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Ligature type in�uences orthodontic treatment speed, but conclusive evidence comparing 

alignment time between steel and elastomeric ligatures is limited. Objective: To compare the 

treatment time required by elastomeric ligatures and steel ligatures, in days, to achieve 

complete alignment of the lower anterior teeth. Methods: This randomized clinical trial was 

conducted at Khyber College of Dentistry, Peshawar, involving 180 participants (90 in each 

group: steel and elastomeric ligatures). The study included patients aged 12 to 18 years receiving 

permanent orthodontic treatment with lower premolar extractions and a Little's Irregularity 

Index of 7-9 mm. Exclusion criteria included systemic conditions, speci�c dental conditions, 

and poor periodontal health. Participants were randomly assigned to either the steel or 

elastomeric ligature group, and the time to reach alignment in the lower arch was recorded. A 

Student's t-test was used for comparison. Results: The age (p = 0.860), gender distribution (p = 

0.210), and age groups (p = 0.730) were similar across both groups. The steel ligature group 

required less time (218.39 ± 10.02 days) compared to the elastomeric group (224.64 ± 9.39 days) 

(p<0.001). This trend was consistent across gender, with both females and males demonstrating 

notable variations (p<0.001 and p = 0.004, respectively). The 12–15 years age also showed a 

notable distinction (p<0.001), while the 16–18 years group demonstrated a smaller but still 

signi�cant difference (p = 0.016). Conclusion: Stainless steel ligatures required less time to 

achieve optimal alignment.
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It is important to have an e�cient treatment approach that 

yields positive treatment outcomes while reducing the 

time spent in clinical settings and the overall duration of 

treatment [1].  The initial stage of �xed appliance therapy 

involves aligning the teeth, which can vary based on 

different factors. The biological condition of the tissues 

plays a crucial role in how orthodontic forces are applied to 

the periodontium, enabling tooth movement within the 

alveolar bone [2]. Numerous biological elements, including 

tooth vitality, cellular and connective tissue response, and 

periodontal health, are necessary for orthodontic tooth 

movement to be successful [3]. However, the choice of 

bracket system and archwire directly in�uences these 

biological factors [4]. An optimal ligation technique should 

guarantee full bracket engagement with the arch wire and 

exhibit little friction between brackets and the arch wire in 

order to successfully resolve crowding in orthodontic 

treatment [5]. In orthodontic treatment, achieving proper 

alignment of anterior teeth is a key objective [6]. Different 

ligation methods, such as elastomeric and steel ligatures, 

have been employed to achieve alignment [7]. Elastomeric 

ligatures are preferred by orthodontists due to their ease of 

use and reduced chairside time, but the effectiveness is 

reduced overtime due to absorption and friction [8]. Steel 

ligatures on the other hand require manual twisting of wire 

thereby increasing chairside time but provide effective 

engagement of wire into bracket slot and provide low 

friction mechanics [9]. The duration of treatment is an 
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M E T H O D S

important factor for both patients and orthodontists, as it 

can impact overall treatment e�ciency and patient 

satisfaction. In a study by A study reported the mean 

treatment time for alignment in elastomeric ligature was 

224.95±8.702 days while in steel ligature was 176.15 ± 

9.81days [10]. The purpose of this study is to compare the 

average amount of time needed to align anterior teeth with 

steel and elastomeric ligatures. By evaluating and 

analyzing these two commonly used ligation techniques 

can gain valuable insights into their  respective 

effectiveness in facilitating the alignment of anterior teeth. 

Owing to the contradictory results of the aforementioned 

studies this study would put to rest the contradictions. 

Ultimately, the �ndings from this study may contribute to 

informed decision-making regarding ligation methods, 

optimizing treatment outcomes, and enhancing patient 

experiences in orthodontic practice. There is lack of 

research on this topic in Pakistan, so this study will provide 

local statistics. The results can be variable across different 

populations due to genetic, ethnic and environmental 

factors.

E�cient orthodontic treatment aims to achieve optimal 

tooth alignment within the shortest possible time while 

maintaining biological safety and patient comfort. 

