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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 х 0.028-inch slot brackets 
and passive 0.016 х 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. 
 
KEY WORDS: ORTHODONTIC ELASTOMERIC CHAINS / CANINE  
                          RETRACTION / FORCE DELIVERY                          
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บทคัดยอ 

      วัตถุประสงคของการศึกษาครั้งนี้เพื่อ (1) ศึกษาลักษณะของแรงที่ปลดปลอยจากโซอีลาสโตเมอร
วาเหมาะสมในการดึงฟนเขี้ยวตลอดระยะเวลาของการศึกษา 28 วันหรือไม (2) เปรียบเทียบขนาดของแรง
ท่ีไดจากโซอีลาสโตเมอร 2 ยี่หอ ไดแก ทัพฟ®และไดนาเฟก® (3) เปรียบเทียบขนาดของแรงที่ปลดปลอย
จากโซอีลาสโตเมอรในชวงระยะเวลาตางๆ กันของแตละยี่หอและ (4)  เปรียบเทียบขนาดของแรงที่
ปลดปลอยจากโซอีลาสโตเมอรระหวางขากรรไกรบนและขากรรไกรลางในแตละยี่หอ  ผูเขารวมวิจัย
ท้ังหมด 32 คน ผูชาย12 คน ผูหญิง 20 คน อายุเฉลี่ย 21.4 ป ไดรับการจัดฟนรวมกับการถอนฟนกรามนอย
ซี่แรก 4 ซี่ และอยูในขั้นตอนการดึงฟนเขี้ยวบนลวดสแตนเลสขนาด 0.016  x  0.022 นิ้ว แบร็กเก็ตขนาด 
0.022  x  0.028 นิ้วโดยใชโซอีลาสโตเมอร2 ยี่หอ ท่ีความยาว 70% - 75% ของระยะดึงฟนเขี้ยว (ระยะ
ระหวางตะขะหลอดจัดฟนของฟนกรามซี่ท่ีหนึ่งและดานไกลกลางของปกแบร็กเก็ตฟนเขี้ยว) แบง
ผูเขารวมวิจัยออกเปน  4  กลุมๆละ คน 8  คน ตามระยะเวลาที่ตองวัดแรง โดยกลุมท่ี 1 วัดแรงจากโซอีลาส
โตเมอรขณะเริ่มตนและ 1 ช่ัวโมง แลวเปลี่ยนโซอีลาสโตเมอรเสนใหม ทําการวัดแรงขณะเริ่มตนและ     
28 วัน กลุมท่ี 2 วัดแรงจากโซอีลาสโตเมอรขณะเริ่มตน และ 7 วัน กลุมท่ี 3 วัดแรงจากโซอีลาสโตเมอร
ขณะเริ่มตน และ 14 วัน กลุมที่ 4 วัดแรงจากโซอีลาสโตเมอรขณะเริ่มตน และ 21 วัน  

 ผลการศึกษา พบวา คาเฉลี่ยของแรงจากโซอีลาสโตเมอรท้ังทัพฟ®และไดนาเฟก®  สามารถ
ปลดปลอยแรงที่เหมาะสมในการดึงฟนเขี้ยว (350  –  100 กรัม) ตลอดระยะเวลาของการศึกษา 28 วัน และ
เมื่อเปรียบเทียบแรงที่ปลดปลอยจากโซอีลาสโตเมอรท้ังสอง พบวา ไมมีความแตกตางอยางมีนัยสําคัญ   
(P-valve < 0.05) ในชวงระยะเวลาตางๆที่ศึกษา ยกเวนแรงเริ่มตน นอกจากนี้ยังพบวาในแตละยี่หอไมมี
ความแตกตางอยางมีนัยสําคัญของแรงที่ปลอยอกมาจากโซอีลาสโตเมอรในชวงเวลา 14 ถึง 28 วัน และ   
ไมมีความแตกตางอยางมีนัยสําคัญของแรงระหวางขากรรไกรบน และขากรรไกรลาง (P-valve < 0.05) 
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CHAPTER I 

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? 

2. Do Tuff elastomeric chains, in lengths approximately 70% to 75% of the 

actual canine retraction distance, generate the proper force for canine 

retraction? 

3. Do Dynaflex elastomeric chains, in lengths approximately 70% to 75% of 

the actual canine retraction distance, generate the proper force for canine 

retraction? 

4. Do Tuff and Dynaflex elastomeric chains generate different the force 

delivery for canine retraction in clinical use? 

