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ABSTRACT

The purposes of this study were: (1) to investigate the force delivery of
elastomeric chains through 28 days of clinical use for canine retraction; (2) to compare
the force delivery between Tuff® and Dynaflex® elastomeric chains; (3) to compare
the force delivery among different study periods from each brand of elastomeric
chains; and (4) to compare the force delivery between the upper and lower arch from
each brand of elastomeric chains. All 32 subjects (12 male, 20 female; mean age 21.4
years) wore the pre-adjusted edgewise appliances in 0.022 x 0.028-inch slot brackets
and passive 0.016 x 0.022 inch stainless steel archwires. Elastomeric chains were used
as the canine retraction force to close symmetrical first premolar extraction sites. The
length of elastomeric chains was used at approximately 70% to 75% of the actual
canine retraction distance (distance between the auxiliary hook of the first molar tube
and the distal aspect of distal wings of the canine bracket). For each subject, Tuff” and
Dynaflex® elastomeric chains were used randomly in different arches and opposing
quadrants (split-mouth study design). All subjects were divided into four groups by
different study periods. Each group consisted of eight subjects. In group A, the force
delivery was measured at initial placement and one hour; after that the elastomeric
chain was changed for a new elastomeric chain and the force delivery was measured at
initial placement and 28 days. In group B, the force delivery was measured at initial
placement and 7 days. In group C, the force delivery was measured at initial placement
and 14 days. In group D, the force delivery was measured at initial placement and 21
days. The results showed that: (1) the mean of force delivery of both elastomeric
chains was in the proper range for canine retraction from 350 grams to 100 grams
through 28 days of study period; (2) The force delivery between Tuff” and Dynaflex®
elastomeric chains was significantly different at initial measurement and there were no
significant differences in other study periods at P value < 0.05; (3) Both elastomeric
chains generated nearly constant force delivery between 14 days to 28 days of the
study period; (4) The force deliveries of each elastomeric chain in the upper and lower
arch were clinically similar.
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CHAPTER |

INTRODUCTION

The ability to close space efficiently in orthodontic tooth movement is of major
clinical concern especially at the stage of space closure. The force needed to achieve
space closure can be obtained by a number of techniques, including coil springs,
closing loop arch wires, magnets, orthodontic elastics and elastomeric chains (1). Each
of these techniques has different advantages and disadvantages. Coil springs can
generate a continuous force but are difficult to keep clean. Clinicians can control the
level of force with closing loop arch wire, but it may impinge on the patient’s gingival
and irritate the mucosa. Magnets are often bulky, expensive and difficult to keep clean.
Patients must change their orthodontic elastics everyday whereas elastomeric chains
are economical, easy to use, relatively hygienic and comfortable for patients (2). They
also allow patient participation through their choice of color selections (3). Therefore,

elastomeric chains are popular for orthodontists.

Elastomeric chains were introduced to the dental profession in the 1960s and
have become an integral part of many orthodontic practices. They are used to generate
force for canine retraction, incisor retraction, diastema closure, rotation correction and
arch constriction (4). They are inexpensive, relatively hygienic, easily applied and
require little or no patient cooperation. Elastomeric chains, however, are not without
their disadvantages. As they are themselves elastic, they could be easily extended and
may have surpassed the elastic limit especially when exposed to an oral environment.
After absorbing water and saliva, they become permanently stained and suffer a
breakdown of internal bonds that leads to permanent deformation (5). They also
experience a rapid loss of force due to stress relaxation, resulting in a gradual loss of
effectiveness (5, 6). This loss of force makes it difficult for orthodontists to determine

the actual force transmitted to the dentition in the oral cavity.
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In vitro studies reported that the forces delivered by elastomeric chains are not
constant and degrade over time (5-19).The greatest rate of force decay occurrs within
the first hour and during the next two to four weeks, forces delivered continue to fall
but at a slow rate. Beyond that time, in general, forces delivered remain nearly

constant but at a level lower than originally available (16).

The optimal force magnitude required for canine retraction is still not yet in
final conclusion. Many factors affect canine movement such as the root surface area of
tooth to be moved, density of bone, friction from brackets and arch wires and age of
the patient. Even though orthodontists generally agree that optimal force refers to the
lightest continuous force compatible with physiologically tooth movement. As for
canine movement, many studies suggest that the force magnitudes required to bodily

move canines are estimated to range from 100 to 350 grams (20-22).

Most studies on elastomeric chains have directed to study the force delivery
and degradation properties from initial force level through 28 days, the effects of
prestretching and the influence of a changing environment or composition property of
elastomeric chains. Moreover, they have been performed under laboratory conditions,
which only simulate the oral environment (12). Few in vivo-studies have been made,
but did not discuss all of the above. In addition, a variety of elastomeric chains have
been introduced recently to orthodontic treatment, but it is not known how much force
remains in a length of elastomeric chain at the end of its clinical use or for how long it
may remain active generating the proper force for canine retraction. Therefore, the

purpose of this study is to evaluate elastomeric chains in vivo.
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Rationale & significance of the problem

The questions below are yet to be answered.

1.

How does the force delivery of the elastomeric chains through 28 days of
its clinical use for canine retraction?

Do Tuff elastomeric chains, in lengths approximately 70% to 75% of the
actual canine retraction distance, generate the proper force for canine
retraction?

Do Dynaflex elastomeric chains, in lengths approximately 70% to 75% of
the actual canine retraction distance, generate the proper force for canine
retraction?

Do Tuff and Dynaflex elastomeric chains generate different the force
delivery for canine retraction in clinical use?

Do Tuff and Dynaflex elastomeric chains generate different the force

delivery between upper and lower arch for canine retraction in clinical use?

These questions will be answered in this present study.
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CHAPTER I

OBJECTIVES

This study is designed to investigate the properties of elastomeric chains by
measuring the force delivery from initial placement through 28 days of its clinical use

for canine retraction in vivo.

Objectives of this study are:

1. To investigate the forces delivery of elastomeric chains through 28 days of
its clinical use for canine retraction.

2. To compare the forces delivery between two brands of elastomeric chains
through 28 days of its clinical use for canine retraction.

3. To compare the forces delivery among difference study periods from each
brand of elastomeric chains through 28 days of its clinical use for canine retraction.

4. To compare the forces delivery between the upper and lower arch from each
brand of elastomeric chains through 28 days of its clinical use for canine retraction.

Limitations of the study are:

1. The result of the study may not be comparable to other studies due to the

differences in the study design and material used, etc.

Hypothesis:

1. There is no significant difference in the force delivery between two brands
of elastomeric chains through 28 days of its clinical use for canine retraction.

2. There is no significant difference in the force delivery among difference
study periods from each brand of elastomeric chains through 28 days of its clinical use

for canine retraction
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3. There is no significant difference in the force delivery between the upper
and lower arch from each brand of elastomeric chains through 28 days of its clinical

use for canine retraction.

Expected benefits from the study are:

1. To know the force delivery of elastomeric chains through 28 days of its
clinical use for canine retraction.

2. To know the active period of elastomeric chains in oral environment which
generate proper force for canine retraction.

3. Knowledge of the properties of elastomeric chains will help orthodontists in
selection elastomeric chains for canine retraction.

4. The results of this study can be used as the basic knowledge for further

education in the orthodontic specialty.
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CHAPTER I
LITERATURE REVIEW

1. The optimal force for canine retraction

Orthodontists tried to search for an optimal force that produces a reasonable
rate of tooth movement without causing extensive interference with the normal
biological activity within the periodontium and, therefore, no irreversible damage to
the tissues. As definition of Proffit (23), the optimum force level for orthodontic tooth
movement is lightest force that produces a near-maximum response (i.e., that bring
pressure in the periodontal ligament to the edge of nearly constant portion of the
response curve). The magnitude of the optimum force will vary depending on the way
it is distributed in the periodontal ligament and type of tooth movement. Various
opinions could be found about the force level which produced the optimal mechanical
conditions within the periodontal ligament for orthodontic tooth movement. It was
assumed that an optimal force system was important for an adequate biological
response in the periodontal ligament (24). It also has been suggested for a long time
that the optimal force was related to the surface area of the root (20, 22, 25). The
magnitude of force delivered by the orthodontic appliance and the rate of tooth

movement is still not completely conclusion.

For over 80 years, the concept of optimal force has changed considerably.
Schwartz (1932) was the pioneer to search for the optimal force value in orthodontics.
He proposed the classical concept of the optimal force. He defined the optimal
continuous force as “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.” He suggested that “pressure” not “force” was the critical factor
in determining tissue change during tooth movement. According to Schwartz (26),

forces below the optimal level would not cause any reaction in the periodontal
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ligament. Force exceeding the optimal level would lead to area of tissue necrosis,
preventing frontal bone resorption. Tooth movement would thus be delayed until
undermining resorption had eliminated the necrotic tissue obstacle. Schwartz’s finding
demonstrated that differing degrees of force produced different tissue changes. He
suggested that force 20-26 grams/cm2 of root surface which equals to blood capillaries
pressure in human (15-20 mm.Hg) should be applied for tipping movement, whereas
for translation movement, three times as much force should be employed.

Schwartz’s definition was slightly modified by Oppenheim in 1942 (27), who
advocated the use of the lightest force capable of bringing about tooth movement, and
by Reitan in 1967 (28), who demonstrated the cell free compressed area within the
pressure site even in cases where light force were applied and also advocated the use

of the lighter force than the light force, so called very light force.

The orthodontic literatures revealed that there was no publications are available
to elucidate the fundamental clinical question about the optimal force. On evaluating
all the retrieved literature, two periods can be distinguished. Earlier studies (1950-
1980) dealt more with efficiency of orthodontic tooth movement than do later studies.
Great effort was taken to investigate the optimal force that could produce a maximum
rate of tooth movement and the advantages of light force compared with heavy forces.
The differential force theory as proposed by Begg (29) was also a topic of interest.
However, all these studies did not lead to a general conclusion. In later years (1981-
2001), the studies mainly focused on as histological or cell biological changes, or
change in blood flow velocity during different stage of tooth movement, and on the
side effects of orthodontic treatment such as root resorption and drug effects on tooth

movement. Also these studies still did not lead to a general agreement conclusion.

Storey and Smith (22) investigated force to the rate of tooth movement in eight
human subjects. They measured the rate of movement of canine teeth subjected to
light (175 to 300 grams) and heavy (400-600 grams) forces generated by friction free
canine retraction spring. They found the optimal force as an optimal range of force,

ranging from 150-200 grams, which is used to produce a maximum rate of canine
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retraction while the anchor unit is stable. At the conclusion of this work, Storey and
Smith suggested that “pressure”, not “force”, was the important factor in producing

tooth movement.

Reitan (30, 31) stated that the initial force application should be light, because
this produces more desirable biological effects. These lighter forces will produce less
extensive hyalinized tissue that can be readily replaced by cellular elements. He stated
that an appropriate force of 150 to 250 grams for maxillary canines, and 100 and 200
grams for mandibular canines should be used for translatory movement. The force

level recommended for tipping movements would be in the range of 50 to 70 grams.

Lee (32) studied relationship between tooth movement rate and estimated
pressure applied to maxillary canine teeth. He investigated the hypothesis that the
pressure exerted by roots on the surrounding bone- periodontal membrane complex,
and not the force applied to crown, is critical factor in determining rate of tooth
movement. He found that the maximum rate of canine retraction in the pressure 165-
185 grams / cm?, whereas the range of optimum force level fell between 150-260

grams.

However, a number of experimental investigations have been reported in the
literature in which the results did not wholly agree with the optimum force theory.
Hixon et al. (20, 33) noted that greater force tended to produce more rapid tooth
movement and there was no pattern of pain response whether the force were heavy or
light. He recommended force levels 350 grams based on the root surface area for
canine movement. The theory of optimal force level was further disputed by Boester
and Johnston (21) who investigated the rate of tooth movement when applied force
ranged between 55 grams and 310 grams. They reported that the force 55 grams
produced significantly slower canine retraction than the force 310 grams, there was no
significant difference in the rate of tooth movement when 140 grams, 225 grams and
310 grams were used. However, if the force level below 55 grams, canine movement

essentially ceased. Furthermore, there was no significant difference in regard to tooth
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discomfort with force ranging from 55 grams to 310 grams. They recommended the
forces between 100 to 300 grams for canine retraction.

Nikolai (34)suggested that to make an optimal force theory become realistic, it
is important to take into account a various variety of parameters into account. These
included tooth root surface area, root shape, the type of tooth movement desired with
its particular pattern of transmitted forces to the periodontal ligament, the magnitude
and the pattern of the continuous or intermittent force system applied and individual
tissue response. He defined the optimum force as the force that yielded the maximum
desirable biologic response with minimum tissue injury producing rapid tooth

movement with small or no clinical discomfort.

Quinn and Yoshikawa (25) found that the force for maximum effective canine
retraction ranged between 100-200 grams that equal to the pressure of about 70-140

grams/ cm2.

Iwasaki et al. (35) demonstrated that by using low force magnitudes, tooth
translation can start without a lag phase and can occur at velocities that are clinically
significant. They studies by using a continuous retraction force averaging 18 grams
and 60 grams was applied to maxillary canine teeth of 7 human subjects which
participated in 84 days. They concluded that effective tooth movement can be
produced with the lower force and that loading conditions were controlled, cell
biology must account for the variability in tooth velocities measured in these subjects.

Proffit (23) stated that the current concept of optimal force is based on the
hypothesis that a force of a certain magnitude and temporal characteristics (continuous
vs intermittent, constant vs declining etc.) would be capable of producing a maximum
rate of tooth movement without tissue damage and with maximum patient comfort.
The optimal force for tooth movement may differ for each tooth and for each
individual patient. However, he also quantified optimal force levels for various
orthodontic tooth movements: 35-60 grams for tipping; 70-120 grams for bodily

movement and noted that the values also depended on the size of the tooth. He
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believed that since the distribution of force within the periodontal ligament varied with

the different tooth movements.

2. The elastomeric chains

2.1 Rubbers: natural or synthetic

Rubber, this word has been used for many years to denote the class of
materials which can be extended in length several hundred percent on application of a
stress, with virtually immediate and complete recovery on release of the stress(36).
Elastomer is a general term that encompasses materials that, after substantial
deformation, rapidly return to their original dimensions. So, the words “rubber” and

“elastomer” are used synonymously.

Elastomer is one type of polymer, in which they have high molecular weight
compounds made from low molecular weight building units called monomers, the
simple molecules that are covalently bonded into long chains. Polymer, which means
the long chain molecules formed from the monomer unit (37). There may be 1,000 to
20,000 repeating units of monomer. If the polymer consists solely of one monomer, it
is called a homopolymer, e.g., natural rubber (polyisoprene); if it has two species, it is
a copolymer, e.g., butadiene-styrene rubber; if three, it called terpolymer, e.g. ethylene

propylene terpolymer (38).

Component of Rubber

Raw rubber, by it self, is not a very useful material. However, by the proper
selection and mixing with other materials, the raw rubber may be compounded into
products that are outstanding in tensile strength, tear resistance, abrasion resistance,
chemical resistance, heat resistance and any other classical properties or combinations
thereof. These materials are classified under the categories of vulcanisates,
accelerators, antioxidants, age resistors, fillers, reinforcing agents and colorants, which

will be discussed as follows (39):
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1. Vulcanisates

The wvulcanisate reduces the plasticity of the rubber compound, while
maintaining its elasticity. Sulfur was the original material and has still been the chief
material used for this purpose. But other material, for instance, sulfurchloride, nitro
compounds, silinium, and so on, can be used to perform vulcanization. Vulcanization
will generally result in a marked increase in tensile strength, a reduction in tendency to
loss of flexibility at low temperature and, finally, an increase in the resistance of
rubber to solvents. The cross-linking of the sulfur atoms between the polymer by
vulcanization increases the strength of vulcanized rubber (37).

Vulcanization is used in rubber industry and refers to variety of cross-linking
processes used in either natural or synthetic rubbers. Heating raw rubber with sulfur
and accelerating agents can accomplish vulcanization. Normally, vulcanized soft
rubbers contain approximately 3% by Wt sulfur and are heated in the 100-200 °C
range for vulcanizing. If the sulfur content is increased, the cross-linking that occurs
will also increase, respectively. A fully rigid structure of hard rubber can be produced
with about 45% sulfur (37).

2. Accelerators and activators

The use of an accelerator results in reduction in the amount of time necessary
for the vulcanization reaction to reach completion at a given temperature. Some
materials have the property of facilitating the function of accelerators and are called
activators. Zinc oxide is one such material. Additional advantages of accelerators for
rubber are as follows:

1) A reduction in the quantity of sulfur required and consequent elimination of
“Blooming” of excess sulfur to the surface of the finished article.

2) A leveling effect on the degree of vulcanization.

3) A leveling effect on the variation of vulcanization.

4) Counteraction of the effect of carbon black to prolong the time of
vulcanization.

5) Improvement in resistance to deterioration of the final product.

6) Utilization of brighter and less expensive organic colorants, which would be

impaired by prolonged vulcanization time.
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3. Antioxidants or age-resistors

One of the major problems of rubber is that as the time goes by under normal
room-temperature conditions vulcanized natural rubber will show a decided decrease
in tensile strength. Flexing operations, heat, light, elongation, presence of copper or
manganese salts or soaps, and improper vulcanization might accelerate the
deterioration of such rubbers. Some accelerators, e.g., phenols, amines, and waxes are
incorporated into the compound to serve as antioxidants or age resistors. Although not
all antioxidants have proved to be effective as age-resistors, it is almost invariably true

that any good age- resistor is also a powerful antioxidant.

4. Fillers, reinforcing agents, and colorants

It is somewhat difficult to form a clearly distinction among these three terms
because some substances such as zinc oxide and carbon black serve several purposes
at the same time. Overall, a reinforcing agent is a material that increases the tensile
strength by its incorporation into the compound. On this basis, carbon black,
magnesium carbonate, zinc oxide, and China clay are outstanding for increasing
tensile strength. Talc and similar materials add little increase in tensile strength and
function almost exclusively as filler materials by making composites which often have
desirable properties not possessed by each compartment. Eventually, colorants are

usually organic material, and generally only small quantities are needed.

Classification of Rubber

Three major classes of a material which exhibit characteristics of rubber are (39):

1. Natural rubber

Natural rubber is of botanical origin and can be found in the juice of many
plants, such as Russian dandelion, milkweed and many other shrubs and trees. It is
note worthy that Hevea brasiliensis tree produces the best rubber latex. Even though
much is known of the chemical characteristics of rubber, its chemical structure has not

yet been fully duplicated in the laboratory.
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2. Synthetic or American-made rubbers

Numerous attempts to duplicate natural rubber have led to the development of
highly useful products known as the synthetic, or American-made, rubbers. Such
materials as Buna N or S, Neoprene, Polyisobutylene, and Butyl come under this

category.

