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Abstract: 

Aim & Objectives: The aim of the in-vivo study was to evaluate the force decay of three different clear 

elastomeric ligatures at four different time intervals. 

Materials and methods: Ten patients undergoing fixed orthodontic treatment with 0.019" x 0.025" SS arch wire 

placed passively in the lower arch were included. The three groups of clear elastomeric ligatures from three 

different manufacturers were placed on the specific lower incisor assigned to each. The force levels required to 

stretch the modules to a predetermined length of 4.1mm were evaluated at 0 hour, 24 hours, 7 days and 21 days 

after intra-oral use using a universal testing machine. One way ANOVA followed by Post hoc Tukey HSD was 

performed for within the group and between group comparisons. Paired T test was done for pairwise comparisons. 

(P value≤ 0.05) 

Results: The mean force level recorded were high for as received elastomeric ligatures in all the three study 

groups and all demonstrated a significant force decay over time. One way ANOVA showed a significant 

difference between the force levels recorded at different time intervals within and between the groups. Post Hoc 

Tukey HSD revealed a significant difference between the three groups at all the time intervals except at 7 days 

and 21 days for Group II and Group III samples. Paired sample T test for pairwise comparison of force exerted 

at      different time intervals in all the three groups revealed a significant difference. 

Conclusion: Group I elastomeric ligatures exhibited significantly high mean force and less force decay compared 

to Group II and Group III samples. All the three ligatures exhibited significant force decay over time. 

Keywords: Elastomeric ligature, Force decay, Force degradation, Mechanical testing 

 
 

Address for Correspondence: 

Dr. Sangeetha Duraisamy MDS, 

Professor, Department of orthodontics, SRM Dental College, Bharathi Salai, Rampuram, 

Chennai, Telephone number: 9789000386 

E-mail ID: sangeetha.guhan@yahoo.com 

 
 

© 2022 Published by MM Publishers. Selection and/or peer-review under responsibility of Saveetha Institute of Medical and Technical Sciences 

https://www.mmpubl.com/


26 Parambil et al - Force decay of elastomeric ligatures 
 

 

 

 

INTRODUCTION 

 
Elastomeric ligatures are routinely used in orthodontics to engage the arch wire to the bracket slot. [1-3] The force 

exerted by these modules and the force decay over time vary depending on numerous factors including 

composition, manufacturing method, the thickness and diameter, additives added, storage environment, oral 

environment, method of placement and the degree of pre-stretching before placement. [1-6] 

Though stainless steel ligatures offer high arch wire seating forces and least amount of friction, elastomeric 

modules remain popular because of its ease of use, reduced chair side time, less tissue irritation, and its use as 

elastic tiebacks for retraction.[1,2,7-9] However they attract more plaque, cause binding during sliding, with rapid 

relaxation of force in the first 24 hours leading to improper seating of arch during torquing or rotational 

corrections.[2, 8, 9-11] Studies have shown that significant variations present in the mechanical and frictional 

characteristics of elastomeric ligatures manufactured from the same material.[10, 12-18] 

A recent systematic review and meta-analysis by Andhare P et al analyzed the data published from earliest to 

the year 2000 and concluded that observed even though not significant a difference existed between the invitro 

and in-vivo force degradation of elastomeric ligatures and chains.[7] They included 53 studies out of which only 

nine were In-vivo studies and only two studies evaluated the in-vivo force decay of elastomeric ligatures and the 

rest evaluated elastomeric chains. [19, 20] 

In vitro laboratory studies may underestimate the loss of material properties and the higher force decay noted in 

the in-vivo studies may be due to the variations in oral temperature, pH, and mechanical stress and the presence 

of salivary and bacterial enzymes.[5, 19, 20] Hence this study was aimed to evaluate the force decay of three different 

clear elastomeric ligatures available in the market under optimal clinical environment over a period of three weeks. 

MATERIALS & METHODS 

 

Ten patients undergoing fixed orthodontic treatment in the Department of Orthodontics, SRM Dental College 

Ramapuram and who gave written consent were included in the study. Patients undergoing treatment with Roth 

prescription, 0.022" slot preadjusted edgewise stainless-steel brackets (Victory series, 3MUnitek, Monrovia, 

California) with aligning and levelling completed and 0.019" x 0.025" SS arch wire placed passively in the lower 

arch were selected. 
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The clear elastomeric ligature modules supplied by three different manufacturers formed the three study groups 

[Group I: Molded “O” (Ormco, USA), Group II: Alastik (3M Unitek, USA) and Group III: Uni-stick (American 

Orthodontics, USA)] (Fig 1). 

