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PART B – TECHNICAL DETAILS 

 

1 Title of the dissertation Orthodontic Retainers and their debonding forces: A Finite 

Element Analysis 

2 Introduction 

 

Orthodontic retention is defined as maintaining teeth in 

optimal aesthetic and functional position after treatment. 



 But retention phase is still one phase which has not 

reached consensus amongst the orthodontist community. [2] 

Whether to delivery fixed lingual retainer or removable 

retainer or both are still a debate. The main factors 

determining the longevity and success of lingual retainers 

are the type of retainer material, type of composite resin 

used for bonding, number of units included for bonding, 

and location of the retainer (i.e., maxillary or mandibular 

arch) [4] 

Fixed retainers were introduced in 1970s to prevent the 

relapse from happening. 

These retainers that are bonded to the lingual faces of the 

teeth are increasingly preferred by orthodontists for being 

both aesthetic and easy to wear by patients for long-term 

use.[2] These retention wires are made from metal alloys, 

e.g., stainless steel, Nickel Titanium (NiTi), glass or 

polyethylene fiber-reinforced composite (FRC). Although 

retainers are frequently used, there are limited in vitro and 

clinical studies available regarding the influence of wires, 

the bonding systems and composite used.[1] 

These retainer wires are of different cross-sections i.e., 

multistranded, circular and flat. Multistranded NiTi wires 

are most frequently used. 

The causes of lingual retainer failures are still not clear. 

The most frequent problems of metal retainers are failure 

of the wire-composite interface, breakage of the wire, and 

detachment of the resin pads at the composite-enamel 



interface.[4] 

For the successful clinical application of a retainer system, 

the force applied to the retainer must not exceed the yield 

strength of the retainer material itself, the composite 

should not cohesively fail and the bond strength between 

the composite and the tooth should be high enough to 

withstand the induced stresses.[1] 

A. Problem statement To check the debonding force, wire deformation after 

debonding of various lingual retainers  

B. Rationale There is a widespread agreement that lingual retainers are 

the need of the hour for patients who are undergoing 

orthodontic treatment, but which type of wire will be the 

best for providing the best retention for a long period of 

time. 

Testing the force which is required to debond various 

wires will help us select the best outcome for the 

treatment. 

C. Novelty 

 

There is a lack of literatures regarding the debonding force, 

wire deformation after debonding of various lingual 

retainers of different cross-sections and their analysis using 

finite element method thus this study aims to get better and 

accurate knowledge about the lingual retainer system. 

D. Expected outcome and 

application 

To measure the debonding force of wires of different 

cross-sections and properties and then analyzed by finite 

element analysis. 

This study can tell us which wire has high or low 

debonding force and thus these values can be applied in 



clinical aspects as well for better results. 

 

3 Research question(s) What is the force required to debond various lingual 

retainers of different cross-sections? 

4 Research hypothesis, if any Null hypothesis- 

The force required to debond and amount of wire 

deformation is same for different lingual retainer wires in 

laboratory settings. 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

Primary objectives- 

1. To evaluate the force required to debond different 

lingual retainers in laboratory settings. 

2. To assess the amount of wire deformation after 

debonding. 

 

6  Review of literature  A review was done by Reitan K (1969) to know the 

basic aspects of the post treatment tissue reaction, 

including dental inter cuspation, and muscle function, 

in addition to a few examples of retention devices. In 

conclusion, among the factors that may cause relapse 

following orthodontic tooth movement, contraction of 

displaced fibrous structures arcs the most important. In 

some cases, the effect of fibrous tissue rearrangement 

may be observed even after several years. Initial tooth 

mobility is caused by certain biophysical changes in 

the ground substance of the periodontal ligament. This 

mobility gradually disappears during the retention 

period following rearrangement of fibrous tissue and 



calcification of new bone layers. Certain teeth, among 

which are the lower lateral incisors, canines, and 

second premolars, tend to migrate towards their 

original position more frequently than other teeth. 