3. Rubber-like plastics or plastic elastomers

These materials exhibit the characteristics of rubber, but their basic chemical
structures are different from that of natural rubber. These are silicone rubber,
plasticized polyvinyls, polyethylene, flexible polyesters, ethyl cellulose, and rubber
phenolics.

Commercially orthodontic elastics have been mainly made from 2 types of
rubber (13):
1. Natural rubber which is a hydrocarbon polymer of isoprene unit.

2. Synthetic rubber which have been developed to duplicate natural rubber.

Natural Rubber

Natural rubber, probably used by the ancient Incan and Mayan civilizations,
was the first known elastomer. It had limited use because of its unfavorable
temperature behavior and water absorption properties. With the advent of
vulcanization by Charles Goodyear in 1839, uses for natural rubber greatly increased
(40, 41).

Natural rubber is mainly cis-1,4 polyisoprene mixed with small amounts of
proteins, lipids, inorganic salts, and numerous other components. The cis-1,4
polyisoprene is a long chain polymer which contains approximately 500 isoprene units
in the natural rubber polymer chain (13) and has average molecular weight of about
500,000 g/mol (37).

Polyisoprene have two forms that occur in nature, i.e. as hard plastics called

guttapercha and balata and another form as an elastomer or rubber known as hevea
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brasiliensis, or natural rubber. Barlow (38) suggested that more than 80% of natural
rubber come from Southeast Asia. Polyisoprene has a structural formula as illustrated

in Figure 2.

H CH; H

H
|
[C -C =C -C1
|
H

Figure 1. Cis-1,4 polyisoprene : repeating structure unit for natural rubber

The cis-prefix indicates that the methyl group and a hydrogen atom are on the
same side of the carbon-carbon double bond. The 1,4 strands for the repeating
chemical units of the polymer chain covalently bonded on the first and fourth carbon
atoms. The polymer chains of natural rubber are long, elongated, coiled and in a state
of continued agitation at room temperature. The arrangement of the covalent bonds in

the natural rubber chain is shown in Figure 3.

CH: CH: CH:
C=CH C=CH C=CH
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Figure 2. Segment of natural rubber polymer chain

Synthetic or American-made rubbers

In 1955, cis-1,4 polyisoprene with structure closely duplicating that of natural
rubber began to be produced from petroleum and coal. These polymers can be
synthesized by two processes that are mostly identical except for the catalyst used. The
properties of synthesized polyisoprene are very nearly identical with those of natural
rubber, and these polymers are usually preferred because of their greater cleanliness
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and uniformity. Furthermore, synthetic rubbers have greater oil resistance, aging
resistance, and low temperature flexibility. Nevertheless, natural rubber still has low
cost and better energy-storing capacity compared to the artificial one (40).

The Shell Chemical Company introduced the first commercial synthetic
polyisoprene in 1960, followed by one from Goodyear in 1962, and three years later
Goorich Gulf introduced their version. Technically, synthetic polyisoprene is close
match for natural rubber. But when compared to its cost, it has not replaced natural

rubber to any significant extent (38).

Both natural and synthetic rubbers are composed of long, thread-like molecules.
The characteristic property of reversible extensibility results from the randomly coiled
structure of long, folded polymer chains. Upon extension, these randomly coiled
chains are elongate into an ordered structure consisting of linear chains except when
cross-linked. This tendency to revert to the original disordered state upon removal of
elongation stress accounts for the elastic behavior (13). Because natural rubber latex
allergy is prevalent among occupationally exposed groups and patients, synthetic or

non-latex rubber is an alternative way.

Early advocates of natural latex rubber elastics in orthodontics included Baker,
1904 (42), Case and Angle cited by Parrie and Spence, 1973 (43). Natural latex rubber
elastics begin to decay in the mouth within a couple of hours, and much of the
elasticity is lost in 12 to 24 hours (5). Synthetic rubber polymers or synthetic
elastomer, developed from petrochemicals in the 1920s became available for
orthodontic purposes during the 1960s. They are marketed under a variety of trade
names. However, they are generally referred to in the orthodontic literatures as
elastomeric chains or plastic modules. They are used to generate light continuous force
for canine retraction, diastema closure, correct rotation and arch constriction (4). They
are inexpensive, relatively hygienic, easily applied and require little or no patient
cooperation. Elastomeric chains, however, are not without their disadvantages. When
extended and exposed to an oral environment, they absorb water and saliva,

permanently stain, and suffer a breakdown of internal bonds that leads to permanent
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deformation (5). They also experience a rapid loss of force due to stress relaxation,
resulting in a gradual loss of effectiveness (5, 6).

2.2 Chemical properties

Elastomeric chains have been given the generic name “polyurethane polymers”
because they contain urethane linkages. They can be synthesized by extending a

polyester or ployether glycol with a di-isocyanide (44).

Most of the elastomeric chains used in orthodontics were made from
polyurethane polymers (4). Commercial polyurethane polymers were complex
formulations of polymer and other ingredients which may include catalyst residues,
antioxidants, processing aids such as extrusion lubricants, colorants, solvents,
radiopaque fillers and trace impurities, all of which affect the performance of the
material (45).

Polyurethane polymers may be cross-linked (thermosetting) or uncorss-linked
(thermoplastic). Ploymer molecules that were linked to each other at points along their
backbones are said to be cross-linked. Light cross-linking imparts elastic properties to
polymers while rigidity and dimensional stability are imparted by high degrees of

cross-linking (46).

Thermoplastic polyurethane or uncorss-linked polyurethane polymers were
generally elastomers with hard and soft chain segments. The mechanical and chemical
behavior of the polymer is determined by the chemical nature, interactions and
segregation of these hard and soft segments (45). In general, the hard segments,
formed by the action of di-isocyanates with low molecular weight diol or diamine
chain extenders, aggregate to serve as reversible cross-links, while the soft segments
usually polyesters, ployethers or ploybutadienes) impart flexibility and extensibility to
the system (45, 47, 48)
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On application of a force, these polymer chains can slip past one another
and/or Stretch or uncoil. Chains slippage results in a viscous behavior which is slow
and irreversible, while chain stretching and uncoiling leads to elastic behavior that is
quick and reversible. Both behavior types are exhibited by orthodontic synthetic
elastomers, with chain slippage eventually predomination (4). When the force is
released, the elastomeric chains will retract to the most favoured configuration.
Permanent set will occur by the rupture of the cross-links or the formation or new

cross-links in the deformed state (49).

2.3 Physical properties

2.3.1 Viscoelastic

Polymeric materials used in orthodontics show time-dependent mechanical
behavior that is they are *“viscoelastic” and it is this aspect of their mechanical
properties which is of major interest in orthodontic applications. Viscoelasticity
implies that their behavior is characteristic of both viscous fluids and elastic solids.
Stresses applied to a viscous fluid are dissipated during fluid flow while stresses
applied to an elastic solid are reversibly stored as strain enemy in the deformed state.
Therefore, the stress that is lost as the chains slide by each other is due to the viscous
component while the stress that is recovered can be attributed to the elastic component
(50).

The viscoelastic behavior of polymers can be demonstrated in the
laboratory by stretching a sample to a predetermined length and by measuring the

stress as a function of time. The stress is considered to be time-dependent (50).

Viscoelasticity is also characterized by creep that is manifested by a
continuous increase in the length of a specimen under load. This increase in specimen
length is the result of molecular rearrangement within the specimen, primarily by

molecular chain alignment along the tensile axis (50).



Sarocha Poolkerd Literature Review / 18

2.3.2 Stiffness

The measure of elasticity of a material is described by the term “elastic
modulus” sometimes referred to as “Young’s modulus”. It represents the relative
stiffness of the material within the elastic range. The elastic modulus can best be
determined from the stress-strain curve by calculating the ratio of stress to strain. The
elastic modulus represents the slope of the elastic portion of the stress-strain curve
(51).

The intermolecular forces of the material, such as the cross-link density,
are responsible for a range of elastomer properties including the modulus, breaking
strength and strain, and the solvent resistance (49). The stronger the basic attraction
forces, the greater are the values of the elastic modulus and the more rigid the material
(51). For example, the elongation at failure decreases as the cross-link density

increases (49).

2.3.3 Additional physical propeties

Ployurethane polymers are not ideal materials because their mechanical
properties are time and temperature dependent. With an increase in temperature they
became rubbery. Under prolonged contact with water, they swell and slowly hydrolyse
(44). The “staining” of elastic polymers intra-orally is attributed to the filling of voids
in the rubber matrix by fluids and bacterial debris (13). The degradation of the
material by ozone through an autocatalytic process results in a decrease in the strength
and flexibility of the polymer (40). However, this oxidation process can be prevented
by the addition of antioxidants, such as phenyl alpha-and beta-naphthalamine (52).

3. Previous studies of orthodontic elastomeric chains

Many literatures regarding the properties of these elastomeric chains have been
difficult to evaluate because of the variable nature of investigative methods. Further,
the proprietary information about the individual products also complicates
comparisons of various manufacturers’ wares. There have been studies concerning the

force delivery and degradation properties, the effects of prestretching, the influence of
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a changing environment or composition, and some miscellaneous information which

shown in Table 1.

Table 1. Elastomeric chains references lists

Topic Author Reference’ Material tested
Initial force Andreasen and Bishara | AO 1970 Unitek C-1 Alastik modules and
delivery and force latex elastics

degradation

Bishara and Andreasen | AO 1970 Unitek C-1 Alastik modules and
latex elastics

Ware AQJ 1971 Unitek Alastik modules and latex
elastics

Hershey and Reynolds | AJO 1975 Unitek C-1 Alastik modules.
Ormco Power Chain, TP Elas-O-
Chain

Wong AO 1776 Unitek C-1 Alastik modules.
Ormco Power Chain

Kovatch JDR 1976 Unitek C-1 Alastik modules

Ash and Nikolai JDR 1978 Unitek C-1 Alastik modules

Varner and Buck JBMR 1978 Unitek Alastik Kx modules

Brantley AO 1979 Unitek C-1 Alastik modules.
Ormco Power Chain Il

De Genova AJO 1985 Ormco Power Chain Il. Rocky
Mountain Energy Chain, TP
Elast-O-Chain

Killiany and Duplessis | JCO 1985 Rocky Mountain Energy Chain
Rock BJO 1985 13 Different types of chains

Kuster EJO 1986 Unitek C-1 Alastik modules,
Ormco Power Chain Il

! Angle Orthodontist (AO), Australian Orthodontic Journal (AOJ), American Journal of Orthodontics
(AJO), American Journal of Orthodontics and Dentofacial Orthopedics (AJODO), British Journal of
Orthodontics (BJO), Journal of Clinical Orthodontics (JCO), Journal of Dental Research (JDR),
European Journal of Orthodontics (EJO), Personal communication (PC)
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Topic Author Reference’ Material tested
Williams and von Fraun- | PC 1989 Unitek C-1 Alastik modules,
hofer Ormco Power Chain II,
American Memory Chain
Storie and von Fraun- AJODO 1994 | GAC Chainette, Ortho Arch
hofer Grey and Fluoride impregnated
chain
Baty and von Fraunhofer | AJODO 1994 | Unitek Alastik modules, Ormco
Power Chain 11, and Masel
colored chains
Prestretching Wong AO 1976 Unitek C-1 Alastik modules,
effects Ormco Power Chain
Brooks and Hershey JDR 1976 Unitek C-1 Alastik modules
Brantley AO 1979 Unitek C-1 Alastik modules,
Ormco Power Chain Il
Young and Sandrik AO 1979 Unitek C-1 Alastik modules,
Unitek C-2 Alastik modules
Williams and von Fraun- | PC 1990 Unitek C-1 Alastik modules,
hofer Ormco Power Chain I,
American Memory Chain
Storie and von Fraun- IP 1992 Ortho Arch Gray and Fluoride
hofer impregnated chain
Environmental De Genova AJO 1985 Ormco Power Chain Il. Rocky
effects Mountain Energy Chain, TP
Elast-O-Chain
Ferriter AJO-DO "A" Company Force A Chain.
1990 American Memory Chain, GAC
Chainette. Ormco Power Chain
I, Rocky Mountain Energy
Chain, TP Elas-O-Chain,
Unitek C-1Alastik modules
Jefferies and von Fraun- | AO 1991 "A" Company Force A Chain.

hofer

American Memory Chain,
American Plastic Chain, Masel
Chain Elastic, TP E-Chain,
Unitek C-1 Alastik modules

2 Angle Orthodontist (AO), Australian Orthodontic Journal (AOJ), American Journal of Orthodontics
(AJO), American Journal of Orthodontics and Dentofacial Orthopedics (AJODO), British Journal of
Orthodontics (BJO), Journal of Clinical Orthodontics (JCO), Journal of Dental Research (JDR),
European Journal of Orthodontics (EJO), Personal communication (PC)
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Table 1. Elastomeric chains references lists (cont.)

Topic Author Reference® Material tested
Coffelt and von Fraun- AO 1990 Unitek C-1 Alastik modules,
hofer Ormco Generation Il Power

Chain, TP E Chain
Miscellaneous Sonis AJO 1986 Unitek C-1 Alastik modules,

Rocky Mountain Energy Chain,
Unitek nylon-covered latex
thread

Huget JDR 1990 Ormco Power Chain Il

3.1 Force delivery and degradation properties

In 1970, Andreasen and Bishara (5) compared latex elastics and Unitek C-1
Alastik elastomeric chains. The purpose of their study was a comparison of different
materials when stretched to varying degrees under different environmental conditions.
The materials were stretched over a series of distances ranging from 65 to 105 mm for
a three-week period, based on the assumption that the patient was seen by the
orthodontist every three weeks. Each sample was tested at room temperature and 37°C
in a dry condition, submerged in water, and submerged in saliva. Their pilot studies
used to simulate mouth conditions found that there was no statistical difference
between the same materials tested under saliva at 37°C, under water at 37°C, and
under water at room temperature. Based on this finding, 37°C water was selected as
the test medium for the Alastik and water at room temperature for the latex elastics for
the remainder of the study. They found that after 24 hours of load, Alastiks suffered a
74% loss of force delivery capability; whereas latex elastics only lost 42%. The
greatest force decay per unit of time (55.7%) occurred during the first hour.
Subsequent testing showed that after the first day, the force degradation declined in a
relatively linear manner. The remaining rate of decay for the total period of three

weeks was 8.2% for the Alastik chains. These results led the authors to recommend an

3 Angle Orthodontist (AO), Australian Orthodontic Journal (AOJ), American Journal of Orthodontics
(AJO), American Journal of Orthodontics and Dentofacial Orthopedics (AJODO), British Journal of
Orthodontics (BJO), Journal of Clinical Orthodontics (JCO), Journal of Dental Research (JDR),
European Journal of Orthodontics (EJO), Personal communication (PC)
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initial extension of the chain of four times the desired force level to compensate for

this inherent force loss during the first day.

In a second article, Bishara and Andreasen (6) evaluated Unitek’s K1 and K3
standard and K2 heavy Alastik modules under test conditions identical to those used in
their first study. The stretched distance ranged from 22 to 40 mm. Force level at the
end of three weeks, expressed as a percent of the initial force, was lowest for the
modules graded by the supplier as heavy. Regarding the K1 Alastiks, the drop of force
at the end of the first day was on average 54%, at the end of the first week 60%, while
after the three-week period the force decay was 67%. The authors described the
variation of the Alastik modules as being far in excess of that seen in rubber latex
elastics. This marked variation was said to reduce the operator’s ability to predict long
term force levels of elastomeric chains as compared to rubber latex elastics. It was also
stated that a greater amount of plastic deformation occurred with the Alastik modules
than with the rubber latex elastics. Moreover, the longer the time the materials were
stretched, the greater they were plastically deformed. Considering the amount of decay,
or drop in force, which would occur, the authors recommended that when the Alastiks
were stretched in the mouth, their force levels should be measured to ensure a
desirable force application.

Ware (53) investigated the physical properties of plastic modules with respect
to their elastic properties, the effect of change from room to oral conditions and the
stability of their properties with time of application. He demonstrated greater
variability with rubber latex elastics under varying conditions than had been
experienced previously. The load/extension ratio of the plastic modules was very high
which resulted in an appreciable variation in loading during force application. The
effect of temperature and/or moisture absorption on the elastic properties made it
difficult to predict the applied loads in the oral environment Furthermore, the plastic
flow of the material under strain caused a rapid reduction of loading which also
complicated the prediction of the forces which would be applied over an extended
period of time.
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Hershey and Reynolds (15) using a testing framework that simulated tooth
movement at rates of 0.25 mm. and 0.50 mm. per week, compared chains from three
different companies. The tests were designed to produce forces that were clinically
adequate under both rates of simulated space closure to produce tooth movement as
recommended by Storey and Smith (22), Reitan (30), Hixon et al. (20) and Boester
and Johnston (21). The Modules were aged in water at 37 °C as suggested by
Andreasen and Bishara (5). The Results of Hershey and Reynolds (1975) showed no
significant difference in the force degradation of the chains, but there were substantial
difference in the initial force delivery of the chains which led them concluded that a
force gauge should be used in a clinical setting to determine initial load of the chains.
In contrast to Andreasen and Bishara (5), they found 50% force loss after the first day,
with 40% of the original force remaining after four weeks. However, with simulating
tooth movement of 0.25 mm and 0.5 mm per week, the amount of original force

remaining after four weeks decreased to 33% and 25% respectively.

Wong (13) investigated the elastomeric chains of Ormco and Unitek. He
compared the tensile strengths, changes in force when stretched to a give distance and
rate of force decay at two sets of force ranges. In the tensile tests, the power chain
(Ormco) had higher stiffness than the Alastik chain (Unitek), while the latter exhibited
more force and less stretch. The force decay characteristics of long and short segments
of each brand were compared. He found considerable variation in the initial force
delivery of chains from different manufacturers. The short segments exerted a greater
mean force than the long segments when both were stretched over a 17 mm inter-
bracket distance. This distance represented the distance between the brackets of the
cuspids and second premolar teeth. His data suggested that the greatest amount of
force loss took place in the first 3 hours and that, in agreement with Andreasen and
Bishara, an initial force loss of 50% to 75% occurred in the first 24 hours. He
suggested that the precipitous early force loss might be minimized by prestretching

modules prior to their clinical application.

Kovatch et al. (14) evaluated initial force values and force degradation of
Unitek Alastiks that were stretched to 30% of their original length at a rate of 0.2, 2.0,
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and 20 inches (5, 50 and 500 mm) per minute. They reported that rapidly extended
chains showed greater initial force levels than those slowly stretched. At 1 week,
however, the chains stretched at the slow rate exhibited less force decay. Therefore the
authors recommended slowly stretching the modules to position. They also calculated
a formula that predicted the force values of a chain at a giver time because, after the
first 5 seconds of force decay, the decay rate followed a straight line of a log-log graph.
This formula was a parabolic equation of the form: load = constant x (time) " where n
was a fixed exponent for a given set of variables. Even through the differences in their
data were of statistical significance, the author felt the differences were not necessarily

of sufficient magnitude to seriously affect the clinical result.