5. 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 II 

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. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sarocha  Poolkerd         Literature Review / 6 

 

CHAPTER III 

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 / cm2, 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 vulcanisate 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. 

 

 

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. 

 
 

  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). 
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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 Reference1 Material tested 
Initial force 
delivery and force 
degradation 

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

       
  Bishara and Andreasen  AO 1970 Unitek C-1 Alastik modules and 

latex elastics 
       
  Ware AOJ 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 II 
       
  De Genova AJO 1985 Ormco Power Chain II. 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 II 
       

 
                                                 
1

 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 Reference2 Material tested 
  Williams and von Fraun-

hofer 
PC 1989 Unitek C-1 Alastik modules, 

Ormco Power Chain II, 
American Memory Chain 

    
 Storie and von Fraun-

hofer 
AJODO 1994 GAC Chainette, Ortho Arch 

Grey and Fluoride impregnated 
chain 

      
 Baty and von Fraunhofer AJODO 1994 Unitek Alastik modules, Ormco 

Power Chain II, and Masel 
colored chains 

Prestretching 
effects 

Wong AO 1976 Unitek C-1 Alastik modules, 
Ormco Power Chain 

       
  Brooks and Hershey JDR 1976 Unitek C-1 Alastik modules 
       
  Brantley AO 1979 Unitek C-1 Alastik modules, 

Ormco Power Chain II 
       
  Young and Sandrik AO 1979 Unitek C-1 Alastik modules, 

Unitek C-2 Alastik modules 
       
  Williams and von Fraun-

hofer 
PC 1990 Unitek C-1 Alastik modules, 

Ormco Power Chain II, 
American Memory Chain 

       
  Storie and von Fraun-

hofer 
IP 1992 Ortho Arch Gray and Fluoride 

impregnated chain 
Environmental 
effects 

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

       
  Ferriter AJO-DO 

1990 
"A" Company Force A Chain. 
American Memory Chain, GAC 
Chainette. Ormco Power Chain 
II, Rocky Mountain Energy 
Chain, TP Elas-O-Chain, 
Unitek C-1Alastik modules 

       
  Jefferies and von Fraun-

hofer 
AO 1991 "A" Company Force A Chain. 

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 Reference3 Material tested 
  Coffelt and von Fraun-

hofer 
AO 1990 Unitek C-1 Alastik modules, 

Ormco Generation II 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 II   

 

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) n 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. 
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 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 II (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 37oC. 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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CHAPTER IV 

MATERIALS & METHODS 

 

 
MATERIALS 

 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. 

 
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 

company 

Dynaflex 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. 

  I. Sample selection criteria and sample size 

  II. Appliance design and data collection  

  III. 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. 

2. All subjects were healthy and without systemic disease. 

3. Subjects’ orthodontic treatment required first premolar extraction in each 

quadrant and no other extraction. 

4. All subjects wore the pre-adjusted edgewise appliances in 0.022 х 0.028-

inch slot brackets (Roth’s prescription) and passive 0.016х 0.022 inch 

stainless steel main archwires. 

5. Aligning and leveling phase of orthodontic treatment was completed. 

6. All subjects needed canine retraction with sliding mechanics to close 

premolar extraction sites.  

7. Supplementary intermaxillary elastic traction was not used during space 

closure to insure reliable results. 

8. All subjects had good oral health.  

9. 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. Radiographic anomalies at dental or bone level 

2. History of previous orthodontic treatment 

3. Having anterior or posterior skeletal crossbite 

4. Medication that could alter the oral environment or tooth movement 

5. Loss of brackets or archwires bending from mastication force 

6. Absence at any appointment 

7. 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 = Z2 σ2 

       E2 

   

  N = sample size 

  Z = standard normal value (95%) 

  α  = the desired confidence coefficient 

   σ = 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- α/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) 2 х (12.94)2 
     (10)2 
      
        = 6.43      ~ 7 
 

 

   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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II. Appliance design and data collection 

  

 After the aligning and leveling phase was completed, a passive 0.016х 0.022 

inch stainless steel archwire was inserted in 0.022 х 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). 

  

 

 

 
 
 
 

 
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. 

 

Type I Right Left 

 Upper T D 

Lower D T 

Type II Right Left 

 Upper D T 

Lower T D 
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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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III. 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.  