Different ligation methods, particularly stainless steel and 

elastomeric ligatures, are widely used during �xed 

orthodontic therapy, yet their in�uence on alignment 

e�ciency remains debated. Previous studies have 

reported inconsistent �ndings regarding treatment 

duration and frictional behavior between these ligation 

techniques. Moreover, limited clinical trials from Pakistan 

have evaluated their comparative e�ciency, highlighting 

the need for locally generated evidence to guide 

orthodontic practice. The objective was to compare the 

treatment time required by elastomeric ligatures and steel 

ligatures, in days, to achieve complete alignment of the 

lower anterior teeth.

mm, and not undergoing any additional treatment with 

functional or orthopedic appliances were included. 

Patients with systemic conditions, those taking 

medications affecting tooth movement, and those with 

missing, impacted, unerupted, fractured, restored, 

carious, or enamel-defective lower front teeth, as well as 

those with poor periodontal health, were excluded. The 

study received ethical approval from the hospital's ethical 

council, noti�cation number for which is 44/RRB/KCD. The 

trial was also registered on clinicaltrials.gov and was 

allotted a registration number: NCT07014332. Participants 

were recruited from Khyber College of Dentistry's 

O r t h o d o n t i c s  D e p a r t m e n t  i f  t h ey  s a t i s � e d  t h e 

requirements for inclusion. Prior to their enrolment, all 

participants provided written informed permission after 

being fully told about the study's goals, methods, possible 

risks, and advantages. The subjects who ful�lled the 

inclusion criteria were assigned to one of two groups using 

the lottery method. Group A received steel ligatures, while 

Group B received elastomeric l igatures for wire 

engagement in the brackets. All participants were bonded 

with metal 0.022" slot MBT pre-adjusted appliances. The 

archwire order included 0.012 NiTi, 0.014 NiTi, 0.018 NiTi, 

and 0.019x0.025 NiTi until alignment was achieved. 

Adjustment appointments were scheduled at six-week 

intervals. Mandibular dental casts were taken on the day of 

appliance placement (T1) and again on the day when 

alignment was reached (T2). Using a Castroviejo calliper, 

Little's Irregularity Index was computed on the mandibular 

casts. The alignment time was recorded in days, starting on 

the day the appliance was placed and ending on the day 

alignment was attained (T2-T1). All of this information was 

documented in a predesigned proforma. Little's Irregularity 

Index was measured as the separation, in millimeters, of 

the total of horizontal shifts of the mandibular anterior 

teeth's anatomical points of contact, using a Castroviejo 

caliper. It was recorded as 0 (Perfect alignment), 1-3 

(Minimal irregularity), 4-6 (Moderate irregularity), 7-9 

(Severe irregularity), and 10 (Very severe irregularity) [11]. 

Alignment was de�ned as a Littles Irregularity Index score 

of zero, which was calculated by summing the distances (in 

millimeters) of the horizontal displacements of the 

anatomical contact mandibular anterior teeth points. Bias 

and confounders were controlled in the study by closely 

following to the inclusion/exclusion criteria and through 

randomization. Effect modi�ers, including gender, age, 

and pre-treatment irregularity, were controlled by 

randomization. R software version 4.3.3 was used to 

analyse the data. The mean and standard deviation were 

calculated for numerical explanatory variables such as age 

and time to reach alignment. Frequency and percentage 

were calculated for qualitative explanatory variables like 

180 patients (90 each group) participated in this 

randomised clinical trial, which was carried out at the 

D e p a r t m e n t  o f  O r t h o d o n t i c s  a n d  D e n t o f a c i a l 

Orthopaedics, Khyber College of Dentistry, Peshawar, from 

September 19, 2024, to May 10, 2025, using a sequential, 

non-probability sampling procedure. Using OpenEpi 

software and assuming a mean duration of 224.95 ± 8.7 

days for the elastomeric ligature group and 219.95 ± 9.82 

days for the steel ligature group, a sample size of 90 

participants per group will detect a 5-day difference in 

mean duration with 95% power at a 5% signi�cance level 

[10]. Patients aged 12 to 18 years, requiring �xed 

orthodontic treatment with premolar extractions in the 

lower jaw, having a Little's Irregularity Index score of 7-9 
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Table 1: Demographic Comparison of Both Groups (n=180)