Ash and Nikolai (12) compared force decay of chains extended and stored in
air, water, and in vivo for a period of three weeks. They reported that chains exposed
to an in vivo environment exhibited significantly more force decay after 30 minutes
than those kept in air. No difference was noted between the chains maintained in
water and those in vivo until 1 week. However, after 3 weeks, the chains stored in vivo
has a greater force loss than those stored in water, but both still maintained force levels
of more than 160 g which, according to Storey and Smith, is effective in moving teeth.
Ash and Nikolai postulated that the effect of mastication, oral hygiene, salivary
enzymes and temperature variations within the mouth influenced the degradation rates
of in vivo chains. Although they stated that their initial tension was too much, Ash
and Nikolai failed to provide the reader with the original length of the tested chains
resulting in an inability of determine the amount of extension needed for optimum

behavior of the chain.

Varner and Buck (54) conducted a fixed stretch distance study to determine the
force decay behavior of the chains from Unitek. The elongation range of 26 mm to 40
mm. was chosen by the authors based on the clinical measurement of forty patients
undergoing space closure to represent the distance between a hook soldered to the arch
wire between the canine and the lateral incisor and a molar hook on the distal aspect of
the molar buccal tube. The samples were stretched and stored at 37°C for four weeks

and removed only for periodic force measurements on universal testing machine.
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However, no information was given on the type of storage medium; it was found that
the tested samples exhibited the same rate of force decay from two hours to four
weeks regardless of the initial elongation. There was a change in the force decay rate
between weeks 1 and 3, but no difference was found among weeks 2, 3 and 4. The
authors considered the quantity of force being applied at the various time periods as
the clinically significant finding of the study. The 26 mm minimum elongation tests
demonstrated mean forces of 1.1 pounds (495 g) at two hours, and 0.80 pounds (360 g)
at four weeks, while the corresponding mean force for the 40 mm elongation tests
were 1.7 pounds (765 g) and 1.3 pounds (585 g) at two hours and four weeks,
respectively. The overall force decay was 26% from two hours to four weeks which
Varner and Buck (54) considered insufficient to significantly affect the rate of tooth
movement in a clinical setting. The authors suggested that it would be unnecessary to

change the modules prior to four weeks of clinical service.

Brantley et al. (11), using elastomeric chains from two companies, prestretched
four sets of chain 100% of their original length. Two sets were immersed in water at
37 °C for 24 hours and 3 weeks, respectively, whereas the other two sets were kept in
air at room temperature for the same time periods. After the prestretching regimens,
the chains were extended to 100% of their initial length and the force decay rates were
compared with those of controls that had not been prestretched. The control specimens
by which were not prestretched demonstrated the most rapid loss of force during the
first hour with a subsequent much lower decay rate. Over the three-week test period,
the control modules lost 65% to 73% of their original force respectively. The chains
prestretched in water provided nearly constant forces if used immediately after
removal from the fluid media. However, the chains prestretched in air had essentially
the same force decay properties as unstretched chains. Brantley et al (11) therefore
suggested that prestretching elastomeric modules in distilled water at 37°C would be
recommended if modules with nearly constant force levels were required during
clinical use. However, the immediate use of these modules after prestretching is

mandatory in order to avoid stress-relaxation.



Sarocha Poolkerd Literature Review / 26

De Genova et al. (4) investigated force degradation of chains from three
companies. Chains were maintained at a constant length and stored in artificial saliva.
In the first study, one set of specimens was maintained at 37°C and another was
thermally cycled between 15°C and 45°C. They reported that the thermally cycled
chains displayed significantly less force loss after 3 weeks. Starting with an initial
force level of 300 to 400 g, this difference, however, was only 7 to 10 g. A second
study compared force decay rates of thermally-cycled chains held at constant length
with those subjected to simulate tooth movement of 0.25 mm per week. The chain
subjected to tooth movement retained 9% to 13% less force than those held at a
constant length. Data from the study of De Genova et al. also show that the short
filament chains generally provided higher initial force levels and retained a higher
level of the remaining force than the long filament chains. Force decay of the chains
was in the range of 50% to 75% as reported in earlier studies (Andreasen and Bishara,
1970).

Killiany and Duplessis (10) reported on the force delivery and force decay
characteristics of two products: Energy Chain (Rocky Mountain Orthodontics) and
Plastic Chain (American Orthodontics, Sheboygan, Wi.). The mean initial force level
for the Energy Chain (329.8g) was lower than the mean initial force produced by the
“conventional” Plastic Chain (374.9g). After four weeks of storage in a simulated oral
environment, the energy chain retained 66% of its initial force, whereas the short loop
chain possessed only 33% of its original force. This finding supported the De Genova
et al. (4) study which also found that the Energy Chain retained significantly higher
force levels for all degrees of initial stretch throughout the three-week laboratory test
period when compared to Power Chain Il (Ormco) and Elast-O Chain (TP
Laboratories). As a result of their finding, Killiany and Duplessis (10) regarded this

new generation of synthetic elastomeric chain as a significant improvement.

Rock et al. (9) investigated thirteen commercially available orthodontic
elastomeric chains for initial force extension characteristics. Lengths of each chain
consisting of two, three and four loops were extended to the first transition point on

the force/extension curve that point at which the curve flattened such that continued
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extension produced a lower rate of increase in force and to twice its original length.
They reported that, regardless of the number of loops, the force values at 100%
extension were constant for each individual material. They also noted that all short
filament chains, with the exception of Unitek Alastiks, produced a higher initial force
level at 100% extension with the initial force beginning in the range of 403 to 625 g.
This finding led Rock et al., to recommend extending chains to 50% to 75% of their
original length to provide the desired force of approximately 300g.

Rock et al. (9) also looked at the force extension characteristics (stiffness) and
determined that the relationship between force and extension was not linear, but
exhibited two transition points on the curve. At the first transition point the curve
flattened so that continued extension produced a lower rate of increase in force.
Beyond this flattened section, the rate of force generated increased although not to the
degree produced by the initial stretch. The shape of the force/extension curve varied
for each product. Generally, the greater the interspaces length between the modular
units, the greater was the amount of the linear force/extension relationship. Those
chains tabulated as “short” chains, with no interspaces length between the modules,
were able to be extended further before the transition point was reached for all except
on product in which the extension for the two chain configurations, short and long,
was almost identical. The stiffness of each unit bore an inverse relationship to the
number of loops in the sample. However, the authors suggested that it would be
advantage to clinically utilize a material which behaved predictably, irrespective of the
interspaces length, as it would be easier to assess forces at a particular extension.

Kuster et al. (8) compared chains form two companies stored in air and in vivo.
Chains stored in air were extended to 82% and 115% of their original length and, after
4 weeks, had maintained 70% to 75% of their initial force level. Chain placed in vivo
at approximately 100% extension retained 43% to 52% of their initial force level after
4 weeks. This force degradation was both more rapid and extensive in the in vivo
studies confirming the finding of Ash and Nikolai (12). At 100% extension the force
levels of the two chains were 315 grams and 279 grams, respectively. These results do

not support the previous recommendations of initially extending the chains by 50% to
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75% of the original length to provide and optimal force level. Some products may
require an extension of 100% to generate a force level of 300g, whereas others

extended by this amount would provide excessive force levels.

In an unpublished thesis, Williams and von Fraunhofer (18) looked at the force
decay properties of short filament gray and clear chains from three companies. The
clear chains generally provided a higher initial force level and retained a larger
percentage of this force while extended at a constant length and stored for 1 week in a
simulated oral environment. In a second study, they included a tooth colored
elastomeric chain. This chain always provided a higher initial force level and retained
more of the original force after 1 week than the gray chain, and these differences in

force levels were attributed to the filler material used in tinting the chains.

Storie and von Fraunhofer (3) investigated the initial force delivery and force
degradation of a gray chain and a recently marketed fluoride-releasing chain from
Ortho Arch. They found that, although the fluoride-releasing chain possessed a higher
initial force level at 100% extension, the gray chain retained 38% of its initial force,
whereas the fluoride-releasing chain delivered only 14% after 1 week in 37°C distilled
water. After 3 weeks the fluoride-releasing chain delivered only 6% of the original
force level, and such a small force level will not promote efficient tooth movement. In
evaluating the amount of fluoride released from this chain, it was found that a single
four-loop piece of chain released 3 mili-grams of fluoride during the 3-week testing
period. At 24 hours, 50% of the total fluoride released had occurred, and 90% had

been leached out after 1 week of fluid immersion.

Another recent innovation is the coloring of elastomeric chain. The initial force
delivery and effects of fluid immersion of these colored chains were studied by Baty
and von Fraunhofer (7). They compared three colors of elastomeric chains with the
standard gray chain from three different manufacturers and the data indicated that the
coloring of the chains had little effect on the initial force delivery levels of the chains.

However, once exposed to a fluid environment, the colored chains of one company
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required considerably more extension to generate comparable force levels to that of
the gray chain of that manufacturer.

3.2 Prestretching effects

Attempts to alleviate the large initial force degradation and improve the
constancy of force delivery have led several investigators to look at the effects of

prestretching the elastomeric chains before placement.

Wong (13) in 1976, recommended prestretching the elastic chains a third of
their original length to prestretch the molecular polymeric bonds and improve the

strength. However, he reported no studies to substantiate his claim.

Brooks and Hershey (55) stated that a combination of prestretching and heat
application reduced the amount of force degradation by 50% at 1 hour and 31% at 4
weeks. This force degradation behavior is similar to reports of studies that did not
subject the chains to heat or prestretching. The application of heat alone, however,
caused an increased rate of force decay. The amount of heat used was reported to be

that of hot beverages.

In 1979, Brantley et al., (11) using elastomerics from two companies,
prestretched four sets of chains 100% of their original length. Two sets were immersed
in water at 37° C for 24 hours and 3 weeks, respectively, whereas the other two sets
were kept in air at room temperature for the same time periods. After the prestretching
regimens, the chains were extended to 100% of their initial length and the force decay
rates were compared with those of controls that had not been prestretched. Because of
the phenomenon of stress relaxation (5, 12) these writers reported that the chains
prestretched in water provided nearly constant forces if used immediately after
removal from the fluid media. However, the chains prestretched in air had essentially

the same force decay properties as unstretched chains.
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Young and Sandrik (56) rapidly prestretched two types of elastomeric chains
from Unitek to predetermined distances and then placed the chains on a holding device
designed to load them at 90 gm. After 24 hours immersion in 37° C water, one of the
products exhibited 17% to 25% increased retention of force delivery capability,
whereas the other chain showed no change. With a regression analysis, the
investigators then predicted that after 4 weeks the one chain would have 64% to 93%
greater force retention versus the control. This study was repeated, increasing the
initial force delivery to 180 gm. This resulted in a greater decay of force than the
control, leading the authors to conclude that extending chains three to four times the
desired force would result in permanent deformation of the chain and subsequent
reduction in the desired force level.

Williams and von Fraunhofer (16) also looked at prestretching effects on force
decay at 1 week, prestretching chains to 100% of their original length for 10 seconds
before loading. Their results displayed a statistically significant difference in some
prestretched chains compared with the controls. However, this improvement was only

4% to 6% and was probably clinically unimportant.

Prestretching effects regarding initial force delivery were investigated by
Storie and von Fraunhofer (3). They prestretched the gray and fluoride-releasing
chains from one company 50% of the original length for 5 seconds and then immersed
them in three fluid environments. They reported no clinical benefit (less than 10%
changes) and, in fact, the prestretched gray chains required more distraction than the

controls to generate the same initial force delivery.

3.3 Environmental effects

Several investigators have attempted to determine the consequences of
changing the environment with regard to initial force delivery and force decay of
elastomeric chains. These attempts have looked at conditions that could exist within
the oral cavity or might be used in sterilization of the chains before placement in the

mouth.
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As mentioned earlier, De Genova et al. (4) thermal-cycled elastomeric chains

and reported some minor improvement in the retention of force after 3 weeks.

In 1990 Ferriter (59) investigated the effect of pH extremes of plaque (4.95)
and saliva (7.26). The chains subjected to the basic solution exhibited substantially
more force decay over the 4-week testing period. Of the seven different chains studied,
the difference in force decay rates was apparent for six chains after 1 week.

Jefferies and von Fraunhofer (60) simulated disinfection (30 minutes) and
sterilization (10 hours and 1 week) of elastomeric chains from six different
manufacturers by immersing them in alkaline glutaraldehyde solutions. They subjected
the chains to tensile testing and found a slight increase in the distraction required to
generate 500 gm of force for the chains soaked for 1 week as compared with the
controls. Normally, tooth moving forces are not within the 500 grams range. Thus they
concluded that the use of alkaline glutaraldehyde solutions may have no deleterious
effects on the properties of the chains and may be an effective and convenient

approach to infection control for elastomeric chains.

Coffelt and von Fraunhofer,25 using a similar model for experimentation,
subjected the chains of three companies to regimens of 31% acidulated phosphate
fluoride (APF), 4% stannous fluoride (Gelkam), and 0.4% potassium chloride solution.
Their study showed that only 31% APF had any effect on the force delivery and decay
rate of the elastomeric chains.

3.4 Miscellaneous studies

In 1986 Sonis et al.(2) compared in vivo canine retraction by using two
elastomeric chains and a nylon covered latex thread. All the materials were extended
sufficiently to produce 350 to 400 gm of initial force. No significant difference in
tooth movement was noted for any of the products. This led the authors to conclude
that the magnitude of force maintained over a 3-week interval is not critical for

efficient tooth movement because of the large force range found to move teeth.
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Huget et al. (61) tried to define the mechanisms that contribute to the time-
dependent load decay phenomenon of elastomeric chains. They stored the chains of
two manufacturers in 37° C water for periods of 1, 7, 14, 42, and 70 days. The chains
were then loaded to 50%, 100%, and 200% of the original length followed by 90
seconds of recovery time before being subjected to a second loading. A gas
chromatography test was performed on the water in the storage vials to establish the
presence of any organic materials leached from the chains. From their data, they
concluded that the load decay associated with elastomeric chains for 1 and 7 days of
water storage may be the result of water sorption and the concurrent formation of
hydrogen bonds between the water molecules and macromolecules of the elastomer.
Organic material did not appear in the storage media until the fourteenth day of

immersion.

3.5 Summary of previous studies of orthodontic elastomeric chains

Elastomeric chains are not ideal elastic materials because their mechanical
properties change with time, temperature, and the environments in which they are
placed. Extensive bodies of literature have been published regarding the synthetic
elastomeric chains and concerning the force delivery and degradation properties, the

effect of prestretching, and the influence of a changing environment or composition.

3.5.1 Force delivery and force degradation

The degree of chains distraction required to deliver a force compatible with
physiologically sound tooth movements is still not completely characterized. Past
studies have shown large variations of force delivery levels among chains of different
manufacturers (Andreasen and Bishara, 1970; Hershey and Reynolds, 1975; Wong,
1976; Kvatch et al., 1976; Ash and Nikolai, 1978; Young and Sandrik, 1979; De
Genova et al., 1985; Rock et al., 1985). Most studies investigated initial force delivery
in the range of 100 to 350g as recommended by Sorey and Smith (21); Hixon et al.
(22) and Boester and Johnston (20) for canine retraction. Baty et al. (17) found the
elastomeric chains in their study required 52% to 57% extension to generate a force

level of 300g. These findings that would seem to concur with those of Rock et al. (12)
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who recommended distractions of 50% to 70% to provide the desired force of
approximately 300g. However, Taylor (62) in his unpublished thesis (1980) found
from his study that for different brands of elastomers required 60% to 150%
distraction to generate a force of 300g.

The rate of application of a load can affect the force delivery. Kovatch et al.
(9) reported that rapidly extended chains showed greater initial force levels than those
slowly stretched. However, the chains stretched at the slow rate exhibited less force
decay. Therefore they recommended slowly stretching the modules to position in the
mouth.

The configuration of the chain, namely closed loop, short filament, or long
filament, appears to affect the behavior of elastomeric chains. The shorter filament
chains generally provided higher initial force levels and retained a higher percentage
of the remaining force than the longer filament chains (Young and Sandrik, 1979; De
Genova et al., 1985; Williams and von Fraunhofer, 1990, cited in Baty1994).

The filler material used in tinting the chains, also can affect the force
delivery, as reported by William and von Fraunhofer (cited in Baty et al., 1994). The
tooth colored elastomeric chains and the clear chains provided a higher initial force
level and retained more of the original force after 1 week than the grey chain from the
same companies. However, the later study by Baty et al. (17) indicated that the
coloring of the recent generation chains had little effect on the initial force delivery
levels of the chains. Storie and von Fraunhofer (3), found that, although the fluoride-
releasing chains possessed a higher initial force level at 100% extension than grey
chains, they retained only 6% of the original force level.

Elastomeric chains generally loss 50% to 75% of their initial force during
the first day of load application with most of the force dissipation occurring within the
first hour. At three weeks, they retain only 30% to 40% of their original force.
Moreover, the studies by Hershey and Reynolds (7), and Ash and Nikolai (10)
conducted in vivo simulated tooth movement demonstrated that decreasing the
extension distance resulted in less initial force delivery and less initial force remaining

over the observed period.
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3.5.2 Prestretching effects

Prestretching effects regarding the force relaxation were evaluated by
Brooks and Hershey (57), Wong (8), Brantley et al. (11), Young and Sandrik (58),
Chang (63), and Chung et al. (54) under varying speeds, distances, environmental
conditions and duration. Therefore, it is very difficult to compare these studies except
those of Brantley et al. (11) and Williams and von Fraunhofer (cited in Baty et al.,
1994) who reported 100% prestretching from the original length. Although past
studies reported a range from 4% to 25% of increased retention in forced delivery

capability, they are probably clinically unimportant.

3.5.3 The effect of changing environments

Comparison has been made of the effects of different testing environments
to force delivery and force degradation rates. These investigations have looked at
conditions that could exist within the oral cavity or might be used in sterilization the
chains before placement in the mouth. Bishara and Andreasen (5) found no significant
differences existed when elastomeric materials were tested in water or saliva. However,
Ash and Nikolai (10), reported that force degradation was more rapid in the water and
oral environments than in the air, and that chains stored in vivo had greater force loss
than those stored in water after 3 weeks although both still maintained force levels of
more than 160g which, according to Storey and Smith (21), is effective in moving
teeth.