 

I. The force delivery of Tuff and Dynaflex elastomeric chains 

II. Statistical analysis of the force delivery between Tuff and Dynaflex 

elastomeric chains 

III. Statistical analysis of the force delivery among the difference study 

periods for each brand  

IV. Statistical analysis of the force delivery between the upper and lower 

arch for each brand 

 

Part I. 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.  At initial 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  

Chain   
Sum of 
Squares df 

Mean 
Square F P-value 

Tuff 
Between 
Groups 21899.83 4 5474.96 2.26 0.07 

 Within Groups 181542.13 75 2420.56   

  Total 203441.95 79       
*The mean difference is significant at the .05 level 

 

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

elastomeric chain  

Chain   
Sum of 
Squares df 

Mean 
Square F P-value 

Dynaflex 
Between 
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.  

 

Tuff

0

50

100

150

200

250

300

350

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time (days)

Force (grams)

 
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 

 

 

Dynaflex

0

50

100

150

200

250

300

350

400

Initial 1 hour 7 Day 14 Day 21 Day 28 Day Time

Force (grams)

Maximum

Minimum

Average

 
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.  
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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  

 

 

Percentage of force decay

0

10

20

30

40

50

60

70

1 hour 7 days 14 days 21 days 28 days Time

 Force decay (%)

Tuff
Dynaflex

 
 

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

chains in each study period   

 

 

 

Mean (grams) % Force decay Time 
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 126.75 117.63 60.49 59.58 
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Table 8  Percentage of force remaining from Tuff and Dynaflex elastomeric chains 

through 28 days  

Mean (grams) % Force remaining Time 
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 
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Figure 14 Graph of percentage of force remaining from Tuff and Dynaflex elastomeric 

chains in each study period   
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Part II. 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 235.94 + 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  + 48.54 255 - 102 271 - 100 

 
21 days 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  

Time Std. Error 
Difference df Mean 

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 0.751 0.458 

 

*The mean difference is significant at the .05 level 
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Part III. 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 

Time Std. Error 
Difference df Mean 

Difference t P-value 

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 

Time Std. Error 
Difference df Mean 

Difference t P-value 

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. 

 



Sarocha  Poolkerd     Discussion / 60 

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 
Tuff Dynaflex Tuff Dynaflex Time 

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 

14 
days 149.40 161.63 146.85 161.88 58.87 49.61 57.10 44.38 

21 
days 120.74 155.88 138.08 143.00 66.76 51.40 59.67 50.87 

28 
days 117.28 126.75 134.61 117.63 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 37oC. 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 
(grams) 

  

Experimental  
design 

  

Percentage of 
 force decay  
after 1 hour 

Percentage of 
force decay  

after 3 weeks 
Hershey and 
Reynolds  (15) 
  

284-573 
  

 In vitro 
  

36 
  

58 
  

Wong (13) 
  

 300-450  
  

 In vitro 
  

No information 
  

17-23 
  

Ash and 
Nikolai (12) 
  

603-694 
  

 In vitro and 
 in vivo 

45-48 48-58 
  

54-67, 72-75 
  

Young and 
Sandrik (56) 
  

180 
  

 In vitro 
  

31-43 
  

No 
information 

  

De Genova et al(4) 
  

241-436 
  

In vitro 
  

 No information 
  

37-59 
  

Killiany and 
Duplessis (10) 
  

330-375 
  

 In vitro 
  

No information 
  

32-67 
  

286-352  26-27 Kuster et al (8) 
   279-315 

 In vitro and 
 in vivo 

No information 
  46-55 

Lu et al (64) 
  

364-370 
  

 In vitro 
  

 20-55 
  

 20-55 
  

Talounis et al (65) 
  

279-352 
  

 In vitro 
  

53-68  
  

53-68  
  

Bousquet et al (57) 

  
200 

  
In vivo 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 II. 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 techniques. 

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 III. 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 IV. 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. 
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APPENDIX B 

 

 

เอกสารคําอธิบายโครงการวิจัยแกผูเขารวมโครงการวิจัย 
 
การวิจัยเร่ือง การศึกษาโซอีลาสโตเมอรสําหรับดึงฟนเขี้ยวในงานทันตกรรมจัดฟน 
 
วัตถุประสงค 

เพื่อศึกษาปริมาณของแรงที่ไดจากโซอีลาสโตเมอร ในขณะที่ใชดึงฟนเขี้ยวในการรักษาทางทันตกรรม
จัดฟน 
 