 

 
Fig 1: Clear elastomeric ligature modules belonging to Group I, Group II & Group III 

 

The elastomeric ligatures were bought from a batch with an optimum shelf life and were stored in a cool dry place 

until used. The modules were remained sealed in their plastic pouches till it was placed in the patient's mouth. 

Each elastomeric modules were placed in the patient’s mouth on the specified lower incisor brackets (Group I – 

Lower right lateral incisor, Group II – Lower right central incisor & Group III – Lower left central incisor) in a 

conventional figure of ‘O’ pattern using a power shooter module changer (Straight shooter ligature gun, TP 

orthodontics) with utmost care (Fig 2&3). The modules belonging to each group were evaluated at 4 different 

time intervals at 0 hour (as received), 24, 7 days, and 21 days after intra-oral use. 

 

 
Fig 2: Power shooter module changer 

 

 
Fig 3: Intra oral photographs showing modules placed in the respective teeth after 24 hrs, 7 days and 21 days 

 

respectively 
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Thirty samples belonging to each group from the 10 patients were retrieved after the specific time interval and 

replace with fresh modules. The samples were rinsed with distilled water to remove the loosely bound deposits. 

They were grouped and stored in labelled sterile containers with distilled water and transported to the laboratory 

and subjected to testing within a time span of 3 hours (Fig 4). 

 

 
Fig 4: Sterile containers used for transporting the samples to the lab 

 

An Instron universal testing machine (Instron model 1112, Instron Corp.) with a 5 kg load cell was used for this 

study. A piece of 23 gauge (0.55 mm diameter) stainless steel wire, bent in the form of hook was secured to the 

lower fixed clamp and a second identical piece of wire parallel to the first wire was attached to the load cell of the 

testing machine. The modules were placed between the hooks and stretched at the rate of 0.2” (5 mm) per minute 

as described by Kovatch to a predetermined length of 4.1mm (Fig 5). [20] 

 

 
Fig 5: The modules encage the positioning jigs of the Instron universal testing machine and stretched to a 

 

predetermined length and the force levels being recorded. 
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The amount of the stretch (4.1mm) was calculated using the formula D1= 2x + π (D2) Where D1 is the 

circumference of the elastomeric module stretched over the lower incisor twin bracket, X is the distance necessary 

to stretch the ligatures on testing machine and D2 is the circumference of the hook. The length of a 0.009” stainless 

steel ligature wire that required for ligating the bracket corresponds to the circumference of the elastomeric module 

(D1) when placed over the same bracket. 

The highest force levels recorded for all the study groups at a maximum of 4.1mm stretch at each time period was 

taken. The mean force values and standard deviations for all the groups at each time period and force decay rate 

were calculated. One way ANOVA followed by Post hoc Tukey HSD was performed for within the group and 

between group comparisons. Paired T test was done for pairwise comparisons between force levels at different 

time intervals. A P value lesser than or equal to 0.05 was considered as level of significance. 

RESULTS: 

 

The mean force level recorded were high for the as received modules for all the three study groups. The 

elastomeric modules belonging to the Group I (Power “O”, Ormco)] recorded a significantly high mean force 

level at all the four-time interval tested followed by Group II (Alastik, 3M Unitek) and Group III (Unistick, 

American Orthodontics). (Table 1 & Table 2) 

Table 1: Descriptive statics of force levels exerted by Group I, II and Group III ligature modules at different 

time intervals in gms 
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Table 2: Percentage of force decay of elastomeric ligatures belonging to Group I II & III 

 
 

 
 

The force decay rate Group I (Power “O”, Ormco)] modules at 24 hrs, 7 days and 21 days were 33.29%, 66.10% 

and 77.12% respectively (Table.2). Group II (Alastik, 3M Unitek) the recorded a force decay of 70.76% and 

79.83% from the base line value (Table.2). A similar trend of force decay was noted in Group III (Unistick, 

American Orthodontics) samples where the force decay was 32.94 % at 24 hrs and 69.85% at 7 days and almost 

79.31% of the force was lost by 21 days. (Table 2). 