De Genova et al. (4) reported that the thermo-cycled chains stored in
artificial saliva displayed significantly less force loss than the chains maintained in the
same media at 37°C. Different pH media was found to have significant effects on force
decay behavior (Ferriter et al., 1990). Also long term storage of elastomeric chains in
water was found to substantially increase the force decay rate (Huget et al., 1990). The
elastic properties of the elastomeric chains can also be affected by exposure to topical
fluoride (von Fraunhofer et al., 1992). Cold disinfection with glutaraldehyde solution
appeared to have no effect when the clinical use of the elastomeric chains was

considered (Jeffries and von Fraunhofer, 1991).
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MATERIALS & METHODS

Two elastomeric chains which were currently used in orthodontic clinic, at

Faculty of Dentistry, Mahidol University:

- Tuff elastomeric chain (Glenroe technologies company, Forida, USA)

- Dynaflex elastomeric chain (Dynaflex company, St. Louis, Missouri, USA)

The open configuration elastomeric chains from both companies were used

as the testing samples in this study because it is widely used in orthodontic treatment.

(Figure 3) The details of these products were given in Table 2.
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Figure 3 Demonstrate four types of elastomeric chains and the open configuration

type (in the blue block) was used as the testing samples in this study

Table 2 Details of elastomeric chains

Brand name Tuff Dynaflex

Manufacture Glenroe technologies Dynaflex company
company

Country Florida, USA. St. Louis, Missouri, USA.

Configuration Open type Open type

Color Clear Clear

Date of manufacturing | 23/06/2007 12/05/2007
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METHODS

The methods of this randomized clinical trial study were divided into the

following steps.

L. Sample selection criteria and sample size
II. Appliance design and data collection

I11. Statistical analysis

I. Sample selection criteria and sample size

Thirty-two orthodontic subjects from the Orthodontic Clinic of the Faculty of

Dentistry, Mahidol University in Bangkok, Thailand were selected based on the

following criteria.

The inclusion criteria for this study were:

1.

All subjects aged over 13 years with full permanent dentition and no
missing teeth.

All subjects were healthy and without systemic disease.

Subjects’ orthodontic treatment required first premolar extraction in each
quadrant and no other extraction.

All subjects wore the pre-adjusted edgewise appliances in 0.022 x 0.028-
inch slot brackets (Roth’s prescription) and passive 0.016x 0.022 inch

stainless steel main archwires.

. Aligning and leveling phase of orthodontic treatment was completed.

All subjects needed canine retraction with sliding mechanics to close
premolar extraction sites.

Supplementary intermaxillary elastic traction was not used during space
closure to insure reliable results.

All subjects had good oral health.

Subjects and parents signed consent forms approved by the Ethics Board of

Mahidol University.
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The exclusion criteria for this study were:

1.

A R

Radiographic anomalies at dental or bone level

History of previous orthodontic treatment

Having anterior or posterior skeletal crossbite

Medication that could alter the oral environment or tooth movement
Loss of brackets or archwires bending from mastication force
Absence at any appointment

Emotional or behavioral problems

Diet counseling was given to all participants in this study. All subjects were

educated to diet to avoid the possible influence of abnormal pH change on the

behavior of the elastomeric chains. All subjects used the same brand of toothbrush and

toothpaste, provided by the researcher to control the pH level in the oral cavity. Strict

control of oral hygiene was maintained and checked during each appointment. Topical

fluoride treatments were forbidden during the study period.

The sample size in this study was calculated from a formula for planning

sample size from Applied Statistics by using the result data from the study of

Bousquet et al (1) shown below.

N=Z'c"
E2
N = sample size
V4 = standard normal value (95%)
o = the desired confidence coefficient
o = the varience of population or substitute by the planning

standard deviation for population (S)

E = the desired margin of sampling error
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The alpha significance level of 0.05, 1- a/2 = 0.975 and the standard normal

value (Z) was set. As from the table of normal distribution that Z (0.975) = 1.960

The variance of this study was obtained from the study of Bousquet et al. (1)

which was 12.94 grams.

The desired margin of sampling error (E) indicates how close the confidence
limit must be around the estimated mean. In this study, the desired margin of sampling

error was set at ten.

After substituting these values into the formula, the needed sample size for this

study was:

N = (1.96)* x (12.94)
(10)*

v SWE

The sample size should be an even number. Therefore, the sample size used in
this study would be eight subjects for each group.
All 32 subjects were divided into four study groups by different evaluation

periods. Each group consisted of eight subjects or 32 quadrants as below.

Group A (evaluation time at initial and 1-hour study periods)
(evaluation time at initial and 28-day study periods)

Group B (evaluation time at initial and 7-day study periods)

Group C (evaluation time at initial and 14-day study periods)

Group D (evaluation time at initial and 21-day study periods)
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I1. Appliance design and data collection

After the aligning and leveling phase was completed, a passive 0.016x 0.022
inch stainless steel archwire was inserted in 0.022 x 0.028-in slot brackets at least two
weeks before start of the canine retraction. Elastomeric chains were used as the canine
retraction force in the oral cavity. The length of elastomeric chains was used at
approximately 70% to 75% of the actual canine retraction distance (distance between
the auxiliary hook of the first molar tube and the distal aspect the distal wings of the
canine bracket). In each patient, both elastomeric chains (Tuff and Dynaflex
elastomeric chains) were used randomly in different arches and opposing quadrants.

A split-mouth study design was used to assign either Tuff or Dynaflex
elastomeric chains to be tested in each group. The first quadrant to receive Tuff
elastomeric chains was determined by the toss of a coin and alternated sequentially
between left and right sides for the remainder of the sample. Therefore, the split-

mouth study design could be divided into two types by position of elastomeric chain

(Fig 4).

Typel | Right Left Type Il | Right Left
Upper & D Upper D T
Lower D qL Lower T D

Figure 4. Type of a split-mouth study design

The force delivery from each elastomeric chain was measured with a
customized measuring device (Fig 5). The customized measuring device was
constructed using a dynamometer Correx (Haag-Streit; Berne, Switzerland) and a
mobile screw with a soldered post attached on the acrylic plate. The mobile screw
permitted distance graduation between the soldered post to the measuring pin on the

dynamometer.
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Figure 5. Customized measuring device of force delivery from elastomeric chain

At each appointment, the distance between the auxiliary hook of the first molar
tube and the distal aspect of the distal wings of the canine bracket was measured with
veneer calipers (Fig 6). This distance was the actual canine retraction distance and
recorded in millimeters. The elastomeric chain was transported from the oral cavity to
the customized measuring device, and the distance set between the soldered post to the
measuring pin on the dynamometer was equal to the actual canine retraction distance.
The force delivery from the elastomeric chain was measured and recorded at different

evaluation periods.

Figure 6. Measuring the actual canine retraction distance with a veneer caliper
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The initial force delivery was measured before placement into the oral cavity.
The elastomeric chain was inserted in the subject. One end was inserted in the
auxiliary hook of the molar and the other end was inserted into the distal wings of the

canine brackets (Fig 7).

Figure 7. Insertion of the elastomeric chain into the oral cavity

The force delivery from the elastomeric chain was measured and recorded in
gram units at different evaluation periods depending on group classification. In group
A, the force delivery was measured at initial placement and one hour, after that the
elastomeric chain was changed to new elastomeric chain and measured the force
delivery at initial placement and 28 days after the first measurement. In group B, the
force delivery was measured at initial placement and 7 days after the first
measurement. In group C, the force delivery was measured at initial placement and 14
days after the first measurement. In group D, the force delivery was measured at initial

placement and 21 days after the first measurement.
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I11. Statistical analysis

Statistical analysis was performed using Statistical Package for the Social
Sciences (SPSS) for Windows version 11.5. Results were presented as mean and
standard deviations for the force delivery in gram units and relative percentage
compared with the initial force. All groups fulfilled normality and homogeneity of
variance criteria; thereafter, parametric tests were used. Independent sample t tests
were used to evaluate the significant differences between both brands and arches. The

level of statistical significant difference was considered at P < 0.05.
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CHAPTER V
RESULTS

The results of this study were reported into 4 parts.

The force delivery of Tuff and Dynaflex elastomeric chains
Statistical analysis of the force delivery between Tuff and Dynaflex
elastomeric chains

Statistical analysis of the force delivery among the difference study
periods for each brand

Statistical analysis of the force delivery between the upper and lower
arch for each brand

Part 1. The force delivery of Tuff and Dynaflex elastomeric chains

Tuff and Dynaflex elastomeric chains were randomly assigned in different

arches and opposing quadrants for all participants. The force delivery that release from

the Tuff and Dynaflex elastomeric chain were recorded at 6 times interval through 28

days of the study period.

1. Atinitial placement in the mouth in all groups
2. 1 hour after the first measurement in group A
3. 7 days after the first measurement in group B
4. 14 days after the first measurement in group C
5. 21 days after the first measurement in group D

6. 28 days after the first measurement in group A

The first consideration, the initial forces of Tuff elastomeric chain were

compared among different groups by one way analysis of variance (ANOVA) which

employed by SPSS for windows version 11.5. The statistical analysis shown in Table 3
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which reveals no significantly differences of the initial force among different groups at
P value < 0.05.

In Dynaflex elastomeric chain, the initial force was compared among different
groups by one way analysis of variance (ANOVA) The statistical analysis shown in
Table 4 which reveals no significantly differences of the initial force among different
groups at P value < 0.05.

Table 3 Comparison of the initial force among different groups of Tuff elastomeric

chain
Sum of Mean
Chain Squares df Square F P-value
Between
Tuff Groups 21899.83 4 5474.96 2.26 0.07
Within Groups  181542.13 75 2420.56
Total 20344195 79

*The mean difference is significant at the .05 level

Table 4 Comparison of the initial force among different groups of Dynaflex

elastomeric chain

Sum of Mean
Chain Squares df Square F P-value
Between
Dynaflex Groups 4189.30 4 1047.33 0.49 0.75
Within Groups ~ 161582.50 75 2154.43
Total 165771.80 79

*The mean difference is significant at the .05 level

Table 5 and Table 6 demonstrated Mean, Standard deviation, Maximum and
Minimum of the force delivery in grams unit from Tuff and Dynaflex elastomeric
chains from initial placement through 28 days of study period. Tuff elastomeric chain
generated higher the mean force delivery than Dynaflex elastomeric chain exception at
14 days of study period. The maximum force of Tuff elastomeric chain was 440 grams
while 370 grams was generated from Dynaflex elastomeric chain. The minimum force

of Tuff elastomeric chain was 70 grams while 50 grams was generated from Dynaflex
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elastomeric chain. In the first hour, both elastomeric chains were remarkable reduced of
the force delivery. However the mean of force delivery of both elastomeric chains were
in the proper range for canine retraction from 350 grams to 100 grams through 28 days

of study period.

Table 5 Demonstrate descriptive statistics of the force delivery from Tuff elastomeric
chain through 28 days of study period

Tuff Force measurement (grams)

Time Mean + SD Maximum Minimum
Initial 320.77 + 50.75 440 225

1 hour 235.94 + 37.84 320 180

7 days 185.69 + 32.60 245 132

14 days 161.63 + 39.08 255 102

21 days 155.88 + 35.35 220 103

28 days 126.75 + 32.88 175 70

Table 6 Demonstrate descriptive statistics of the force delivery from Dynaflex

elastomeric chain through 28 days of study period

Dynaflex Force measurement (grams)
Time Mean + SD Maximum Minimum
Initial 291.05 +45.81 370 200
1 hour 216.19 + 31.09 280 165
7 days 170.06 + 33.92 220 125
14 days 161.88 + 48.54 271 100
21 days 143.00 + 28.70 192 103
28 days 117.63 + 35.78 170 50
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Characteristic of the force delivery from Tuff elastomeric chain through 28 days

of study period was shown in Figure 8 and 9. As shown in Figure 8, the greatest rate of

force decay occurred in the first hour. After first hour to 14 days, the force decay was

still to decline but in the lower rate than the first hour. After 14 days of the time

investigated, the force delivery remained nearly constant until 28 days.
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Figure 8 Graph of force delivery from Tuff elastomeric chain through 28 days
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Figure 9 Graph of mean, maximum and minimum force from Tuff elastomeric chain

in each study period
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Characteristic of the force delivery from Dynaflex elastomeric chain through 28
days of study period was shown in Figure 10 and 11. As shown in Figure 10, the
greatest rate of force decay occurred in the first hour. After first hour to 7 days, the
force decay was still to decline but in the lower rate than the first hour. After 7 days of

the time investigated, the force delivery remained nearly constant until 28 days.
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Figure 10 Graph of force delivery from Dynaflex elastomeric chain through 28 days
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Figure 11 Graph of mean, maximum and minimum force from Dynaflex elastomeric

chain in each study period
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Characteristic of the force delivery from Tuff and Dynaflex elastomeric chain
through 28 days of study period was shown in Figure 12. As shown in Figure 12, the
characteristic of the force delivery was similar curve which the greatest rate of force
decay occurred in the first hour. After first hour, the force decay was still to decline but

in the lower rate than the first hour.

Force delivery
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Figure 12 Graph of force delivery from Tuff and Dynaflex elastomeric chain through
28 days

Percentage of force decay from both elastomeric chains was represented in
Table 7 and Figure 13. As shown in Table 7 and Figure 13, Tuff elastomeric chain
generated higher the percentage of force decay than Dynaflex elastomeric chain through
28 days of study period. At 14 days, the difference of force decay between both
elastomeric chains was highest.

As shown in Table 8 and Figure 14, percentage of force remaining from Tuff
elastomeric chain was less than Dynaflex elastomeric chain through 28 days of study
period. However, the percentage of force remaining at 21 days and 28 days of both

elastomeric chains were approximate 50% and 40% of initial force, respectively.
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Table 7 Percentage of force decay from Tuff and Dynaflex elastomeric chains through

28 days
Time Mean (grams) % Force decay
Tuff Dynaflex Tuff Dynaflex

Initial 320.77 291.05 0.00 0.00

1 hour 235.95 216.19 26.45 25.72
7 days 185.69 170.06 42.11 41.57
14 days 161.63 161.88 49.61 44.38
21 days 155.88 143.00 51.40 50.87
28 days 126.75 Lre69 60.49 59.58

Forge Hecay.(94) Percentage of force decay
N B Tuff
60 - B Dynaflex
50
40
30 1
20 1
10 -
0 A
1 hour 7 days 14 days 21 days 28 days Time

Figure 13 Graph of percentage of force decay from Tuff and Dynaflex elastomeric

chains in each study period
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Table 8 Percentage of force remaining from Tuff and Dynaflex elastomeric chains
through 28 days

Time Mean (grams) % Force remaining
Tuff Dynaflex Tuff Dynaflex

Initial 320.77 291.05 100.00 100.00
1 hour 235.95 216.19 73.35 74.28
7 days 185.69 170.06 57.89 58.43
14 days 161.63 161.88 50.39 55.62
21 days 155.88 143.00 48.60 49.13
28 days 126.75 117.63 39.51 40.42

Percentage of force remaining
Force decay (%)
120 ~ | Tuff
100 - W Dynaflex
80 -
60
40
20
0 T T T T T '|"
Initial 1 hour 7 days 14 days 21 days 28 days fme

Figure 14 Graph of percentage of force remaining from Tuff and Dynaflex elastomeric
chains in each study period
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Part Il. Statistical analysis of the force delivery between Tuff and Dynaflex

elastomeric chains

Independent sample t-test by SPSS for windows version 11.5 was used to
compare the differences of force delivery between Tuff and Dynaflex elastomeric
chains in each study period through 28 days. The statistical analysis result shown in
Table 10 which reveals a significantly differences in force delivery between Tuff and
Dynaflex elastomeric chain at initial measurement and no significantly differences in

other study periods at P value < 0.05.

Table 9 Demonstrate descriptive statistics of the force delivery from Tuff and

Dynaflex elastomeric chains through 28 days of study period

Mean + SD Maximum - Minimum

Time
Tuff Dynaflex Tuff Dynaflex
Initial 320.77 £50.75  291.05 +45.81 440 - 225 370 -200
1 hour 23594 +37.84 216.19 + 31.09 320 - 180 280 - 165
7 days 185.69 + 32.60  170.06 + 33.92 245 - 132 220 - 125
14 days  161.63 +39.08 161.88 +48.54 205 107 271-100
21days  155.88+35.35 143.00 +28.70 220 - 103 192 - 103
28 days 126.75 +32.88 117.63 +35.78 175-70 170 -50
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Table 10 Comparison of mean force delivery between Tuff and Dynaflex elastomeric
chains in each study period

Std. Error Mean

Time Difference af Difference t P-value
Initial 7.673 158 31.663 4.127 0.001*
1 hour 12.244 30 19.750 1.613 0.117

7 days 11.762 30 15.625 1.328 0.194
14 days 15.580 30 -0.250 -0.016 0.987
21 days 11.383 30 12.875 1.131 0.267
28 days 12.147 30 9.125 SA751 0.458

*The mean difference is significant at the .05 level
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Part I11. Statistical analysis of the force delivery among different study periods for

each brand

One way analysis of variance (ANOVA) was used to compare the force delivery
among different study periods for each brand. One way analysis of variance (ANOVA)
and Dunnett T3 multiple comparison tests were employed by SPSS for windows version
11.5. One way analysis of variance (ANOVA) at P value < 0.05 reveals significantly
differences among all groups. When using a Dunnett T3 multiple comparison,

significantly differences at P value < 0.05 showed in Table 11 and Table 12.

Table 11 The comparison of mean force delivery among different study periods from

Tuff elastomeric chains

Tuff Elastomeric Chain

Time Initial 1 hour 7 days 14 days 21 days 28 days
Initial - 0.001* 0.001* 0.001* 0.001* 0.001*
1 hour 0.001* - 0.005* 0.001* 0.001* 0.001*
7 days 0.001* 0.005* - 0.605 0.230 0.001*
14 days | 0.001* 0.001* 0.605 - 1.000 0.137
21 days 0.001* 0.001* 0.230 1.000 - 0.262
28 days 0.001* 0.001* 0.001* 0.137 0.262 -

*The mean difference is significant at the .05 level
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Table 12 The comparison of mean force delivery among different study periods from

Dynaflex elastomeric chains

Dynaflex Elastomeric Chain

Time Initial 1 hour 7 days 14 days 21 days 28 days
Initial - 0.001* 0.001* 0.001* 0.001* 0.001*
1 hour 0.001* - 0.006* 0.013* 0.001* 0.001*
7 days 0.001* 0.006* - 1.000 0.252 0.003*
14 days | 0.001* 0.013* 1.000 - 0.933 0.089
21 days | 0.001* 0.001* 0.252 0.933 - 0.378
28 days | 0.001* 0.001* 0.003* 0.089 0.378 -

*The mean difference is significant at the .05 level

Statistical analysis shown in Table 11 and Table 12 revealed that significant
differences in initial force and force measurement at 1 hour among different study
periods. The force measurement of both elastomeric chains at 14 days was not
significantly different from the force measurement at 21 days and 28 days. Therefore,
Tuff and Dynaflex elastomeric chains can generate the nearly constant force delivery
from 14 to 28 days.
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Part IV. Statistical analysis of the force delivery between upper and lower arch for

each brand

Independent sample t-test by SPSS for windows version 11.5 was used to
compare the differences of force delivery between upper and lower arch from Tuff and
Dynaflex elastomeric chains through 28 days. Results of statistical analysis were shown
in Table 13, 14 which reveals no significantly differences in force delivery between
upper and lower arch from Tuff and Dynaflex elastomeric chains through 28 days at P

value < 0.05.