R E S U L T S

The use of parametric analysis was supported by the data's 

approximate normal distribution (Shapiro-Wilk test: W = 

0.993, p = 0.512). The demographic characteristics of the 

elastomeric group (N = 90) and steel ligature group (N = 90) 

were similar (Table 1). Mean age was 15.3 (SD 2.13) years for 

the elastomeric group and 15.2 (SD 2.04) years for the steel 

group (p = 0.860). Gender distribution did not differ 

signi�cantly (p = 0.210), with 26.7% females in the 

elastomeric group and 35.6% in the steel group. Age groups 

(12–15 vs 16–18 years) were comparable (p = 0.730) (Table 1).

two groups revealed that the elastomeric ligature group 

took signi�cantly longer (224.64 ± 9.39 days) than the steel 

ligature group (218.39 ± 10.02 days) (p < 0.001). Gender wise, 

among females,  the elastomeric group required 

signi�cantly more time (227.75 ± 9.54 days) compared to 

the steel group (218.19 ± 10.45 days), (p < 0.001). Similarly, 

males in the elastomeric group had a signi�cantly longer 

alignment time (223.52 ± 9.14 days) compared to the steel 

group (218.50 ± 9.86 days), (p = 0.004). With respect to age 

groups, the 12–15 years age group showed a signi�cant 

difference, with the elastomeric group taking longer 

(225.18 ± 10.22 days) than the steel group (217.77 ± 9.53 

days), (p < 0.001), while the 16–18 years age group showed a 

smaller but still signi�cant difference (p = 0.016) (Table 2).

gender. To compare the time to alignment (in days) for the 

steel and elastomeric groups at T2, an independent 

samples t-test was used. The Shapiro-Wilk test was used 

to evaluate the data's normality. Post-strati�cation 

independent samples t-test was used to control for 

confounders like age and gender. A p-value was deemed 

statistically signi�cant if it was less than or equal to 0.050. 

Figure 1 shows the participant progression CONSORT �ow 

diagram.

Table 2: Time (Days) to Achieve Dental Alignment Overall, By 
Gender, And Across Age Groups (n=180)
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Figure 1: CONSORT Flow Diagram Depicting the Enrollment, 
Allocation, Follow-Up, and Analysis of Study Participants

Characteristics
Elastomeric Ligature

Frequency (%)

Steel Ligature 

Frequency (%)

p-

Value

Gender

Age Groups

Age

Female

Male

12-15 years

16- 18 years

15.3 (2.13)

24 (26.67)

66 (73.33)

44 (48.89)

46 (51.11)

15.2 (2.04)

32 (35.56)

58 (64.44)

47 (52.22)

43 (47.78)

0.860*

0.210**

0.730**

*Student t test; **Chi-square test

The comparison of alignment time (in days) between the 

Characteristics

Alignment time (Days)
p-

Value*Elastomeric Ligature 

(Mean ± SD)

Steel Ligature 

(Mean ± SD)

Female (N = 24 / 32)

Male (N = 66 / 58)

12–15 (N = 44 / 47)

16–18 (N = 46 / 43)

Overall 224.64 ± 9.39 218.39 ± 10.02 <0.001

227.75 ± 9.54

223.52 ± 9.14

225.18 ± 10.22

224.13 ± 8.59

218.19 ± 10.45

218.50 ± 9.86

217.77 ± 9.53

219.07 ± 10.59

<0.001

<0.004

<0.001

0.016

Gender

Age Group (years)

*p-values from independent t-tests or equivalent comparisons

The present study examined how e�ciently teeth aligned 
when using either elastomeric or steel ligatures during 
�xed orthodontic treatment. The results showed a clear 
and alignment difference that is statistically signi�cant 
time between the two approaches, both in the overall group 
and when looking at subgroups based on gender and age. 
These �ndings led to the rejection of the null hypothesis, 
which assumed that there would be no meaningful 
difference in alignment time between the two types of 
ligatures. The main �nding of this study showed that 
patients who were treated with steel ligatures had their 
teeth aligned in signi�cantly less time compared to those 
who received elastomeric ligatures, although the 
difference of 7 days is clinically insigni�cant. On average, 
the steel group completed alignment in about 218 days, 
while the elastomeric group took around 225 days, and this 
difference was statistically signi�cant (p < 0.001). This 
shorter treatment time with steel ligatures is a clear 
advantage. When teeth move into position more quickly, 
patients may spend less time wearing �xed appliances 
overall, which could reduce the chances of developing 
problems like gingivitis, white spot lesions, or discomfort 
[12, 13]. A shorter treatment period can also make it easier 
for  patients  to  stay  motivated and fol low their 