One way ANOVA showed a significant difference between the force levels recorded at different time intervals 

 

within and between all the three study groups (Table 3). 

 

Table 3: One way ANOVA for comparison of force levels between 3 groups at different time intervals 
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Post Hoc Tukey HSD for Multiple comparisons between the groups at different time interval revealed a 

significant difference between the three groups at all the time intervals tested except at 7 days and 21 days where 

the force levels exerted by the group II (Alastik, 3M Unitek) and Group III samples were not significantly different 

(Unistick, American Orthodontics) (Table.4). 

Table 4: Post Hoc Tukey HSD for Multiple comparisons between the groups at different time interval 

 
 

 

Paired sample T test for pairwise comparison of force exerted between different time intervals in all the three 

groups revealed a significant difference (Table.5, 6 & 7). 

Table 5: Paired sample T test for pairwise comparison in Group I at different time intervals 
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Table 6: Paired sample T test for pairwise comparison in Group II at different time intervals 

 
 

 

 
Table 7: Paired sample T test for pairwise comparison in Group III at different time intervals 
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DISCUSSION: 

 

Rapid force decay is a major disadvantage of elastomeric ligatures which may result in improper seating of arch 

wires in bracket slot or loss of retraction force when used for canine or en-masse anterior retraction.[5, 16, 22] Studies 

evaluating the force decay of elastomeric ligatures are limited to invitro studies with only very few in-vivo 

studies.[19, 20] The time intervals used in the study were taken assuming that elastomers are changed between 

third and fourth week and the force decay between 3rd and 4th week was no greater than 2% as reported by 

Young et al.[23- 25] The samples were transported in sterile containers with distilled water, because dry samples 

could record more force levels due to dehydration of the material.[23] 

The group with higher force levels after 24 hours, 3 weeks, 7 days was found to be Group I followed by Group 

II  followed by Group III. The possible reasons for the intra group variation in this study may be differences in 

the dimension of the modules and deterioration of the material. Most of the decay in force occurred within the 

first day and continued at a slower rate during the rest of the three-week period. This is in concurrent with the 

previous in-vivo studies conducted with elastomeric ligatures.[7, 19, 21] The variation in the force level between the 

groups might be due to the difference in the material properties as suggested by Kuster et al and another reason 

could be because of the difference in the inner diameters and wall thickness as suggested by Taloumis.[2, 15] 

The percentage of force loss at 24 hrs was highest in Group I followed by Group III and Group II. After one week 

and 21 days the force decay was highest in Group II followed by Group III and Group I. The samples from Group 

I had higher initial mean force levels, and percentage of force decay less as compared to the other study groups. 

This finding was in contrast with Kovatch Lu et al and who found that, greater the initial force, greater the force 

decay.[21,25] This may be due to the improvement in the material science including superior ingredients, 

morphological characteristics and improved methods of manufacturing. 

The result of this study shows that the selection of ligatures should not be based on the clinician's loyalty to a 

particular company, cost of the ligatures, the variety of sizes and colors available, the clinical feel of the ligatures 

but also on the mechanical properties of the concerned product. Elastomeric ligatures tested in this study 

demonstrated a low residual force after 21 days and therefore elastomeric ligatures can be useful in the initial 

aligning and levelling phase of orthodontics and change of modules every three weeks could be beneficial. But if 

the properties of force decay are taken into consideration, stainless steel ligatures ought to be the better choice of 

ligation especially in the later stages of orthodontic treatment. 
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CONCLUSION 

 

Group I elastomeric ligatures exhibited significantly high mean force level followed by Group II and 

Group III modules at all four-time intervals tested. The force exerted by the three elastomeric ligatures were 

significantly different at all-time intervals tested except in group II and Group III samples at 7 and 21 days. 

Group I elastomeric ligatures exhibited significantly less force decay compared to Group II and Group III. The 

remaining forces available at the end of three weeks of intra oral use appeared to be insufficient for effective 

torquing effect and severe rotational corrections in all the three study groups and hence changing modules after 

three weeks may be beneficial in those cases. 
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