Table 13 Comparison of mean force delivery between upper and lower arch in Tuff

elastomeric chains (grams)

Tuff Elastomeric Chain

Std. Error Mean

me Difference S Difference t yvalue
Initial 11.483 78 -5.375 -0.468 0.641
1 hour 18.085 14 -28.125 -1.555 0.142
7 days 16.798 14 -5.875 -0.350 0.732
14 days 18.201 14 33.000 1.813 0.091
21 days 18.109 14 9.750 0.538 0.599
28 days 17.015 14 -0.500 -0.029 0.977

*The mean difference is significant at the .05 level
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Table 14 Comparison of mean force delivery between upper and lower arch in
Dynaflex elastomeric chains (grams)

Dynaflex Elastomeric Chain

T Cifeance 9 Diffgence ' Pvae
Initial 10.296 78 -4.450 -0.432 0.667
1 hour 15.962 14 =7.625 -0.478 0.640
7 days 17.493 14 5.625 0.322 0.753
14 days 25.121 14 1.250 0.050 0.961
21 days 14.531 14 11.500 0.791 0.442
28 days 18.435 14 6.500 0.353 0.730

*The mean difference is significant at the .05 level
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CHAPTER VI
DISCUSSION

Orthodontic elastomeric chains are used extensively in stage of space closure
because they are economical, easy to use, relatively hygienic, comfortable for patients
and require little or no patient cooperation (2). They also allow patient participation
through their choice of color selections (3). Elastomeric chains, however, are not
without their disadvantages. As they are themselves elastic, they could be easily
extended and may have surpassed the elastic limit especially when exposed to an oral
environment. After absorbing water and saliva, they become permanently stained and
suffer a breakdown of internal bonds that leads to permanent deformation (5). They
also experience a rapid loss of force due to stress relaxation, resulting in a gradual loss
of effectiveness (5, 6). This loss of force makes it difficult for orthodontists to
determine the actual force transmitted to the dentition in the oral cavity. As such, it
had become interesting for orthodontist who using the elastomeric chains should know
about:

1. The performance of elastomeric chains

2. The amount of force for the particular tooth movement

3. The forces delivery of elastomeric chains

4. The amount of force degradation of elastomeric chains over time

5. The length of elastomeric chains which generate the proper force for tooth

movement etc.

Tuff and Dynaflex elastomeric chains were used as the tested samples in this
study because they were used regularly in Orthodontic Clinic, at the Faculty of
Dentistry, Mahidol University, Bangkok, Thailand. No previous study had been made
about the force delivery and degradation property of both elastomeric chains from
initial force level through 28 days. Both elastomeric chains were imported from the

United States of America and had similar characteristics regarding configuration, color,
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cost and batch number. Young and Sandrik (1979), De Genova et al. (1985) and
Williams and von Fraunhofer (1990) reported that the configuration of chains, namely
closed loop, short filament or long filament, appears to affect the behavior of
elastomeric chains. The filler material used in tinting the chains, also can affect the
force delivery, as reported by William and von Fraunhofer (1990). Therefore, the open
short configuration of elastomeric chain was chosen to be tested in this study because
it is an intermediate size and is most frequently used by orthodontists for class I intra-
arch force. Clear colored elastomeric chains were chosen to be tested in this study
because it had no effect from the different tinting filler material. As such, the clear
color and the open short configuration of elastomeric chain could be matched between
both companies.

In the past, most studies about elastomeric chains have been directed to study
the force delivery and degradation property of elastomeric chains from initial force
level through 28 days, the effects of prestretching and the influence of a changing
environment or composition to property of elastomeric chains. And they have been
performed under laboratory conditions, which only simulate the oral environment (12).
Few in vivo-studies (8, 12, 57) have been made, and they did not consider all of the
above mentioned. Ash and Nikolai (1978) found that elastomeric chains exposed to an
in-vivo or a humid in-vitro environment had less residual force compared with
elastomeric chains maintained in dry conditions. Kuster et al (1986) reported that force
decay was greater in vivo compared with in vitro experiments. Therefore, this study
was designed to be randomized clinical trial study The aim of this study has been
directed to investigate the force delivery and degradation property of elastomeric
chains in vivo compared with in vitro study (our unpublished thesis). Researches
attempted to control some variables such as oral hygiene, pH of the saliva,
randomization of the occlusal forces and oral temperature. Diet counseling to all
participants in this study was controlled the possible influence of abnormal pH values
on the behavior of the elastomeric chains. All patients were used the same brand of the
toothbrush and toothpaste which were received from researcher for control the pH

value in oral cavity. Strict control of oral hygiene was maintained and checked during
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each appointment. Topical fluoride treatments were forbidden during the study

periods.

Our unpublished thesis (58) reported that the length of Tuff and Dynaflex
elastomeric chain, which generated the proper force delivery for canine retraction was
approximately 70% to 75% of the canine retraction distance (28 mm.). Chung et al.
(54) and Stuart (19) suggested that a distance of 28 mm. was equal to simulate canine
retraction distance which representing an average distance from midpoint of the canine
crown to the buccal groove of the first permanent molar. It was conclusive to use 28
mm. to represent the average distance from midpoint of the canine crown to the buccal
groove of the first permanent molar as the canine retraction distance in the previous
unpublished thesis (58). In the past, variable distances have been used to test force
degradation of elastomeric chains (5, 12, 13). Rock et al. (9) showed on average a
molar-canine distance and greater variability of results. However, their values related
to molar-canine distance after alignment of labial segment had been achieved. This
clinical study showed variability of the canine retraction distance in agreement with
Rock et al. (9). As such, this study aimed to determine Tuff and Dynaflex elastomeric
chains, in lengths approximately 70% to 75% of the actual canine retraction distance
could generate the proper force delivery for canine retraction through 28 days.

All subjects were divided into four study groups by different evaluation
periods for the convenience of the participants in this study. The evaluation periods
were set at initial placement, 1 hour, 7 days, 14 days, 21 days and 28 days because the
aim of this study to investigate the force delivery from elastomeric chains through 28
days. Furthermore, this period (28 days) allowed time to recall the subjects to adjust

the archwire or change the elastomer.

A split-mouth study design was used to assign either Tuff or Dynaflex
elastomeric chains to be tested in each participant because the objective of this study
was to compare the forces delivery between the upper and lower arches from each
brand through 28 days of in clinical use for canine retraction.
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Part I. The force delivery of Tuff and Dynaflex elastomeric chains

The results of this study found that Tuff and Dynaflex elastomeric chains, in
lengths approximately 70% to 75% of the actual canine retractions distance can
produce the proper force for canine retraction throughout 28 days of observation
period. These findings were similar with our previous study conducted by in the
laboratory testing (58). However, both studies have slight differences concerning the
magnitude of force delivery especially the initial measurement and percentage of force
decay. These findings were agreement with various studies (4, 5, 9, 12-15) also
showing different force magnitudes. Tuff and Dynaflex elastomeric chains in vitro
study generated higher initial force delivery than in this study. It could be due to the
discrepancy in canine retraction distance. In vitro study used 28 mm. to represent the
average distance from midpoint of the canine crown to the buccal groove of the first
permanent molar as the canine retraction distance while this study showed variability
of the canine retraction distance (between 14.5 mm. to 23.5 mm.). Furthermore, the
force decay of both elastomeric chains in vitro study was higher than in vivo study as
shown in Table 15. These findings disagreed with the study of Ash and Nikolai (1978)
and Kuster et al (1986) that force decay was greater in vivo compared with in vitro
experiments. It could be possible that these studies (8, 12) aimed to evaluate force
decay resulting from chemical degradation of the elastomeric chain but the method did
not involve actual orthodontic treatment. It was noted that the study of Ash and
Nikolai (1978) used a high initial force (600-700 grams) while the study of Kuster et
al (1986) extended elastomeric chains up to 200 percent of their original passive

length and it may have surpassed the elastic limit of the elastomeric chains.
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Table 15 Demonstate force delivery and force decay of elastomeric chains between in

vitro and in vivo studies

Mean (grams) % Force decay
Time Tuff Dynaflex Tuff Dynaflex
Vitro | Vivo | Vitro | Vivo | Vitro | Vivo | Vitro | Vivo

Initial | 363.26 | 320.77 | 342.34 | 291.05 | 0.00 0.00 0.00 0.00

1 hour | 200.90 | 235.94 | 224.05 | 216.19 | 44.70 | 26.45 | 34.55 | 25.72

7 days | 157.36 | 185.69 | 146.65 | 170.06 | 56.68 | 42.11 | 57.16 | 41.57

dg‘/S 149.40 | 161.63 | 146.85 | 161.88 | 58.87 | 49.61 | 57.10 | 44.38
di;l/s 120.74 | 155.88 | 138.08 | 143.00 | 66.76 | 5140 | 59.67 | 50.87
dif/s 117.28 | 126.75 | 13461 | 117.63 | 67.71 | 60.49 | 60.68 | 59.58

The force degradation behavior of Tuff’s and Dynaflex’s elastomeric chains
showed a similar curve as shown in Fig 12. The percentage of force decay and force
remaining from Tuff and Dynaflex elastomeric chains through 28 days of study period
were shown in Tables 7, 8 and Figures 13, 14. In all chains, the greatest rate of force
decay occurred in the first hour. Within the first hour, a loss of 26.45% of the initial
force exerted and after 14 days occurred, the force remaining in Tuff elastomeric
chains remained nearly constant until day 28 of the tested period. While a loss of
25.72% of the initial force within the first hour exerted by Dynaflex elastomeric chains
and after 14 days was found, the force remaining in Dynaflex elastomeric chain
remained nearly constant until day 28 of the tested period. These findings agreed with
various studies (1, 5, 12, 13, 15, 16, 57) in that the greatest loss of force in elastomeric
chains occurred in the first hour, but were inconsistent regarding the magnitude of the
force decay. This may have resulted as this study found that force decay of
approximately 40-50% occurred during 7 to 21 days. Previous studies reported that
elastomeric chains experience a steep decrease in force, ranging from 40%- 50%

during the first 24 hours, which still continued decline at a lower rate for two to three
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weeks. The percentage of lost initial force varied depending on the methodological
differences such as brand of elastomeric chain, number of elastomers, variables

controlled and environment in which the elastomeric chains were tested.

Bishara and Andreasen (59) found no significant differences existed when
elastomeric materials were tested in water or saliva. However, Ash and Nikolai (12),
reported that force relaxation was more rapid in the water and oral environments than
in the air, and that chains stored in vivo had greater force loss than those stored in
water after three weeks. De Genova et al. (4) reported that thermo-cycled chains stored
in artificial saliva displayed significantly less force loss than chains maintained in the
same media at 37°C. Ferriter et al. (60) reported that different pH media were found to
have significant effects on force decay behavior. Also, Huget et al. (61) reported that
long term storage of elastomeric chains in water was found to substantially increase
the force decay rate. Von Fraunhofer et al. (1) reported that the elastic properties of the
elastomeric chains can also be affected by exposure to topical fluoride. Jeffries and
von Fraunhofer (62) reported that cold disinfection with gluteraldehyde solution
appeared to have no effect when the clinical use of the elastomeric chains was
considered. According to Kapila (63), the oxygen concentration and pH changes have
no obvious significant effect on force degradation of elastomeric chains, whilst pre-
stretching and temperature are significantly affected. Bishara & Andreasen (59) found
no statistically significant difference between testing at room temperature and testing

at 37°C in water.

Some authors found that force decay was greater in vivo compared with in
vitro experiments (8, 12). Even with this consideration, results of this study found that
force decay was lower than in most studies except for Bousquet’s study. Another
possible explanation for the observed differences could be that the initial force did not
pass the elastic limit of the elastomeric chain as did the referenced studies. Most of
these used heavy forces as shown in Table 16. This might have altered the internal

structure of the elastomeric chains.
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Table 16 Comparison of force decay in elastomeric chains in various studies

Study Initial force Experimental Percentage of | Percentage of
(grams) design force decay force decay
after 1 hour after 3 weeks
Hershey and
Reynolds 284-573 In vitro 36 58
Wong @ 300-450 In vitro No information 17-23
Ash and
Nikolai @ 603-694 In vitro and 45-48 48-58 | 54-67, 72-75
in vivo
Young and No
Sandrik (* 180 In vitro 31-43 information
De Genova et al” 241-436 In vitro No information 37-59
Killiany and
Duplessis (*” 330-375 In vitro No information 32-67
Kuster et al (¥ 286-352 Invitroand | No information 26-217
279-315 in vivo 46-55
Lu etal (64) 364-370 In vitro 20-55 20-55
Talounis et al 279-352 In vitro 53-68 53-68
Bousquet et al ©" 200 %o 15-20 24-27
Poolkerd et al
(58) 300-350 In vitro 34-45 59-67
Present study 300-350 In vivo 25-27 50-52
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Part I1. Statistical analysis of force delivery between Tuff and Dynaflex

elastomeric chains

The results of this study found that major differences between Tuff and
Dynaflex elastomeric chains involved the magnitude of the force delivery especially
initial force. These finding agreed with various studies (4, 5, 9, 12-15) showing
different magnitudes of initial force. Tuff elastomeric chains generated higher initial
forces than Dynaflex elastomeric chains, similar to our previous study (58). Our
unpublished thesis found that Tuff elastomeric chains and clear chains generated the
highest force while jelly blue chains generated the lowest force. In Dynaflex
elastomeric chains, metallic silver chains generated the highest force while jelly blue
and pink chains generated the lowest force. Although both elastomeric chains were
synthesized from rubbers of polyurethane polymers, their formulation and other
additives included catalyst residuals, antioxidants, lubricants, colorants, solvents,
radioplaque filler and trace impurities depending on each manufacturer. In addition, it
is probable that differences may be attributed to several factors:

1. Variations in manufacturing technigues.

2. Variations in the additives incorporated in the basic polyurethane polymer

to obtain the final product.

3. Variations in morphology (ellipsoid or circular modules).

4. Variations in dimensional characteristic (different in an interloop distance)

of elastomeric chains.

It could be possible that different effects were due to the filler material used in
elastomeric chains (7) and variations in manufacturing techniques including control
quality of these process. However, the force delivery generated from both elastomeric
chains showed no significant differences from other study periods. Another possible
explanation could be that both elastomeric chains were imported from the United
States of America and had similar characteristics on configuration, color, cost and

batch number with the same standardization.
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Part I1l. Comparing force delivery among different study periods from each
brand

The comparison of force delivery among different study periods for each
elastomeric chain found that significant differences in initial force and force
measurement occurred at one hour among the different study periods. The force
measurement at 14 days was not significant differences from the force measurement at
21 and 28 days. This implies that both elastomeric chains generated nearly constant
force delivery between 14 to 28 days of the study period. These finding agreed with
various studies (1, 5, 12, 13, 15, 16, 57, 58) that the greatest rate of force decay
occurred in the first hour but was inconsistent with the study of Josell et al (2006)
reporting that after two to four days, the rate of force decay in elastomeric chains
remained nearly constant throughout the observation period. However, our
unpublished thesis (58) reported that in all tested elastomeric chains, the greatest rate
of force decay occurred in the first hour. After day 3, the force remaining in Tuff’s
elastomeric chain remained nearly constant over the time investigated. While after one
hour, the force remaining in Dynaflex’s elastomeric chain remained nearly constant
until day 7 of the tested period. Between 7 to 14 days of the time investigated, the
force decreased again and after 14 days, the force remaining remained nearly constant
over the time investigated. It could be possible that the discrepancy of force magnitude
varied depending on the methodological differences such as brand of elastomeric
chain, number of elastomers, variables controlled and environment in which the

elastomeric chains were tested.

Part IVV. Comparing force delivery between upper and lower arch for each brand

The comparison of force delivery between upper and lower arch from each
elastomeric chain through 28 days is shown in Tables 13 and 14. Statistical analysis
revealed no significant differences in force delivery between upper and lower arch
from Tuff and Dynaflex elastomeric chains through 28 days of study period at P value
< 0.05. These findings agreed with Bousquet’s study (57) that behavior of force
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delivery from each elastomeric chain between the upper and lower arch were clinically

similar.

Part V. Clinical implication

The results of this study suggested that both Tuff and Dynaflex elastomeric
chains, in lengths approximately 70% to 75% of the actual canine retraction distance,
can generate the proper force for canine retraction (the proper force was defined as the
force range 350 grams to 100 grams) throughout 28 days of study period. Researcher
found that 20% of all subjects, the maximum force of both elastomeric chains were
greater than 350 grams. However, the force which generated from all tested
elastomeric chains reduced to lesser than 350 grams in the first hour after initial
measurement. These imply that clinical implication should be prestretch the
elastomeric chain before placement on the teeth to avoid the initial force too much.
Furthermore, researcher found that 25% of all subjects, both elastomeric chains
generate the force lesser than 100 grams at 28 days which was required for canine
retraction. As such, in some case, the patients were recalled for replacement of

elastomeric chains at three weeks period.
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CHAPTER VII
CONCLUSION

This randomized, clinical trial study (in vivo) was designed to investigate the
force delivery of elastomeric chains for canine retraction. The study was conducted in
vivo on the canine retraction phase of first premolar extraction orthodontic treatment
patient. Tuff and Dynaflex elastomeric chains which were used as the testing samples
in this study because they were used regularly in the Orthodontic Clinic, at the Faculty
of Dentistry, Mahidol University, Bangkok, Thailand.

Tuff and Dynaflex elastomeric chains were randomly assigned in different
arches and opposing quadrants (Split mouth designed) for canine retraction. Each
subject was measured the actual canine retraction distance with a veneer caliper and
the elastomeric chains were cut approximately 70% to 75% of the actual canine
retraction distance. Each elastomeric chain was transferred to the customized
measuring device and slowly stretched equal to the actual canine retraction distance.
Force measurements were recorded as the initial forces. All participants were followed
up to measure the canine retraction distance and the force delivery released from the
Tuff and Dynaflex elastomeric chains at six time intervals through 28 days of the

study period.

The conclusions of this study were as follow:

1. The results in this study showed that both Tuff and Dynaflex elastomeric
chains, in lengths approximately 70% to 75% of the actual canine retraction distance,
can generate the proper force for canine retraction (the proper force was defined as the
force range 350 grams to 100 grams) throughout 28 days of study period.

