed intraoral molar
distalizing appliance - Jones Jig was introduced Jones
and White (1992)*. The appliance is capable of
producing maxillary molar distalization with second
molars erupted or unerupted, in the mixed or permanent
dentition, and in growing or non-growing individuals.

The appliance has been widely studied. According to
proposes of the appliance, Jones and White, it requires
120-180 days for correction of most of the true Class 11
molar relationships. Gulati, Kharbanda and Prakash
(1998)* in their study reported a mean distal movement
of2.78 min a treatment period of 12 weeks using 150 gm
of force. Runge, Martin and Bukal (1999)"” studied
the treatment effects of jones jig assembly and found that
besides molar distalization there was significant mesial
movement of anchorage unit which is usually desirable
in most Class II cases. Haydar and Uner (2000)°"
compared Jig with extra oral methods of distalization.
They reported shorter treatment duration with Jones Jig
assembly but more mesial movement and protrusion of
the anchorage unit.

Jones Jig assembly therefore seems more appropriate
for initialization in those cases in which no orthopedic
effect is desired on the maxilla as in skeletal Class I or
borderline Class II case with a normal mandibular plane
angle.

Intraoral bodily molar distalizer"”

This intraoral appliance introduced in the year 2000 by
Keles and Sayiusu to achieve distalization of molars
without need of patient cooperation and minimize the
treatment period.

The appliance must produce a total of about 230 gms of
distalizing force on both sides. The proposes of the
appliance claim to establish Class I molar relationship in
an average period of 7.5 months with an average molar
distalization of 3.37 mm with 8 degree of distal tipping.
The intraoral mechanics thus applied to cause bodily
molar distalization, did cost some anchorage loss.

(33)

An intraoral method of molar distalization involving
the use of Super elastic nickel titanium wire with shape
memory. The system was deigned by Locatelli ef al. in
1992. The method produces 1-2 mm of molar
distalization if the second molars are unerupted and the
appliance is easy to insert even after all the teeth has been
bracketed.

17. Crozattechnique

15. Molar distalization splint”’

This simple to use and fabricate design was introduced
by Ritto A.K. in 1995. This removable molar distalizer
appliance can be used in both maxillary as well as
mandibular arch and is much more small, comfortable
and esthetic than conventional removable Plates.

(35)

Dr. George Crozat was a strong believer in the proper
position and function of the tongue, and in good tonus of
the lips and muscles of facial expression. The Crozat
Appliance was based on the concept that mild stress
applied in the desired direction will produce tooth
movement without excessive tipping, provided ample
time is given to nature to respond. The true George
Crozat technique used molar distalization and rotation as
the major source of space.

Wendell H. Taylor (1985) reviewed the Crozat
concept of treatment and presented few cases treated by
Crozat Appliance and reported that the type of distal
movement of upper molars depended upon the
placement of hook for class II elastics. A longer hook
reduced the tipping tendency and opening of the bite.
Class II hooks should be located as close to occlusal
plane as possible to get a more horizontal pull.

18. Molar distalizing magnets

Magnets were introduced in dentistry as a source of
force a few years before. Itoh et al. (1991) “” quoted that
used a fractional type of magnetic force, which produces
a week orthodontic force that increases in magnitude as
tooth movement occurs. On the other hand, Itoh et al.
(1991) and Gianelly ez al. (1988) © used a repelling type
of magnetic force for distal tooth movement.

Itoh et al. (1991) Introduced Molar Distalization
System, which employed two repelling magnets for each
maxillary quadrant. The system consists of freely
moving mesial magnet of each pair mounted on a
sectional wire.

A sliding yoke, with legation hook mesial to mesial
magnet. The distal end of the system terminates in a
three-pronged fork, with the middle prong sized for the
insertion into the headgear tube soldered to first molar
band. The other tube prongs are ligated there by securing
the appliance system to the molar tube. A modified
Nance appliance is cemented on first premolars to
reinforce anchorage. Gianelly, Vaitas and Thomas
(1989) “” used a somewhat similar approach of using
repelling magnet to move molars distally. In their design
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the acrylic palatal coverage of Nance appliance extends
anteriorly Toto the incisor segments by means of an
0.045 inch wire soldered to lingual aspect of first
premolar bands. These are bilateral distal extension of a
0.045 inch wire with loops at the ends soldered to buccal
aspects of premolar bands. These loops allow placement
of ligature wire anteriorly to encircle a tieback hook
mesial to the magnets, thereby, when tightened the two
magnets of a pair are held in contact. Bondemark and
Kurol (1992) ® used similar appliance design while
using samarium-cobalt-repelling magnets for
simultaneous distalization of first and second molars.

19. Japanese NiTi Coils””

Gianelly, Bednar and Dietz (1991) successfully
presented the use of Japanese NiTi coils developed by
Miura et al. to move maxillary molars distally. They used
100 gms NiTi open coil springs with 8-10 mm of
activation along with fixed appliance. Using such a
system can distalize maxillary molars at the rate of 1-
1.5mm per month with little or no patient cooperation.

20. ACCOAppliance®”

The acrylic cervical occipital appliance is a removable
appliance used along with a North West headgear to
effect enmass distalization of buccal segments. The
appliance originally proposed by Dr. Hebert Margolis,
can be used on maxillary as well as mandibular buccal
segments.

SUMMARY

Molar distalization procedures have been very useful in non-
extraction borderline case management. Over the years the
procedures have undergone much refinement to achieve treatment
objective more precisely. This has been made possible by a better
understanding of bone physiology, tooth movement, biomechanics
and newer biomaterials.

This led to the evolution of various intra-oral molar
distalization appliances. Refinement in these appliances has
concentrated mainly on achieving bodily movement of the molar
rather than simple tipping. Moreover the bulk of the appliance has
also been of concern to both the operator and the patient.

Implants are being increasingly appreciated and have ushered
a new era in orthodontic treatment. Molar distalization is no
exception. Further research is necessary before reaching a final
stand on the issue.
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