Insertion of short sectional arches combined with 

retention plates to be worn for a long period of time 

may assist appreciably in stabilizing the tooth position. 

It is important to place the retention appliances 

immediately after the fixed appliances are removed. 

Following closure of spaces in adults, some relapse of 

the teeth which have been approximated occurs after a 

few hours. In order to avoid early relapse, a temporary 

arrangement may be used for maintaining tooth 

position until the retention appliance has been 

constructed. 

 Kahl-Nieke B (1996) overviewed the generally 

accepted and special concepts of the last and often life-

long treatment-phase in adult orthodontics, the 

retention phase. The secret of successful adult 

orthodontics lies in adult-specific principles of 

histology and physiology and the interrelation of joint, 

occlusion, and muscles, which helps define the 

requirements of proper diagnosis, mechanics, and 

retention. Retention in adults should include 

maintenance of tooth position, overall dental health, 

and a periodontal status that can be attained 7 by 

combinations of several retention concepts: retention 



appliances and surgical and restorative retention 

procedures. Short- and long-term post retention follow-

up studies have shown that there is no guarantee for 

long-life stability after orthodontic tooth movements in 

adults without an anomaly and treatment specific 

retention phase. 

 Marielle Blake et al (1998) to highlight the factors 

reported to play a role in post-treatment crowding and 

reviews the long-term retention studies evaluating the 

stability of various treatment modalities. 

Recommendations, based on well-documented basic 

principles, are made to try to insure greater post-

treatment stability of our orthodontically treated cases. 

In conclusion the patient’s pretreatment lower arch 

form should be maintained during orthodontic 

treatment as much as possible. Original lower 

intercanine width should be maintained as much as 

possible because expansion of lower intercanine width 

is the most predictable of all orthodontic relapse. 

Mandibular arch length decreases with time. The most 

stable position of the lower incisor is its pretreatment 

position. Advancing the lower incisors is unstable and 

should be considered as seriously compromising lower 

anterior post-treatment stability. 

 K W Lumsden et al (1999) examined the breakage of 

bonded retainers and a retrospective review of survival 

of 200 bonded retainers. Data was collected from two 



centers between November 1996 and February 1997. 

The sample size was divided into three age groups. 

Retainers at both centers were made in 018-inch co-

axial wires with adhesives. Data was analyzed using 

Kaplan Meier survival graphs, Log Rank Tests, and 

finally Cox Proportional Hazard Model. According to 

the conducted study, breakage appears unrelated to 

materials used or to the age and sex of patients. The 

upper retainers break more often than the lower 

retainers and that the early breakage is more likely to 

occur at the adhesive pad than at the wire. 

 C M Jonathan et al (2003) examined the effect of 

resin pre-impregnated and non-pre impregnated fiber 

reinforced composites on enamel to composite shear 

bond strength (SBS). In this study, recently extracted 

60 bovine teeth were used and divided into 5 test 

groups, each group consisting of 12 specimens. First 

group was the control group, wherein only composite 

was used. Two resins pre-impregnated FRC’s Splint-It 

Unidirectional (SIU) and Splint-It Woven (SIW) was 

used in the 2nd and 3rd groups. Two non-resins pre-

impregnated FRC’s Connect (CT) and Ribbond (R) 

were used in the 4th and 5th group. The FRC’s were 

bonded to 37% phosphoric acid etched Prime and Bond 

NT adhesive treated bovine enamel surface. The 

adhesive system, Tetric Flow (Ivoclar/Vivadent), used 

was general to all the groups in the study. Specimens 



were thermo cycled 1000 times between 50 and 550 C 

and loaded on a universal testing machine in shear at 

linear load until fracture. According to the conducted 

study, the Connect (CT) group had significantly higher 

enamel shear bond strength (SBS) than all the other 

groups. The fracture analysis showed adhesive fracture 

at the fiber reinforcement interface with Splint-It 

Woven and cohesive type of fractures in the rest of the 

groups. 