2. Both elastomeric chains showed significant differences in initial force and
no significant differences in other evaluation periods. The results showed that major
differences between Tuff and Dynaflex elastomeric chains were the magnitude of the
initial force. These finding were agreement with various studies (4, 5, 9, 12-15) which
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also show the different magnitude of force especially the initial force. The force decay
behavior of Tuff and Dynaflex elastomeric chains showed a similar curve. These
findings were agreement with various studies (1, 5, 12, 13, 15, 16, 57) in that the
greatest loss of force in elastomeric chains occurred in the first hour, but was
inconsistent with magnitude of the force decay.

3. Each elastomeric chain showed significant differences in initial force and
force measurement at one hour among the different time periods. The force
measurement at 14 days was not significant differences from the force measurement at
21 and 28 days. The results showed that both elastomeric chains generate nearly
constant force delivery from 14 days to 28 days of study period.

4. No significant differences in force delivery were found between upper and
lower arch from Tuff and Dynaflex elastomeric chains through 28 days at P value <
0.05. These findings agreed with Bousquet’s study (57).

5. There are 20% of all subjects, which the maximum force of both elastomeric
chains was greater than 350 grams. However, the force which generated from all
tested elastomeric chains reduced to lesser than 350 grams in the first hour after initial
measurement. These imply that clinical implication should be prestretch the
elastomeric chain before placement on the teeth to avoid the initial force too much.

6. There are 25% of all subjects, which both elastomeric chains generate the
force lesser than 100 grams which was required for canine retraction. As such, in some
case the patient should recall for replacement of elastomeric chains at three weeks

period.
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CHAPTER VIII
SUGGESTION

The findings of this study showed that Tuff and Dynaflex elastomeric chains
generated proper the force delivery throughout 28 days of observation period. As such,
both elastomeric chains, in lengths approximately 70% to 75% of the actual canine
retractions distance can produce the desired force for canine retraction. However,
further studies are required to investigate the other critical point. The following

suggestions for further work from this study were:

1. Further studies should be compared the high cost of elastomeric chains
with general commercially elastomeric chains.

2. Further studies are required to investigate the force delivery of elastomeric
chains imported from different country.

3. It is interesting that further studies are required to investigate the force

delivery of elastomeric chains more than four weeks.



Sarocha Poolkerd References / 70

REFERENCES

1. von Fraunhofer JA, Coffelt MT, Orbell GM. The effects of artificial saliva and
topical fluoride treatments on the degradation of the elastic properties of
orthodontic chains. Angle Orthod. 1992 Winter;62(4):265-74.

2. Sonis AL, Van der Plas E, Gianelly A. A comparison of elastomeric auxiliaries
versus elastic thread on premolar extraction site closure: an in vivo study.
Am J Orthod. 1986 Jan;89(1):73-8.

3. Storie DJ., Regennitter F., von Fraunhofer JA. Characteristics of a fluoride-
releasing elastomeric chain. Angle Orthod. 1994;64(3):199-209; discussion
10.

4. De Genova DC, Mclnnes-Ledoux P, Weinberg R, Shaye R. Force degradation of
orthodontic elastomeric chains--a product comparison study. Am J Orthod.
1985 May;87(5):377-84.

5. Andreasen GF, Bishara S. Comparison of alastik chains with elastics involved with
intra-arch molar to molar forces. Angle Orthod. 1970 Jul(3):151-8.

6. Bishara SE, Andreasen GF. A comparison of time related forces between plastic
alastiks and latex elastics. Angle Orthod. 1970 Oct;40(4):319-28.

7. Baty DL, Volz JE, von Fraunhofer JA. Force delivery properties of colored
elastomeric modules. Am J Orthod Dentofacial Orthop. 1994
Jul;106(1):40-6.

8. Kuster R, Ingervall B, Burgin W. Laboratory and intra-oral tests of the degradation
of elastic chains. Eur J Orthod. 1986 Aug;8(3):202-8.

9. Rock WP, Wilson HJ, Fisher SE. A laboratory investigation of orthodontic
elastomeric chains. Br J Orthod. 1985 Oct;12(4):202-7.

10. Killiany DM, Duplessis J. Relaxation of elastomeric chains. J Clin Orthod. 1985
Aug;19(8):592-3.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /71

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Brantley WA, Salander S, Myers CL, Winders RV. Effects of prestretching on
force degradation characteristics of plastic modules. Angle Orthod. 1979
Jan;49(1):37-43.

Ash JL, Nikolai RJ. Relaxation of orthodontic elastomeric chains and modules in
vitro and in vivo. J Dent Res. 1978 May-Jun;57(5-6):685-90.

Wong AK. Orthodontic elastic materials. Angle Orthod. 1976 Apr;46(2):196-205.

Kovatch JS, Lautenschlager EP, Apfel DA, Keller JC. Load-extension-time
behavior of orthodontic Alastiks. J Dent Res. 1976 Sep-Oct;55(5):783-6.

Hershey HG, Reynolds WG. The plastic module as an orthodontic tooth-moving
mechanism. Am J Orthod. 1975 May;67(5):554-62.

Josell SD, Leiss JB, Rekow ED. Force degradation in elastomeric chains. Semin
Orthod. 1997 Sep;3(3):189-97.

Naghdi J. The degradation of force over time in colored open and closed elastic
chains. Masters Thesis, University of Maryland at Baltimore, Baltimore,
MD. 1994.

Williams J, vonFraunhofer J. Degradation of the elastic properties of orthodontic
chains. Master's Thesis, University of Louisville, Louisville, Kentucky.
1990.

Leiss JB. The degradation of force in orthodontic chain elastics over time.
Research Project, Department of Orthodontics, University of Maryland at
Baltimore. 1990.

Hixon EH, Atikian H, Callow GE, McDonald HW, Tacy RJ. Optimal force,
differential force, and anchorage. Am J Orthod. 1969;55:437-57.

Boester CH, Johnston LE. A clinical investigation of the concepts of differential
and optimal force in canine retraction. Angle Orthod. 1974;44:113-9.

Storey EE, Smith R. Force in orthodontics and its relation to tooth movement
Aust J Dent 1952;56:11-8.

Proffit W. Contemporary Orthodontics. St Louis, Calif: Mosby- Year Book Inc.
2007:332-40.

Burstone C. The biophysics of bone remodeling during orthodontics-optimal force
considerations. In: Norton LA, Burstone CJ, eds. The Biology of Tooth
Movement. Boca Raton, Fla: CRC Press. 1989:321-34.



Sarocha Poolkerd References / 72

25

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Quinn RS, Yoshikawa DK. A reassessment of force magnitude in orthodontics.
Am J Orthod. 1985 Sep;88(3):252-60.

Schwartz AM. Tissue changes incidental to orthodontic tooth movement. Int J
Orthod. 1932:331-52.

Oppenheim A. Human tissue response to orthodontic intervention of short and
long duration. Am J Orthod Oral Surg. 1942;28:263-301.

Reitan K. Clinical and histologic observations on tooth movement during and after
orthodontic treatment. Am J Orthod. 1967 Oct;53(10):721-45.

Begg P. Differential force in orthodontic treatment. 1956;42:481-510.

Reitan K. Some factors determining the evaluation of forces in orthodontics. Am J
Orthod Oral Surg. 1957;43:32-45.

Reitan K. Orthodontics current principles and techniques. In: Graber TM, Swain B,
eds. Orthodontics: current principles and techniques. St Louis: CV Mosby.
1985:101-92.

Lee BW. Relationship between tooth-movement rate and estimated pressure
applied. J Dent Res. 1965 Sep-Oct;44(5):1053.

Hixon EH, Aasen TO, Arango J, Clark RA, Klosterman R, Miller SS, Odom WM.
On force and tooth movement. Am J Orthod Oral Surg. 1970;57:476-89.

Nikolai RJ. On optimum orthodontic force theory as applied to canine retraction.
Am J Orthod. 1975;68:290-302.

Iwasaki LR, Haack JE, Nickel JC, Morton J. Human tooth movement in response
to continuous stress of low magnitude. Am J Orthod Dentofacial Orthop.
2000 Feb;117(2):175-83.

Bryson J.A. Rubbery materials and their compounds. Elsevier applied science,
London and Newyork. 1988.

Smith WF. Polymeric materials. In: Materials Science and Engineering. 2nd
ed.New york: McGraw-Hill. 1993:p. 275-372.

Barlow FW. Elastomers : Natural rubber. In: Rubber Compounding, Principle,
Materials and techniques. 2 ed. New York: Mercel Dekker. 1993:p. 9-27.

Varner AM. Rubber. In: Young JF, editor. Materials and Processes. 2 ed. New
York: John Wiley & Sons. 1954:p. 535-47.

Billmeyer FW. Textbook of polymer science. 3rd ed. New York: John Wiley. 1984,



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /73

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Haper CA. Handbook of plastics and elastomers. New York: McGraw-Hill. 1975.

Baker H. Treatment of protruding and receding jaws by the use of intermaxillary
elastics. Int DentJ 1904; 25:344-56.

Parrie WJ, Spence JA. Elastics— their properties and clinical applications in
orthodontic fixed appliance therapy. Br J Orthod. 1973;1:167-71.

Roff W.J., Scott J.R. Fibers, Films, Plastics and Rubbers. In A Handbook of
Common Polymers. Butterworth & Co. (Publishers) LTD., London.
1971:446-57.

Coury AlJ., Slaikeu P.C.X., Cahalan P.T., Stokes K.B., C.M. H. Factors and
interaction affecting the performance of polyurethane elastomers in
medical devices. J Biomaterials Appl. 1988;3:130-79.

Rizzardo E. Polymer synthesis by Chain Growth Polymerization. In: Polymer
Update: Science and Engineering (Eds. Cook W.D. and Guise G.B.)
Polymer division, Royal Australian Chemical Institute, Parkville, Victoria.
1989:19-68.

Gogolewski S. Selected topics in biomedical polyurethanes. A review. Colloid
Polym. Sci. 1989;267:757-85.

Shanks R.A. Step growth polymerization. In: Polymer Update: Science and
Engineerign (Eds. Cook W.D. and Guise G.B.). Polymer division, Royal
Australian Chemical Institute, Parkville, Victoria. 1989:19-68.

Burford R.P. Elastomers: structure and properties. In: Polymer Update: Science
and Engineering (Eds. Cook W.D., Guise G.B.). Polymer Division, Royal
Australian Chemical Institute, Parkville, Victoria. 1989:173-2109.

Silver F.H., Doillon C. Biocompatibility: Interactions of Biological and
Implantable Materials. VCH Publishers, Inc., New York. 1989:129-77.

Craig R.G. Restorative Dental Materials. (Eight edition). C.V. Mosby Co., St.
Louis, Mo. 1989:65-86.

Chung P.C.K., Wei S.H.Y., Reynolds I.R. In vitro testing of elastomeric modules.
Br J Orthod 1989;16:265-9.

Ware A.L. Some properties of plastic modules used for tooth movement. Aust
Orthod J 1971;3:200-2.



Sarocha Poolkerd References / 74

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Varner R.E., Buck D.L., . Force production and decay rate in Alastik modules. J
Biomed Mat Res. 1978;12:361-6.

Hershey H., Brooks D. Effect of heat and time on stretched plastic orthodontic
modules. J Dent Res. 1976;55B:363.

Young J, Sandrik JL. The influence of preloading on stress relaxation of
orthodontic elastic polymers. Angle Orthod. 1979 Apr;49(2):104-9.
Bousquet JA, Jr., Tuesta O, Flores-Mir C. In vivo comparison of force decay
between injection molded and die-cut stamped elastomers. Am J Orthod

Dentofacial Orthop. 2006 Mar;129(3):384-9.

Poolkerd S, Raungpaka S, Charoenying H, Jaochakarasiri P. In vitro study of
orthodontic elastomeric chains for canine retraction. [thesis]. Bangkok:
Mahidol University; 2008.

Andreasen G, Bishara S. A comparison of time related forces between plastic
alastiks and latex elastics. . Angle Orthod 1970;40:319-28.

Ferriter JP, Meyers CE, Jr., Lorton L. The effect of hydrogen ion concentration on
the force-degradation rate of orthodontic polyurethane chain elastics. Am J
Orthod Dentofacial Orthop. 1990 Nov;98(5):404-10.

Huget EF, Patrick KS, Nunez LJ. Observations on the elastic behavior of a
synthetic orthodontic elastomer. J Dent Res. 1990 Feb;69(2):496-501.

Jeffries CL, von Fraunhofer JA. The effects of 2% alkaline glutaraldehyde solution
on the elastic properties of elastomeric chain. Angle Orthod. 1991
Spring;61(1):25-30.

Kapila S. Commentary: Characteristics of elastomeric chains. Angle Orthod
1994;64:465-6.

Lu TC, Wang WN, Tarng TH, Chen JW. Force decay of elastomeric chain--a
serial study. Part I1l. Am J Orthod Dentofacial Orthop. 1993
Oct;104(4):373-7.

Taloumis LJ, Smith TM, Hondrum SO, Lorton L. Force decay and deformation of
orthodontic elastomeric ligatures. Am J Orthod Dentofacial Orthop. 1997
Jan;111(1):1-11.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 75

Copyright by Mahidol University



Sarocha Poolkerd Appendix / 76

APPENDIX A

COA. No. MU-IRB 2008/087.0909

Documentary Proof of Mahidol University Institutional Review Board

Title of Project: In Vivo Study of Orthodontic Elastomeric Chains for Canine Retraction
Principle Investigator. Clinic Professor Somporn Raungpaka
Name of Institution. Faculty of Dentistry

Approval includes: 1) MU-IRB Submission form version received date 3 September 2008
2) Participant Information sheet version date 3 September 2008
3) Informed consent form version date 3 September 2008

Mabhidol University Institutional Review Board 1is in full compliance with International
Guidelines for Human Research Protection such as Declaration of Helsinki, The Belmont Report,
CIOMSGuidelines and the International Conference on Harmonization in Good Clinical Practice

(ICH-GCP)
Date of Approval. 9 September 2008
Date of Expiration. 8 September 2009

o

Signature of Chairman. ... g

Signature of Head of the Institute. ....... 2% Al X 1 P07
(Associate Profesggr Sankanee Chaiyaroj)
Vice President for Research and Academic Affairs

Office of the President, Mahidol University, 999 Phuttamonthon 4 Rd., Salaya. Phuttamonthon District,
Nakhon Pathom 73170. Tel. (662) 8496223-5 Fax. (662) 8496223




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 77

APPENDIX B

1PNA3A1051181A3IM3IDUNAITIIINIAINIIVY

a v A =2 1= J o v R o dy @ @
N13V8LIO msane lgoad lawesamsuasiludo luauiuanssudailu

Sagiszasn
A = a Ay v a P B oy o b o
maAny1Sunaveansan ldnn Tedara Tawes luvaznlFdailumwerlumssnyimaiuanssy

ailu

ad a v
I5N13I0Y

o aw d' Yo a :zl v Y Y Y = =1 =
himseiie lasuaruBusennnnenadithsauTnsamsuazdilnases (nsdiengline 18 1))
Y ] v
Tunpumulnd lumssarmaiuanssudailunde snouilunsmilosdusn
Y U v A A o U d' aa o
1. 1@5umamenmssd wuian sazaiegil imemsining
A A A o o o = & = o o
2. ATl UANITuIATiY tazFugaTHABNMIEBaazlsuss AUy
[ @ [ Y lqs/l = dy
3. MIfammanuanssuIailu giuasumsasiume)
Y
U =1 1 o
4. msaailudenTasld ladara lawes
A'l Yya o A 9 v a = o @
5. wasuilulisasuimsauilugnaeIaIsnumuRanIMINNIUANTITNIATY

UADUNINUIANINDNT IV

fe

=4

1. Jausanldonladaralamwes

aWa T I3 In3 90135398

A o = 12 J = dy o v o @
Lu@Q%Wﬂ’t‘)ﬁﬁﬂﬁZ:‘fouLﬁﬂlLiQm@ﬂI%@ﬂWﬁTmNE]‘iiuﬂlmgﬂ\i‘;’quﬁlﬂ’ﬂuﬂﬂﬁfl‘L!Sﬂﬂiilli]ﬂ‘l/\h«! N

o 9

ylud = T & ' ' A a A A 4 Al = s
Nlﬂuﬂﬂi1ullu%ﬂ G]N%3Z’NNﬂ@l@ﬂiZﬁ‘l/lﬁmwmi!,ﬂa’t‘)uﬂ‘llmﬂL!LGIJEJ] ’t‘)ﬂ‘VNﬂlE]iJailmﬂﬁﬁﬂHﬂulIHBﬂ

U

] v
A 1 v @ =

av = 1 o (=t A a @ 1= A
UDINTUIVY mumuumﬂnmﬂuﬂ !LﬂylllmﬂﬁWﬂﬂﬂ%ﬂﬁUWﬂﬁﬂﬂﬁﬁﬂﬁqmlﬁﬂlli\ﬁlﬂ\ﬂﬂf@ﬂ?ﬁiﬁmﬂﬁﬂ
Y aa £ @ o J a @ a [ 3 av 3 dyd 1< =3 =
15 lupaiiniuanssudailu AN RUALNNEMEAT UHIINORINHAR AUNTIVEATIH TuTumTANEIDT

~ 4 12 & 9 aa @ Y @ 4 a o a =
LLS\WlllﬂflﬂﬂT“BE]ﬁTE‘TIG]LIIﬂiﬂi%iuﬂﬁuﬂﬂuﬁﬂﬁiuﬂﬂwu AUSNUALNNYATAT UHI1INYIAYUYIA] 1N

) v v '
szansmmiisans lumsmasunvesiludeinse i e 114 lunanatinags 11/

szgznalumsI g

3 [ ] @ d' 9 (=) o 1 3 9
Tuaeunsiaszes lurealn uazdausan ldanladaralawes luudazasaazldian
1lsz3na 10-15 wh



Sarocha Poolkerd Appendix / 78

¢t L =
Uszlarunimadaziiadunadmutaz oo

A A

o q ¥ =2 P 1A I ' A A g A v oo
1/]']11’71/]3T]Jﬂ\Tﬂ'l!lj\ThlﬂiﬂﬂIclf@fﬂﬁi@]Lllf)i'J'lllLWfNW@Glﬂﬂ?ilﬂﬂ@u‘ﬂm@\iﬂumﬂ’lwﬁﬂqﬂ DHNIINIT

= @ = = @ = o Ao Y a wva = Y o aw
FUAYLINAADA 28 ’J“L!!Lf;’lzlﬂiEm!‘VIEJlJ’EJG]i1ﬂﬁqtllﬁillliﬁﬂﬂ‘iﬂ‘ﬂ1ﬂ1§‘1/lﬂaﬂﬁcluﬂE]\?‘lJ{]lJ@]ﬂ']i clﬂllﬂ‘ﬂ'l’ﬁ]ﬂ