วิธีการวิจัย 

ทําการวิจัยเมื่อไดรับความยินยอมจากทั้งตัวผูเขารวมโครงการและผูปกครอง (กรณีอายุไมถึง 18 ป) 
ขั้นตอนตามปกติในการรักษาทางทันตกรรมจัดฟนที่ตองถอนฟนกรามนอยซี่แรก  

1. ไดรับการถายภาพรังสี พิมพปาก และถายรูป เพื่อการวินิจฉัย   
2. ติดเครื่องมือทางทันตกรรมจัดฟน และสิ้นสุดขั้นตอนการเรียงและปรับระดับฟน 
3. การรักษาทางทันตกรรมจัดฟน เขาสูขั้นตอนการดึงฟนเขี้ยว 
4. การดึงฟนเขี้ยวโดยใชโซอีลาสโตเมอร 
5. เคลื่อนฟนใหชิดกันมีการสบฟนถูกตองสวยงามตามหลักวิชาชีพทางทันตกรรมจัดฟน 

ขั้นตอนที่เพิ่มเติมเพื่อการวิจัย 
1. วัดแรงที่ไดจากโซอีลาสโตเมอร 
 

เหตุผลท่ีเชิญชวนทานเขารวมโครงการวิจัย 
 เนื่องจากอัตราการสูญเสียแรงของโซอีลาสโตเมอรในขณะดึงฟนเขี้ยวในงานทันตกรรมจัดฟน ยัง
ไมเปนที่ทราบแนชัด ซึ่งจะสงผลตอประสิทธิภาพการเคลื่อนที่ของฟนเขี้ยว อีกทั้งขอมูลจากการศึกษาในมนุษย
ของงานวิจัยที่ผานมานั้นยังมีไมมากนัก และไมเพียงพอที่จะอธิบายถึงอัตราการสูญเสียแรงของโซอีลาสโตเมอรที่
ใชในคลินิกทันตกรรมจัดฟน คณะทันตแพทยศาสตร มหาวิทยาลัยมหิดล ดังนั้นการวิจัยครั้งนี้ จึงเปนการศึกษาถึง
แรงที่ไดจากโซอีลาสโตเมอรที่ใชในคลินิกทันตกรรมจัดฟน คณะทันตแพทยศาสตร มหาวิทยาลัยมหิดล วามี
ประสิทธิภาพเพียงพอในการเคลื่อนที่ของฟนเขี้ยวหรือไม เพื่อนําไปใชในทางคลินิกตอไป 
 
ระยะเวลาในการวิจัย 

 ขั้นตอนการวัดระยะในชองปาก และวัดแรงที่ไดจากโซอีลาสโตเมอร ในแตละครั้งจะใชเวลา
ประมาณ 10-15 นาที 
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ประโยชนท่ีคาดวาจะเกิดขึ้นตอตัวทานและตอผูอ่ืน 
 ทําใหทราบถึงคาแรงไดจากโซอีลาสโตเมอรวามีเพียงพอตอการเคลื่อนที่ของฟนเขี้ยวหรือไม อัตราการ
สูญสียแรงตลอด 28 วันและเปรียบเทียบอัตราการสูญสียแรงกับที่ทําการทดลองในหองปฏิบัติการ ซึ่งไดทําวิจัย
ไปกอนหนานี้นําไปสูการหาความยาวที่เหมาะสมของโซอีลาสโตเมอร เพื่อใช ดึงฟนเขี้ยวอยางมีประสิทธิภาพ ใน
การรักษาทางทันตกรรมจัดฟนตอไป 
ขอเสี่ยงที่อาจเกิดขึ้น และการแกไขปองกัน 

การวิจัยนี้ศึกษาในผูปวยที่จําเปนตองรับการรักษาทางทันตกรรมจัดฟน รวมกับการถอนฟนกราม
นอยซี่แรกอยูแลว เพียงนําเครื่องมือมาวัดแรงที่ไดจากโซอีลาสโตเมอรในขั้นตอนของการดึงฟนเขี้ยว จึงไม
กอใหเกิดความเสี่ยงใดๆ  
 
การดูแลรักษาความลับ 

ผูวิจัยรับรองวาจะเก็บขอมูลเกี่ยวกับผูเขารวมโครงการเปนความลับ และจะเปดเผยไดเฉพาะในรูปที่
เปนสรุปผลการวิจัย การเปดเผยขอมูลเกี่ยวกับผูเขารวมโครงการตอหนวยงานตางๆที่เกี่ยวของกระทําไดเฉพาะ
กรณีจําเปนดวยเหตุผลทางวิชาการเทานั้น หากจะตองเปดเผยขอมูลตองไดรับความยินยอมจากผูเขารวมโครงการ
กอน 
 