 Ana Milheiro, Niek de Jager, Albert J. Feilzer and 

Cornelis J. Kleverlaan (2014) stated that optimal 

bonding of lingual retainers can be achieved by flexible 

retainers, bonded with intrinsically strong composites. 

According to the FEA models the retainer should be 

bonded with 2–4mm composite, leaving the critical 

‘free-wire’ length for the success of the retainer 

system.  

7  Methodology  

A. Study design Prospective comparative quantitative in vitro study 

B. Study participants (human, animals 

or both) 

N/A 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any (trial-

related therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

Inclusion criteria- 

Extracted teeth   

The study groups will be: 

Group A: Round  lingual wire 

Group B: Round lingual wire(dead soft) 

Group C: Rectangular lingual wire 



ensure safety of the participants)

   

iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

adequate efficacy of the study 

drug or placebo)                                                                   

v. Number of groups to be studied, 

identify groups with definition 

Group D: Lingual Titanium Molybdenum wire 

Exclusion criteria-  

Decayed teeth 

Fluorosed teeth 

Fractured teeth 

Restored teeth 

 

 

 

The study groups will be 4 different wires with variable 

cross-section and materials 

 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

Sample size:96 

It is calculated from below formula. 

 

𝑛 =
2𝑠  𝑧 / + 𝑧

𝜇
 

𝑠 =
𝑠 + 𝑠

2
 

Where,   

 𝑠 : 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 1𝑠𝑡 𝑔𝑟𝑜𝑢𝑝 

𝑠 : standard deviation in the 2nd group 

𝜇 : 𝑚𝑒𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 

𝛼: 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 

1-β:power 

 

D. Randomization details (for 

interventional studies)- 

N/A 



Intervention details with 

standardization techniques (drugs / 

devices / invasive procedures / 

noninvasive procedures / others) 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 

Yes  

F. Study procedure The study groups will be 4 different wires with variable 

cross-section and materials. 

 

The extracted teeth will be scaled to remove debris. They 

will be mounted on an acrylic base and kept in artificial 

saliva for minimum of 48 hours. The teeth will be etched 

with 37% phosphoric acid for 20-30 seconds. Then the 

wires will be cut up to a length of 10mm and then bonded 

with composite on the lingual surface of extracted teeth. 

 

Three-point bending test 

Three-point bend test will be performed with an universal 

testing machine(INSTRON) at 36o C to simulate normal 

temperature of the oral cavity. The mounted extracted teeth 

will be kept under the Instron testing machine and force 

will be applied to see the debonding force of various wires. 

Calibration reset of the Instron machine will be done after 

every ten samples, to ensure that the third prong will touch 

the wire without any force at primary contact. 

 



 

3-D model making 

The samples will be sent for 3- dimensional scanning in a 

CAD-CAM machine(computer aided design and computer 

aided manufacturing)(MEDIT- Model no.- MD-ID0300) 

so that 3-dimensional models can be made.  

 

Testing software 

The 3-Dimensional models will be undergoing finite 

element analysis for checking of the final measurements. 

 

Statistical analysis 

 Descriptive statistics- 

Mean and standard deviation will be calculated for 

debonding force and wire deflection for all 4 groups. 

 Inferential statistics- 

Comparison between 4 groups will be done with the 

help of ANOVA test. 

Pair-wise comparison between each group will be done 

by appropriate POST-HOC test. 

G. Data collection methods including 

settings and periodicity 

Study subject- various lingual fixed retainer wires 

Study area- Dharwad- Hubli 

Study period – 1 year 

 

H. List of statistical tests to be used 

for data analysis 

Tests will be used to analyze the data: 

 Descriptive statistics- 

Mean and standard deviation will be calculated for 



debonding force and wire deflection for all 4 groups. 

 

 Inferential statistics- 

Comparison between 4 groups will be done with the 

help of ANOVA test. 

Pair-wise comparison between each group will be done 

by appropriate POST-HOC test. 

 

I. If it’s a Clinical Trial: Clinical 

Trials Registry of India or 

equivalent registration number to 
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