Ed ' r Ed
TAeuwihiith hlgmswinnuenimuzauveslsdaalawes el deilwisiediiilszaninm lu

MIsnEIMNuanssudailuae 11

¥y A A a X o
VBIAEYUINDIVUNAVU !!ﬂ$ﬂ1§llf9ﬂ“ﬂﬂ'ﬂﬂﬂu
aw dyzﬁ Y1 Ao o Y @ @ @ v o 1 o
fﬂi'Jﬁ]EJ‘HﬁﬂEﬂu@ﬂ’Jﬂ‘VlﬂHﬂu@]ﬁNiUﬂ?iiﬂ‘kﬂ‘ﬂN‘V]uﬁﬂiiN%ﬂV\'u SAAUMIDOUAUNTIN
Y A " Y oA o A A o Ay Y 12 s 2 = g = '
u@ﬂ%uﬁﬂﬂglla') !WEJ\TL!'ILﬂi'E]\ﬁJf]il']'JﬂLLi\T‘Vl"lﬂi]']ﬂI“]f'f)a?ﬁjﬁlﬂﬂiiumuﬂﬂuﬂlﬂﬁﬂ1ﬁﬂ\iﬁulﬂlﬂﬂ "INVIJJ

neliinanuwdselag

MIguasn¥InNNaY

Yo o ' 2 v A o Yy I izl o wwﬂ uly ‘”(1 ﬂdl
HIYI VI ONVIVSINVUDHALNIINTANIVTIIN EATNNTILVUAVINAY LASITIUANY LAR WIS L UTUN

<3| aw a 9 a o 9 Y 1 1 ] 1 A A Y o Y
Lﬂuﬁqﬂwami’ma ﬂ']ﬂﬂﬂlﬂﬂslli’]llva!ﬂﬂjﬂﬂ@!5\]WS'JlIIﬂiﬁﬂ']i@lﬂﬁu'JEl\ﬂLlﬁﬂNc]VILﬂfJ'J‘UENﬂigcl/nulﬂLﬂW13

o

Ao ¥ a "o Y o ) v Yo ~ Y 9
ﬂiﬂ!ﬂ“‘]_luﬂjﬂlﬁ@!ﬂﬁﬂ’m?%']ﬂqiwnuu 'Vf']ﬂi]gﬁ'l’]\?ﬁ_]ﬂ!WfJ"Uf’)ﬂ:l'ﬁﬁﬂ\ihlﬂillﬂ')’]llf]uﬂﬁ]uﬂ?ﬂﬂ!‘lﬂijﬂiﬂjﬂﬂAﬁ
U

ne

a A Yy Y 1 av
a"ﬂﬁﬂlﬂﬂ@ﬁl]i??ﬂﬂiﬂﬂ1§ﬁ]ﬂ

Y Y AAa ad o P A il 1 o ~
NHJ13’JﬂJIﬂNmiilﬁ‘l’l‘.ﬁ‘ﬂfﬂxE]E]‘LmJﬂﬂﬂmﬂiﬂﬂmiulﬂnﬂmﬂ Tﬂﬂhluﬂjzﬂuﬂaﬂ'ﬁ@uaiﬂy']ﬂ

waldsuamilnd

%

1]

)

K-

)
1. maas1nsdnain aumns 150aun
MaIrAuanssudailu aaziuaunnemans wuiaa .13 wanln nzunwa 10400
ﬁagimas 49 goagyuIn 69 auugyuIn uv1ansz Tvue wadann ngunna10110
2. nwyuvierun 03y
madiuanssudailu augiuaunnemans uuiea 013 wan'’ln ngunwa 10400

Nogn1s  29/33 w.a21uAn8 o.admkin aderu njamna10700

w
=

NQY.HUAA 91IINTAT
masiuanssuiailu auziuaunnemans u.uiina 0.16% wanln ngamwa 10400
fieganns 50/2 wsj 10 a. Tanwiao auiled 1.a53 92000

4. nwgy.alsn wana
MAIAuAnssuTailu aaziuaunemans wuiaa 0.10% wanln azunwa 10400
flagons 3 wuuiuas s audugnd 0./mu asimae euides s.uum 11000
lunsdifidailymfuesaiing awsodade nuw.a13m wanaldaaen 24 $21us w3
Tnsfind 08-1644-5509




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 79

Y

denimsancmuasesssu (Ethical Consideration)
Y o =1 3 v a & an av 1o Yya o "9 Y
fveaszmindalszauduesesssy  935msave i ldinaduaseaeditnsoulnsams

-

oz ldliAamumanmsiseveusasan

Copyright by Mahidol University



Sarocha Poolkerd Appendix / 80

.
1AMSFUINIAFITITINMSTI 015 13-15T

(Assent form)

q' - g a’ ’ @ 1o F r 2 - - 4'
Tuenmisiioilvennuiinyeuddaluinle  Iaevempamusouniimyozilod 3001902 V0IONE1TH
ar P & ar v ' o & a P ar - ¢ 1 o 4
ndvlewnithuiodSnmnivgame- gousl gniifvios iewaiin unneszd1irveany nieunnenudu ey

Tumsanauladnsmmsioe

Folnzams msfinulBmalamed dmivAsiudva lueiuansauiatiu
fodise L AaA3 W5 IATATN duws Seenm
2. vwey.MvowUn 19300
3. nwg.Qiina1 91390375
4. ey 139 yaiha
aowii3te A adtiniuanssudaitu augiuaummemnans yauiiaa 0168 wayiln ngenmna 10400

¥
munsodnsie nwgy. ol yaia Tdilunazueniais 1wms wes Insdn 08-1644-5509

= o - i aw d t vt oo - .
vy Idsudeididhiunsitell sswduiiifiquaomudass  hillsalsziwh  dey 13 Tauly

1Asumsiaflusufumsoouiiunsnnieodusn 4 &

-

¥ ¥
winviydaduludrsawnsifouds ssivupeunsasde il fie

Funeumanla@lumsinnmaiuanssudai
1. 18Sumstenmisd fuithn wazdieq lemsdiiedy
neulunswlerdusn 4
Aandeailomaiunnssuiaitu uazﬁuuqn'?leumumn?umazﬂ*s"m:ﬁuﬁu

2
3
4. mainpmaiuAnInIay n’f'@fumunnﬁqﬁuﬁ'uu
5. nusfsihuionlaol¥Tesaininued

6

A o o e o o A o w
ndsuituIngadulimsavilugndesmsauaumdnininmaiuanssuiaitu

» i N 1
Tunoufifisnfisniion1s3d
w i ) fq o Y
1. SeussiildnnTgBaralawed TuduasunsAsituiios
a S v 4 4 5 ' a & o v =
ms3tondeil whifianudoelaq uaersiimudenannnninnd iesinsSausalssna 10-15 wii n3e

¥
p1IAR I ILTAUTMSToondInd 2-4 AT

,
wy I8 waziden luenmsinsuduuds

IO 13235

fusoslavnwenssumstisssumsidoluay

miivodeuiiag ,
§ mialnsams MU-IP.u.,,,..é!.?Ef:..{P.T;.T Lae
$d qiuendy 3999




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 81

L4
1AM TNt T IS 308

(Participant Information Sheet)

Twenmsileriitonafimueuddalihle Tsaaevawianhilnsamsios niedunulivwesuisounds
: . iy 4 ' g . v o
aztilon muerezvaenmsiindullewiithumedSnynienugnaniies evaiin uwndilszdrimeaniu

[z} T A di r L] E AL - e
Hisuwnanuou lﬂﬂ‘h’?ﬂ?”ﬂTﬁﬂﬂﬂu?ﬂ!ﬂ?‘i?ﬂﬂﬁ?ﬂﬂ

4 = 1=t fo w & o @ @
Folnsams ﬂ"I'iﬁmel'IT'-?ﬁ)ﬂ'IﬁTﬂLllﬂﬁﬁ'mﬂJﬂﬁﬂul'Uﬂ'J‘lu‘i]uﬂuﬂﬂiiﬂﬂﬂﬁu
s S g o amoam =)

TORIY 1. MTATIITOAAUN TUNT LTDIHN

2. gy msiorun 193gbe

3. Mgy.Qiinan 9199033

4. ey Tsan wauia
a0ty fo ndiinfuanssudaiiu assiuaummomans waiiaa 0,168 nanln ngunmna 10400
annsofnde nny.a 1y yaia s huzuennaswms wed Insdwit 08-1644-5509

Alinu...... quganyunsiTunnmadsmuanssuiailu augiuaumndmans aniinndouiag

ao oo & A

Tnsams3fotimnau iefnum/finavewssildon198aalawed Tuvaefi 19 studonunmssnume
Fuanssuiaity delvsz Tenfiimades185uie s wiaSinausei 8o Tssmalamed hildszinam
Fomosonisindouiivesiufeanasaszezam 28 Sumdoli naznBoufieuiSueuns sev it 2 wiia
sufaluvings Insuuuazannss Insdeiunndedade i Faannanis3tondsiteniius: lemfdentssnum

fiuanssudaitudaly

i v - ' oy - ey
winludnasesvorin1dfuByliidhianms3iell mae dudvesuuinsiuanssudaity Afiquam
» b W 4 W/ \be . ; ; .
udausa hifilsnszdialaq feng 13 Yaull 185uns Sailuswduntsoeuilunsnntesdusn 4 § uazmsinueyg
¥ Ed ] ¥ ¥ ¥
Tudumeunisfsilu@or 4 & fe FHudonluvinsslnsuvdmen Hudolunnssinsuvudndie Fwdoalu
. ry ! W, T me Ao d 4
wingsInsanedmien Audsiluwnsslnsaudndie elagesheiioeuiluld wazmsiteiihluiionold
= ™ P - g o @ " 4 f -
nwnwssves lgdma Tawed luvnzdsiudor lusnuiuanssutaflunaenszoznan 28w dezusvends
o . & a nl o, =5 o aw & e eyt a '
Usedninmmsindeuiivesilu@or Snffefoyavinmisdinuluuywdvessnifufidmuniudell linnin uasli
eameiszefuiodsdnnmagudoussresladmalaweinlFluadiniuanisuiaily Ausfuauwnemand
@ - & ay o o o o o i an ”
wnmdouiaa  daiumsitensad  Jaflumsfnefussiidnn Tt e lawesfld luadtiniunnssuiaiiu
s o - & oa v a = - < - a’ - A -
augiuaumesnaai sninndouiaa NidseAnsamufivsnelunsndeufivesiludumse li edlunaden
Tnaifivgrinn1dlumenitinde lu

8 S

¥ .
fdhswns3teiidazinm 32 au sseznafieeidi 12 feu

asdigidhs wms Iuiugiond @wdnd 18 T viysal)




Sarocha Poolkerd Appendix / 82

¥
o

wimiudaduleidnlunasesvesvinudisumsidouda seiituneumsisesieluil
Funeuannnilumssnnmariuanssudaii
1. A&Funsdonmisd Rauvithn uazdwgy iemsidesy
2. neuitunswlesiuin 4 § ieud lunmfiaUndvesnsauitu
3. Aandeafomaiunnssudaity uaxé‘r’uqaﬂfuﬂaumss‘%‘muﬁzﬂ%’usxﬁ’uﬁu
4. MITPEIMNNUANITNTATIY Li’1’1:§a°;"uﬂaun1‘sﬁaﬁuﬁ’m
5. nsasiuiolaol¥ldsaalaes

6. ndeuiuliFaiu ivensauitugndesaisrumundnindnmaeiuanssuiaitu

.
=y i

FupouNFiAmNen 15300

1. Aaussildnnlegdaralames luduneunsadluien

afi ret 1 it ° ] o ' a ] a A o
m3ddeadell uflifinnudoslaq uaforshldinuazdnlulnasevesinudonannannd e
= o 1 1} e "’
msdausedszana 10-15 wifi uie enndewmuiiuaunmdtoonitnd 2-4 ass

»
minan ludnasesvesrin lidisamlumsifeiifes bilnanemsiSeunsaounsdioraadasiduindnm

= = o . o ' o 4
”ﬁ‘]“ﬂ"ﬁ w'l'I‘LlﬂﬂuEi'lﬁ"lﬁﬂﬂ'ilﬁuuﬂmﬂﬂu'ﬂu’wﬂu lﬂuﬁ’u naz ﬂﬂ]‘l.lﬂﬂﬂ‘iﬂ\‘lﬂltlﬂ‘ﬂ‘luﬁ%z.lﬁ‘i"l.lﬂ‘l‘iﬂ‘i’ailmﬂﬂ'l‘i

Siesonaznmnanuiimsfiunasgiu

winfanadrufved biftnlszmdonnsite  uie Tdedeslefiezasuamifvadosivnsdte o
Anrdenngy.alsy yana 1@ Tuuasueniams vy e Tns st 08-1644-5509

ms3svasail luliemevumuISudishiay - uassISswitgiihsaumsisaosdossuinvoues Idus
@ maddeyariuddmlse loniuaz Inyfineatessums eigseesuss itns 1w Tnos e il

Toyadaumvoudinsaumsdsezgniiuinnll  Willawedemsrsaziifusoynna uvzsream
wamsIvuiiudoyaausou doyavesgiirsaums Sailusreyanaendnazyanavinguidunasnasuld wu
#inuase, an1u nivesinsvessyiimiins waey, ausnssumsesusssua 1

didhsawmsIseiansoousoonsinlnsemsivuilelaf1d TaoTidowdslinswdaenh uazms idh
Faumsvonsenoudaoenninlnsemsiten: liiinansenusemsusmsuazmssnuiiaunas o 185 uusisemsIn

Tnsansiseil g5 unsfinsaniusesnnauznssumsesosssums isolumme uminondoutinn - Fail
dninamegit dninaueEmsufumiinoduutiaa ouuymsuuna mo 4 dwamawn suneynsunma Jmia
unsilgy 73170 oy Inadny 02-849-6223-5 Tnims 02-849-6223 winvinald5umsiia lunsemmiisey13

vunwodademnlszsunuznssunisa niegunu Tdawanuiuazmnoay Insdmsidiedu

¥
T 180 wswazdoaluonmsinsudmuda
A Y Y a1 aw
CRE L OOON 1 . 10}V 1!

fusosTaonuentsumsttusssumaisuluny
winndvuiiag

A syinlasems MU-IRD.. )
5._‘,1 O 3N 49 5) 2

nsdigitrimms Fsodugien @wgdnd 18 T uiysa)




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 83

o & - v o1 - (7] 1 o
widagenaavanngusemdn M Idelasldsumsvennauazsinle

E T N [TV X SO
Fd oY Pordoogiinuavii........
U e ATLIAL.. BUND......
farida eerereeee TR TUSYEG o TATANI oo

vournumBugentianlulnasesvesdmdudisnlnsinsite SesnsAnnlddaralamesdmsy
Avitudnluaiuanssusaii

Taodmidr 185 umswsoaBoafurfuiivuacqasjimnetunidie  swazBuedunousmegftedes
UfianTeld5unsUfdd sz lomfiimading18Suvesmsifuuaznuivsfionefadunnmsdiswnsise
safanmadesiunazud lvnnfndunssiu Taohifismeuumulanaz i Ids mdonnwiiiinwazsoney
Tuonmsuasfidrswmsiselnunaen S 8sudeinonazneudorsdunniant Tnsans3soihi
Fovdeouda

FmiSeaiashifidnlunaseswesdmdudsanlnsimsasell  mindmidiiidedosladuruiunou
voan53§u wiomnidamanseld hifnszasdainms3soiurudnhnlnnsewesdimds Smidrozaunsodade
i .15y '13mﬁﬁ'lé'ﬁ"’a‘lmmzuﬂnna'nwnﬁ 15 Tnsfn 08-1644-5509

windnhulnnsesvesdmidr1dsunsUfia linswnfisey Blhaenmsdnsdidsums3se $mdh
aunsdadefulsermamugssumseSusssumsioluauniofun Ididninaunsiznssumsesusssumsivy
Tunu dninnueimsufumdnndoniian aunymsunaa oo 4 duamaten sunownsuuma Smiauaslyy
73170 manotay Insfind 02-849-6223-5 Tnses 02-849-6223

Fudildnswi@ndaidnlulnasesvestmidres 185y doyammduiomednilse Tomiuas Tnyornns
hsammsidy uazennseneudmiesadhsunsdioliymie  Tavezlifnansznudensusnsuazns
Snymenaiitmdio: 185ude i Tuowan uastuoenligaselddeyadumvesdindril 1d5uann1s3te usive
hiweunidemnmsazdunoyana Tnosinauaithudoyalnosameinmsisominiu

SududrladonamuenmsSuaadidsmumsise uazmisdouanusmuiBusouil laonooaud 31aq

4
awiiode’ld

DD 13 IMT AU TROWOUTTTU AU e

a9%o Aldoyauazvenimusensimihlnsims 3o Aui................