สิทธิของผูเขารวมโครงการวิจัย 

ผูเขารวมโครงการมีสิทธิที่จะถอนตัวออกจากโครงการไดทุกเมื่อ โดยไมกระทบตอการดูแลรักษาที่
พึงไดรับตามปกติ 
 
ชื่อผูวิจัย 

1. ศาสตราจารยคลินิก สมพร เรืองผกา 
 ภาควิชาทันตกรรมจัดฟน คณะทันตแพทยศาสตร ม.มหิดล ถ.โยธี พญาไท  กรุงเทพฯ 10400 

             ที่อยูถาวร 49 ซอยสุขุมวิท 69 ถนนสุขุมวิท แขวงพระโขนง เขตวัฒนา กรุงเทพฯ10110 
2.   ทพญ.หทัยชนก เจริญยิ่ง 

ภาควิชาทันตกรรมจัดฟน คณะทันตแพทยศาสตร ม.มหิดล ถ.โยธี พญาไท  กรุงเทพฯ 10400 
        ที่อยูถาวร    29/33 ซ.สวนผัก8 ถ.สวนผัก ตลิ่งชัน กรุงเทพฯ10700 
3.   ทพญ.ภูมิภดา จาวจักรศิริ 

  ภาควิชาทันตกรรมจัดฟน คณะทันตแพทยศาสตร ม.มหิดล ถ.โยธี พญาไท  กรุงเทพฯ 10400 
             ที่อยูถาวร   50/2 หมู 10 ต.โคกหลอ อ.เมือง จ.ตรัง 92000 
    4.   ทพญ.สโรชา พูลเกิด 
 ภาควิชาทันตกรรมจัดฟน คณะทันตแพทยศาสตร ม.มหิดล ถ.โยธี พญาไท  กรุงเทพฯ 10400 
             ที่อยูถาวร   3 ม.นนทนคร ซ.ทานสัมฤทธิ์ ถ.ติวานนท ต.ทาทราย อ.เมือง จ.นนทบุรี 11000 
 ในกรณีที่เกิดปญหากับอาสาสมัคร สามารถติดตอ ทพญ.สโรชา พูลเกิดไดตลอด 24 ช่ัวโมง เบอร

โทรศัพท 08-1644-5509 
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ขอพิจารณาดานจริยธรรม (Ethical Consideration) 
ผูวิจัยตระหนักถึงประเด็นดานจริยธรรม ซึ่งวิธีการวิจัยไมทําใหเกิดอันตรายตอผูเขารวมโครงการ 