D I S C U S S I O N



orthodontists' instructions [14]. This �nding aligns with the 
results of previous investigations which demonstrated 
that steel ligatures generate less friction at the bracket-
wire interface compared to elastomeric modules [15]. 
Reduced friction facilitates more e�cient transmission of 
orthodontic forces, thereby enhancing the rate of tooth 
alignment, particularly in cases of dental crowding [16, 17]. 
Furthermore, it is reported that elastomeric ligatures are 
prone to degradation over time due to exposure to saliva 
and masticatory forces, leading to a decline in their 
capacity to maintain consistent force levels. In contrast, 
steel ligatures exhibit superior mechanical stability and are 
capable of sustaining their force over prolonged periods, 
making them a more reliable choice in the early stages of 
orthodontic therapy [18]. In a randomized clinical trial, 
Soumya et al., compared the e�ciency of various ligation 
methods in aligning mandibular anterior teeth [10]. The 
study found that the mean time to alignment was 
signi�cantly longer with elastomeric ligatures (224.95 ± 
8.70 days) compared to stainless steel ligatures (176.15 ± 
9.81 days). This considerable difference suggested that 
stainless steel ligatures are more effective in the early 
stages of orthodontic therapy. Their mechanical stability 
and resistance to force degradation enable more 
consistent tooth movement, whereas elastomeric 
ligatures tend to lose their elasticity over time, which can 
compromise the e�ciency of alignment. In the research 
carried out by Reddy et al., a direct comparison between 
different ligation systems revealed important information 
about the relative e�ciency of stainless steel and 
elastomeric ligatures during the orthodontic treatment's 
initial alignment phase [19]. Among the �ve ligation 
systems evaluated, the study speci�cally reported that the 
mean treatment duration to achieve mandibular alignment 
was 176.3 ± 11.08 days for elastomeric ligatures and 175.56 ± 
9.41 days for stainless steel ligatures. Although the 
difference between these two conventional systems was 
minimal and not statistically signi�cant, the �ndings 
suggest that stainless steel ligatures may offer slightly 
more consistent performance in reducing friction and 
maintaining force over time. The subgroup analysis 
demonstrated that alignment was achieved over a shorter 
duration with steel ligatures across both genders and age 
groups, indicating that gender and age did not serve as a 
signi�cant modifying factor. The effect of faster alignment 
with steel ligatures was more pronounced in the younger 
age group, likely due to enhanced tissue remodeling 
capacity during early adolescence [20]. Given that baseline 
characteristics such as age, gender distribution, and initial 
severity of malocclusion were comparable between 
groups, these �ndings can be attributed to the ligation 
method rather than confounding demographic variables.
This study has certain limitations, including its single-

center design and the use of non-probability sampling, 
which may limit the generalizability of the �ndings. 
Additionally, only lower anterior alignment time was 
evaluated, while other treatment outcomes such as patient 
comfort, plaque accumulation, and long-term orthodontic 
stability were not assessed. The relatively short 
observation period also restricted evaluation of complete 
orthodontic treatment duration. Future multicenter 
randomized trials with longer follow-up and assessment of 
additional clinical parameters are recommended to 
provide more comprehensive evidence regarding the 
optimal ligation method in orthodontic therapy.

C O N C L U S I O N S

A signi�cant difference in alignment time was observed 

between elastomeric and stainless steel ligatures. The 

�ndings shown that the type of ligature used can have a big 

impact on the alignment time. Compared to elastomeric 

ligatures, stainless steel ligatures take less time to attain 

ideal tooth alignment. 
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