Tunsdididhimns3fe liamnsadmmisde 18 mdonuimmaunudidhsunsisede

e, 39 ¥ 2001050 %0 AT UMY

P @ o
TIHD.crve e WUTHW 3UVL

(v )

Ay .
A #% ) i’manwmnmmse%‘uussumﬁv"ulunu

o 4

oA T idnndunien
Th WY y
2

nsdiginsmms Iodiugiond @i 18 1 uTysal)

o

kS
-
::'Iq'
-
=
=
-
=
=1
=
=
<
=
B
o
Oh
o
=
o
(3]

o

fuil 4 Fuu 4951




Sarocha Poolkerd Appendix / 84

wnmIFuasiins M I

(Participant Information Sheet)

Tuenmsilorviivennufimmenudadaliinle Wsagevemiamilnsamsise nisdumdivisesuigouns
zthledl mwernvzverenmsiinauendithuiedSayimSenvandniieos iouaiin uvmdyszdrivosn

= ¢ A EI e ey F - e
HiguwnaMou JﬂB?f?ﬂ?Hﬂ]“IﬁﬁﬁH?ﬂ!ﬂ?? IUNTIIDY

) (=] o o e o o a
Folnganis msfine ladara Tnwes dwmsudsiudor luaiuanssuailu
Fof3du 1. AATINIINANN AUNS S3HM

2. Mgy MU 93gge

3. MNgLIan1 9139n3f5

4. nmay.a 159 watda
anwfiife Ao adtinviunnasudaitu aasiuaunmomeans uufina 0.16% wan'ln njammwa 10400
asndnAe nne.al3m matﬁﬂ"lﬁ'ﬁ"qlwmzuaﬂr;ms W3 1o INFAN 08-1644-5509
Alqu......... NUEAMYUMIIEIINMAIuAnsTRTaiy auziuauwndmans uminndouiina

Taseams3eliay iednunS oo silganidsmaTames TuvaeilFasiuiorlunssnum
Wuanssudeity deildszlemifimadngdsude sldnswduSuauseitidnnissaralame i hillsedniom
dumedemsiniouiivesiuionaenszoznm 28 Sumioly naznoudonBinansezninlate 2 wia
sitaluvinss Tnsvunazannss nsarsusndafdolss Sanmanis3sonssiionihulss Tomidens sy

fiuanssuiafluaely

] e £ [ - o q’ 3 o a = e a A o et
18 udytidrswns 3ol mee iudufinsesuimsiunnssuiaity  Allquamudause Tl

o o =) J @ o T ar i 4 o 1 g
Tindszdialag Teg 13 PauTy Wumsdeiluswdunsosuitunswdosdusn 4 & uazmisinuegluduneu

» . Ed ¥ ¥
msaailudon 4 & Ao Huwderluvinss lnsuudmn Audorlunngslasuudmdo Audortunnssinsan
2 3 O A x4, .
A Audor luvings Insaredwdne etladesinsioeuitulil vazmsIsetmvuie o linswiwsves Is
- af' = =|‘. @ ar w & ] 3 - . & P
daa Tawed lwvnzAasuwin lunuiuanssuinilunasaszozina 28 Ju dasztauendalsedniamnmisnaoud
voufluden Bnviedeyaninmsanyluuyuivesani3Tofisuumiudd limmin uas lufivenefszeiuivfisdan
msgqayFoussves Tedaa TawesnlFlundiniuanssudaiiu auziuaumnoemnans wminndvuiea dniums
b ¥ ' v
FFunseitadunmsanudas i ldvn Tedaalawes il lundinfuanssuiaily AUSITUAUWNURAET
- o - =t - e = 4 a a v o 1ed °

unnndouiiaa Nidszantnmisae lumsinfeufivesiludeamse i wedlumadenlnufieziimwn 14 lums

aatinse 'l

¥ 1
A Tolidszina 32 au szezmNeeiite 12 deu

fusadlavawenssumaaforsmsifsluny
i} indndediaa

s lasams MU-IRS.... 2S5 (653 564
g 4 Tuney L5957




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 85

wnviudaduludsns3oud exfitunoumsisodde i
Funeununlndlums¥nnmariuanssadaiu

1 18Sumsdhonmisd Ausitn uazdiogl densiilete

2. oeuflunsmlesdusn 4 § euflvarminUnivesmsauity

3. Aandesilemaiuanssudaiiu uasf‘?vuquuﬂaumﬁn?uma:ﬂ%“mzﬁ’uﬁu

4. mMIinymsuanssudaiy l%éﬂfuﬂﬁmﬂﬁﬁ&ﬁuﬁyﬂ‘l

5. msasitudulaoldTssmalawes

6. ndpuiuIFaf emamuiugndesmssumundndninmeiuanssuiaiiu
Hunouifiudunions3de

P nat e o
1. aussi o lgdana lawes Wduneunsasiuiion

ms3sunseil uffhifiamudealan udersiliinudonawinaining evnsausaszie 10-15
Wi 3o ewdennmutiunurmdtesninng 24 ade
wnvinslidhsaulums3seiines hifinadens Soumsaeunsdiovnadiasiiuindnu whitmssmnsd
omaiasduyaansumionu dudu ez sinfe8umsasaufientsdietoazinnaniFims iy
WATTIM
winfanadufveiilifalseaadannsite wie Idedeslefezaeunmfivadesiunisise aunsofede

b
a3 yaida e lutazuennats1¥ns wes Tnsfnd 08-1644-5509

¥
o

msIvensail  lulishaeuunu inugidhs wuase 195 0iidiths wms3vevsdo s uinveues  Tdun
W mndveyamuduiaduse Toniuas Tnuiifo veaiuns 35uil g35oezuds ins 1w Tags s idlaifs
I ar ] ae e ] ] '
doyoaudrvesdinsaumsissezgniousnnld  Tuidlamedemsrsaziiusoynna udvesivau
= 3 [ 3 ' - ﬁ =1 B yre— [y '
namsIoiudoyadusu Toyavegitrswmsisailuseyanaendnus yanavngudmasvaould 1w
- a - o o e - a
Aliyuasy, anniu niooednsvessgiimifinsoaey, amuenssumsosusssua (Tudu
' ma e a oy ) | o ' g '
dihiawmsiseiiansoeudieensinlnsemsisaiolanla TaeTudowsalinswarmh uazms lud
Fumsisonienoudavenninlnsamsiseil se Iuiinansenudomsuimsuazmssnmiiaunases 185 uuarszms
Ia
se ol ve = @ = aw o @ oo 4 a
T3amsiduil 8sunsinsansuse s mangnssumssusssunsivoluauvenmiinndouiien &l
dninauegi dninanueinsvAumiInndvuiiaa auuymsuama Mg 4 AMuamaiw suneynsuuma Jmia
unslgy 73170 vanuay Insdne 02-849-6223-5 Tnsens 02-849-6223 minviw T&Funsvid s smmiiszy13

vuaunsodadeiudszsunnenssunsd wieduny Tdawanufinazninoas Insdnidredu

dmudr e wseazden luwenmisinsudiuuda

fysodlavanenrsumstiuaTsumsidoluny

U yndnudusiian ) 2
J st 1asams MU-RB..... SSEEICE2 830

g o AUy k599




Sarocha Poolkerd Appendix / 86

ar M - L = s 1 =3
widenansnaveemdnImIselagldsunmsvennanuazinle

A TL oL ST LK A
i TR 3 orfoagimuasii
1313 SO fwa. SRR o1 111 T
Fmdn SHAlUTHE. ..o LT, (L

vourrausmBuseud s Insansive dos msdnuiledmmlamesdmivddhuinunuiimnssy
$aitu  Taodmud 185U wswazSuaftafuivuaggajimnetunsi3fonvazfoatuneusieg  eedes
Uiiaviel8unsfia sy lumifmahey 185uvesnisisuazaanuduiionezfatusinnsdhinmsiie
s atlesiuuazuflnnnifasunsieiu Tao hifimaeuumuuazdmid 138 mdonnuiiswaziSoanglu
ienensuasdidhiaumsisulnvnaen nitadn 18sumoTuazaoudemduniniant Tnssms3iudiufideues
uda

S sainsladrnlulasamsised

windmiridedeslofuafuiunourenside vie windamamseii bifteszasdonms3utuiu
dmus dnudrzaunsodndeny nng.alsn ?]mﬁﬂ‘lﬁ'ﬁfﬂmm:uﬂnt’m‘lswms o3 s 08-1644-5509

mnd 185 un oA lassnuitszy 3 huenms s idhsmnsise Fmidransodadeiy
Uszpnaznssumsaienssumsitelunumieduny Idfidninnunsiznssunselonssunsiioluau dnina
aBMIVANNINNIALLAAD AUUWNTUHND D18 4 AUAMAI SuneyNsuBMa Sadaunsigy 73170 nuioay
Trsfint 02-849-6223-5 Tn3ms 02-849-6223

Foudldns wisdnindmidios W doyaiiu@ntonednalss Towfuns Inyonmsd s
wazemnsaneudmiosndsumsiteldynide Taees WiflansznudenisuSmsuazms Sy meiafidmidies
5une T luewnn uazBusonligisuldtoyadaudvesdmidii185uannsisy udes limounsdemsisme
Wuseyana Tﬂun:ﬂuﬁumﬁu%ﬂgﬂﬂusum'lnmﬁﬁ'mﬁufu

Fmdudrladenruhuenmsdusadidhsmnsite uazmisfouaasauniusenil lavnasands Teas

awile¥eld
a¥e AT T
( )
4 - . P
a3¥o AldoyauazvenimBuseniminInsen s 38 Tuf...w...
T P )

. ¥
Tunsdifidhsammsifohiaunsadmmisde AR mdoasmmivuaunudidnsumsidvie
~SilRasavilede aiihumon

C R T WO/ Ui

:'muﬂaunm:nsmmsn?ussmmﬁi’u'&uﬂu
mninnduuiiza
s¥ialsants MU-IRp,.. £883 /¢ £2 -€4cd

fu 4 By 4959




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 87

APPENDIX C
(Raw data)

Table 17 Actual canine retraction distance and force delivery of Tuff elastomeric
chain at initial placement and 1-hour after the first measurement

Tuff Elastomeric Chain
Caning retiaction Force measurement
Subject | Quadrant distance
(mm.) (grams)

Initial 1 hour Initial 1 hour
L 1 16.5 16.5 RS | 185
1K @ 3 19 19 7 | 232
i2 2 18.5 18.5 2 245
44 4 KE VS 270 - 210
B\ _\¢ A73 21.5 260 - 210
AT o & 21.5 .5 260 | 210
4 Q\| 7782 \N 21 21 e, 240
4 4 o 22 8 wim 510 /4 238
5 bl e 2T 21 - 280 180
5 NS VVAYEIER <R ' N 250
6 2 — Ry 245 200
6 4 15.5 3o 420 320
7 1 17 17 368 255
7 3 18.5 18.5 380 240
8 2 13.5 13.5 342 260
8 4 18.7 18.7 360 300

Mean 311.81 235.94

SD 58.34 37.84
Maximum 420 320
Minimum 225 180
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Table 18 Actual canine retraction distance and force delivery of Dynaflex elastomeric

chain at initial placement and 1-hour after the first measurement

Dynaflex Elastomeric Chain
Caning retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 1 hour Initial 1 hour
1 7 W\ 17 : V1A J 230 195
1 V /£ - 185 $8.5 300 215
2 i AT, 17.5 17.5 . 9P N, 220
2 47 -3 17.5 17.5 260 | 210
< J y 20 20 370 - 270
J J 4 18.5 18.5 300 - 220
4 iy 21 21 B0 - 205
4 | . 21 21 - A - 200
1A @ 41 20.5 20.5 BR0 | 165
15 14 21 21 250 - 210
46 v 17 17 220 ~ 200
8\ . \S 16.5 16.5 @8 JH 175
LAY ” AN 18.5 18.5 320 | 242
7 Q\| 78 \N 20 20 yy 3N, JU 250
8 NG 19 N 16.4 ruy/ 202
8 3 19.4 19.4 340 280
Mean 280.31 216.19
SD 49.35 31.09
Maximum 370 280
Minimum 218 165
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Table 19 Actual canine retraction distance and force delivery of Tuff elastomeric
chain at initial placement and 7 days after the first measurement

Tuff Elastomeric Chain
Caning retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 7 days Initial 7 days
1 P77  h\ 175 ANy 320 210
1 V /45N ~ 1958 19 340 232
2 S A, 19 18.5 . LB \\ 205
'y 47 Ly 18 17.5 260 | 210
</ A 23 20.5 370 200
J J ¥/ 21.5 21 290 245
4 iy 20 19 &N - 210
4 | e 21.5 215 258 | 160
1A @ 41 PR 41 BE8 < | 170
B B 20 19 320 - 165
46 ¢ 21.5 21 260 - 170
B\ 4 21.5 21 260 ~ 170
A\ A N\ 17.5 16.9 290 | 162
7 A\ 7758 \N g1\ 19.6 yy 280, J 132
8 NY 29 N 0 248 135
8 4 15.4 15 385 195
Mean 302.25 185.69
SD 45.30 32.60
Maximum 385 245
Minimum 248 132
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Table 20 Actual canine retraction distance and force delivery of Dynaflex elastomeric
chain at initial placement and 7 days after the first measurement

Dynaflex Elastomeric Chain
. Caninfe retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)

Initial 7 days Initial 7 days
1 P27 . A\ 175 ALr'y 260 220
1 V /N ' 20 185 334 175
2 Y ANlw- 19 17.5 260 | 220
247 N3, 18 17.5 260 | 205
</ y/ 22 20 320 - 203
B 4 18.5 16.5 285 - 130
4 iy 20.5 20.5 252 - 140
4 e 20 19.5 B0 1495
i b 5 2 21 20.5 | “ng” JU35
1% @ 22 21 320 145
16\ \ 20 19.5 370 200
G\ .o \S 18.5 18 300 | 180
7\ AN 19.5 17.7 330 | 140
7 QLI N\ 19.5 19.1 polN /i 170
8 N, N e IS 240 125
8 3 16.3 16 240 138

Mean 292.56 170.06

SD 40.74 33.92
Maximum 370 220
Minimum 240 125
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Table 21 Actual canine retraction distance and force delivery of Tuff elastomeric

chain at initial placement and 14 days after the first measurement

Tuff Elastomeric Chain
Caninfe retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 14 days Initial 14 days
1 P77 A 165 164 J 320 140
1 V /4% - 19 185 3% 160
2 Y AT, 18.5 18 295 | 190
Yy /4"y 17.5 17.5 270 | 140
¥ y.! 20.5 20.5 410 255
[ J ¥/ 21 20.5 280 - 185
4 iy 19 18.6 365 210
4 | M4 21.5 19.6 BR) |, 102
1A 9 41 Al 20.5 280 120
15 R 19 18.8 oS 104
G . A 20.5 255 J 50
6. | 4 22 21 295 - 160
A\ 4 1\ 18.5 17 yo30re== J§ 180
7 Q\ 78 \N 21.5 18.5 yy M8, JS#F 160
8 N 29 W2t L T vays 180
8 4 21 20.5 250 150
Mean 308.44 161.63
SD 47.25 39.08
Maximum 410 255
Minimum 250 102
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Table 22 Actual canine retraction distance and force delivery of Dynaflex elastomeric
chain at initial placement and 14 days after the first measurement

Dynaflex Elastomeric Chain
. Caning retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)

Initial 14 days Initial 14 days
1 F2 [\ 17 5@, J 230 123
1 W 4\ P r2 1y 290 140
2 FF /NL., 17.5 17.5 260 | 145
ry / M) 17.5 17.5 260 | 150
£ S Yy, 20 20 310 \§ 215
B 4 16.5 16.5 270 - 115
4 N 20.5 19.3 250 120
4 0. 19.5 18.5 B | 172
15 ¥ | 20.5 19.6 230 100
13 4 21 21 250 4122
6 X 20 19.5 330 - 155
e\ 4 3 22 il 290 140
TR\ = 2\ 19.5 18.5 355 242
7 W 4 T 20 360 | 271
8 N 9 PO — 830/ 4 200
8 3 18 17.5 290 180
Mean 291.56 161.88

SD 44.86 48.54
Maximum 360 271
Minimum 230 100
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Table 23 Actual canine retraction distance and force delivery of Tuff elastomeric
chain at initial placement and 21 days after the first measurement

Tuff Elastomeric Chain
Caning retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 21 days Initial 21 days
1 P77  h\ 16 s VA5 440 200
1 V /45N 185 I, 285 128
2 S A, 22.5 21.5 344 | 169
'y 47 Ly 22.5 215 347 | 173
</ A 17.8 17.5 352 160
y J ¥/ 19.1 18 300 140
4 iy 21 20 305 103
4 B 22.5 215 B3 108
1A @ 4] 20.5 194 By | 212
B B 18.8 18.5 368 154
46 ¢ 21 20 250 - 142
8\ 4 20.5 18.2 410 - 170
LAWY ~# N\ 225 21 ya3lde= J§ 130
7 A\ 7758 \N 21 19 yy 288, J# 115
8 N’ 29 NP 1 / e 3008 /4 170
8 4 19.5 19 345 220
Mean 340.63 155.88
SD 49.79 35.35
Maximum 440 220
Minimum 250 103
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Table 24 Actual canine retraction distance and force delivery of Dynaflex

elastomeric chain at initial placement and 21 days after the first

measurement
Dynaflex Elastomeric Chain
Caninfe el ection Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 21 days Initial 21 days
1 W7 2N AL 1 N 250 103
1 FF /N4, 16.5 16 230 | 128
2871 N1, 215 20.5 232 n[\W\ 162
./ Ve 21 20 220 ~ 150
©l /8 18.3 17.5 332 150
| K| 4 155 14.4 345 170
4 e 21 20.5 270 155
A~ d] & 20 B | 115
1% e 19.6 19 340 175
5 4 2 20 265 - 120
6\ . 19 17 310 | 110
6/ \ R\ 17.5 16 280N /8 120
7 Q) 3 \ 23.5 22 7 BN AF 172
7 Ly 40 e 20.3% 18.5 " 268" /4 103
8 aN | 4185 < 175 /. % 323 163
8 3 18.5 18 323 192
Mean 288.13 143.00
SD 44.07 28.70
Maximum 352 192
Minimum 220 103
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Table 25 Actual canine retraction distance and force delivery of Tuff elastomeric
chain at initial placement and 28 days after the first measurement

Tuff Elastomeric Chain
Caning retraction Force measurement
Subject | Quadrant distance
(mm.) (grams)
Initial 28 days Initial 28 days
1 N7 kA 15 P Q187 § 382 105
1 &7 3 ' 1 465 " 259 110
2 A A", 17.5 16.5 302\ 70
2 41 o =2 17.5 16 305 | 90
</ A 20.5 17.8 410 \Q 175
Bl Y/ 20.5 19.1 320 - 158
4 B 18.6 17.8 343 170
4 | 4 19.6 19.2 366 158
¥ e 11 16.9 16 B | 0 (135
5 B 19.6 19 360 JiB35
a6 @ 17.5 A8 g5 157
6 4 18 17.6 340 J 85
R\4F N 17 16 8240 /# 150
7R\ | 73 N\ 18.5 18 380 160
8 W\« 2% N\ 18.3 380N/, 110
8 4 18.2 16.7 320 120
Mean 340.75 126.75
SD 44.00 32.88
Maximum 410 175
Minimum 259 70
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Table 26 Actual canine retraction distance and force delivery of Dynaflex elastomeric

chain at initial placement and 28 days after the first measurement

Dynaflex Elastomeric Chain
i Canine retraction distance Force measurement
Subject | Quadrant
(mm.) (grams)

Initial 28 days Initial 28 days
1 2 - 165 1 /7116 € - 220 120
1 T ALY 16 15.5 350 112
2 / G\ L= 17 275\ 95
2 18, 16.5 16 200 \\ 50
3/ N 2 20 18.3 350 140
£l 4 16.5 155 220 - 102
4 iy 19.3 18.8 344 - 170
4 N 18.5 18 R12 148
I1E A | IS 5 16.5 B3 o |. | 130
15 4 19.5 18.5 342 ~ 108
6 - 17.5 17 300 - 60
K\ \ 14.4 14.2 330 80
A\4" 18.5 17.2 200 |/ 152
7R\ | 7 \ 20 18 v/ 30™ J4 155
8 sy, Ty e |~ 280 /. 100
8 3 16 15 344 160

Mean 302.69 117.63

SD 52.18 35.78
Maximum 370 170
Minimum 200 50
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