และไดปฏิบัติตามหลักการวิจัยของเฮลซิงกิ 
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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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 1 hour Initial 1 hour 
1 1 16.5 16.5 225 185 
1 3 19 19 347 232 
2 2 18.5 18.5 272 245 
2 4 17.5 17.5 270 210 
3 1 21.5 21.5 260 210 
3 3 21.5 21.5 260 210 
4 2 21 21 275 240 
4 4 22.5 22.5 310 238 
5 1 21 21 280 180 
5 3 19 19 375 250 
6 2 17 17 245 200 
6 4 15.5 15.5 420 320 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 1 hour Initial 1 hour 
1 2 17 17 230 195 
1 4 18.5 18.5 300 215 
2 1 17.5 17.5 260 220 
2 3 17.5 17.5 260 210 
3 2 20 20 370 270 
3 4 18.5 18.5 300 220 
4 1 21 21 270 205 
4 3 21 21 275 200 
5 2 20.5 20.5 230 165 
5 4 21 21 250 210 
6 1 17 17 220 200 
6 3 16.5 16.5 218 175 
7 2 18.5 18.5 320 242 
7 4 20 20 370 250 
8 1 16.4 16.4 272 202 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 7 days Initial 7 days 
1 1 17.5 16.5 320 210 
1 3 19.5 19 340 232 
2 2 19 18.5 272 205 
2 4 18 17.5 260 210 
3 1 23 20.5 370 200 
3 3 21.5 21 290 245 
4 2 20 19 375 210 
4 4 21.5 21.5 258 160 
5 1 22 21 308 170 
5 3 20 19 320 165 
6 2 21.5 21 260 170 
6 4 21.5 21 260 170 
7 1 17.5 16.9 290 162 
7 3 21.5 19.6 280 132 
8 2 16.2 16 248 135 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 7 days Initial 7 days 
1 2 17.5 17 260 220 
1 4 20 18.5 334 175 
2 1 19 17.5 260 220 
2 3 18 17.5 260 205 
3 2 22 20 320 203 
3 4 18.5 16.5 285 130 
4 1 20.5 20.5 252 140 
4 3 20 19.5 350 195 
5 2 21 20.5 270 135 
5 4 22 21 320 145 
6 1 20 19.5 370 200 
6 3 18.5 18 300 180 
7 2 19.5 17.7 330 140 
7 4 19.5 19.1 290 170 
8 1 16.2 15.3 240 125 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 14 days Initial 14 days 
1 1 16.5 16 320 140 
1 3 19 18.5 350 160 
2 2 18.5 18 295 190 
2 4 17.5 17.5 270 140 
3 1 20.5 20.5 410 255 
3 3 21 20.5 280 185 
4 2 19 18.6 365 210 
4 4 21.5 19.6 300 102 
5 1 21 20.5 280 120 
5 3 19 18.8 375 104 
6 2 21 20.5 255 150 
6 4 22 21 295 160 
7 1 18.5 17 330 180 
7 3 21.5 18.5 310 160 
8 2 21 21 250 180 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 14 days Initial 14 days 
1 2 17 16.5 230 123 
1 4 18.5 17.5 290 140 
2 1 17.5 17.5 260 145 
2 3 17.5 17.5 260 150 
3 2 20 20 310 215 
3 4 16.5 16.5 270 115 
4 1 20.5 19.3 250 120 
4 3 19.5 18.5 360 172 
5 2 20.5 19.6 230 100 
5 4 21 21 250 122 
6 1 20 19.5 330 155 
6 3 22 21 290 140 
7 2 19.5 18.5 355 242 
7 4 20 20 360 271 
8 1 19.5 19 330 200 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 21 days Initial 21 days 
1 1 16 15 440 200 
1 3 18.5 17 285 128 
2 2 22.5 21.5 344 169 
2 4 22.5 21.5 347 173 
3 1 17.8 17.5 352 160 
3 3 19.1 18 300 140 
4 2 21 20 305 103 
4 4 22.5 21.5 323 108 
5 1 20.5 19.4 402 212 
5 3 18.8 18.5 368 154 
6 2 21 20 250 142 
6 4 20.5 18.2 410 170 
7 1 22.5 21 331 130 
7 3 21 19 288 115 
8 2 16 15 360 170 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 21 days Initial 21 days 
1 2 17 16.5 250 103 
1 4 16.5 16 230 128 
2 1 21.5 20.5 232 162 
2 3 21 20 220 150 
3 2 18.3 17.5 332 150 
3 4 15.5 14.4 345 170 
4 1 21 20.5 270 155 
4 3 21 20 270 115 
5 2 19.6 19 340 175 
5 4 21 20 265 120 
6 1 19 17 310 110 
6 3 17.5 16 280 120 
7 2 23.5 22 352 172 
7 4 20.5 18.5 268 103 
8 1 18.5 17.5 323 163 
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 
Canine retraction 

distance  Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 28 days Initial 28 days 
1 1 15 13.7 382 105 
1 3 17 15.5 259 110 
2 2 17.5 16.5 302 70 
2 4 17.5 16 305 90 
3 1 20.5 17.8 410 175 
3 3 20.5 19.1 320 158 
4 2 18.6 17.8 343 170 
4 4 19.6 19.2 366 158 
5 1 16.9 16 268 135 
5 3 19.6 19 360 135 
6 2 17.5 17.3 325 97 
6 4 18 17.6 340 85 
7 1 17 16 382 150 
7 3 18.5 18 380 160 
8 2 20 18.3 390 110 
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 
Canine retraction distance Force measurement  

(mm.) (grams) 
Subject Quadrant 

Initial 28 days Initial 28 days 
1 2 16.5 16 220 120 
1 4 16 15.5 350 112 
2 1 17.5 17 278 95 
2 3 16.5 16 200 50 
3 2 20 18.3 350 140 
3 4 16.5 15.5 220 102 
4 1 19.3 18.8 344 170 
4 3 18.5 18 312 148 
5 2 17.7 16.5 283 130 
5 4 19.5 18.5 342 108 
6 1 17.5 17 300 60 
6 3 14.4 14.2 330 80 
7 2 18.5 17.2 320 152 
7 4 20 18 370 155 
8 1 17 15.6 280 100 
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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