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Abstract  

Background: 

Orthodontic treatment success significantly depends on the mechanical properties 

of archwires. An ideal archwire should offer optimal elasticity, minimal friction, 

and high resistance to deformation and breakage, all while ensuring patient 

comfort. This clinical study aimed to compare the performance of different types 

of archwires in terms of deformation, breakage, frictional resistance, and 

associated patient discomfort. 

Materials and Methods: 

A total of 60 patients undergoing fixed orthodontic treatment were randomly 

divided into three groups (n=20 each) based on the type of archwire used: Group 

A – Nickel-Titanium (NiTi), Group B – Stainless Steel (SS), and Group C – Beta-

Titanium (TMA). Over a 12-week period, archwires were assessed for 

deformation and breakage during clinical follow-ups. Frictional resistance was 

measured using a universal testing machine, and patient discomfort was evaluated 

using a Visual Analog Scale (VAS) after 24 hours and 7 days of wire placement. 

Results: 

NiTi wires showed the least wire deformation (mean value: 0.3 mm) and breakage 

incidence (5%) compared to SS (0.8 mm, 15%) and TMA (0.5 mm, 10%). 

Frictional resistance was highest in TMA wires (2.5 N), followed by NiTi (1.8 N) 

and SS (1.2 N). Patient discomfort scores were highest for TMA (VAS score: 6.5 

± 1.2), followed by SS (5.8 ± 1.0), and least for NiTi (4.2 ± 0.9). Statistically 

significant differences were noted across all parameters (p < 0.05). 

Conclusion: 

Nickel-Titanium archwires demonstrated superior clinical performance with 

lower deformation, minimal breakage, reduced friction, and better patient 

comfort. TMA wires, while offering moderate deformation resistance, caused 

more discomfort and higher friction, suggesting a need for cautious use during 

initial treatment phases. 

 

Introduction 

Orthodontic archwires play a pivotal role in tooth movement by delivering controlled forces to achieve 

desired alignment and occlusion. The selection of an appropriate archwire is crucial, as its physical and 

mechanical properties directly influence the efficiency and comfort of orthodontic treatment (1). Among 

the widely used archwire materials, Nickel-Titanium (NiTi), Stainless Steel (SS), and Beta-Titanium 
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(TMA) each exhibit distinct characteristics in terms of flexibility, stiffness, formability, and resistance 

to corrosion and fracture (2,3). 

NiTi wires are well-known for their superelasticity and shape memory properties, which contribute to 

gentle and continuous force delivery, especially during initial stages of treatment (4). Stainless steel 

wires, although less flexible, offer superior formability and lower friction, making them suitable for the 

finishing phase (5). On the other hand, Beta-Titanium wires offer a balance between flexibility and 

stiffness, making them useful in intermediate stages where moderate forces are needed (6). 

However, clinical performance is not determined solely by material properties; factors such as wire 

deformation, breakage, frictional resistance, and patient comfort also impact the overall effectiveness 

of treatment (7). Excessive wire deformation or breakage can prolong treatment time and necessitate 

frequent adjustments, while higher frictional resistance may reduce the efficiency of tooth movement 

(8). Additionally, patient discomfort due to wire stiffness or edge sharpness may affect compliance and 

overall satisfaction (9). 

Despite the availability of various wire types, comparative clinical evaluations focusing on both 

mechanical and patient-centered outcomes are limited. This study was designed to assess and compare 

the clinical behavior of NiTi, SS, and TMA archwires in terms of deformation, breakage, frictional 

resistance, and patient discomfort during orthodontic treatment. 

Materials and Methods 

This prospective clinical study was conducted on 60 patients (aged 15–25 years) undergoing fixed 

orthodontic treatment at a tertiary dental care center. Ethical approval was obtained from the 

institutional review board, and informed consent was secured from all participants prior to enrollment. 

Sample Distribution: 

Patients were randomly divided into three equal groups (n = 20) based on the type of initial archwire 

used: 

• Group A: Nickel-Titanium (NiTi) archwires (0.016-inch round) 

• Group B: Stainless Steel (SS) archwires (0.016-inch round) 

• Group C: Beta-Titanium (TMA) archwires (0.016-inch round) 

All participants were treated using a 0.022-inch slot pre-adjusted edgewise appliance (MBT 

prescription). Archwires were evaluated during the initial alignment and leveling phase over a period 

of 12 weeks. 

Wire Deformation and Breakage: 

At each follow-up visit (weeks 4, 8, and 12), archwires were clinically examined for visible signs of 

permanent deformation or breakage. Wires showing noticeable distortion or fracture were recorded and 

replaced. 

Frictional Resistance Measurement: 

To assess frictional forces, a separate in-vitro simulation was conducted using 5 wires from each group. 

The archwires were tested using a universal testing machine. Brackets were mounted on an acrylic 

block, and each wire was pulled through at a crosshead speed of 10 mm/min under dry conditions. The 

static frictional force was recorded in Newtons (N). 

Patient Discomfort Evaluation: 
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Patient-reported discomfort was measured using a 10-point Visual Analog Scale (VAS) at 24 hours and 

on the 7th day after wire placement. Patients marked their pain levels on the scale ranging from “no 

pain” (0) to “worst possible pain” (10). 

Statistical Analysis: 

The data were analyzed using SPSS version 25.0. Mean values and standard deviations were calculated. 

Intergroup comparisons were made using one-way ANOVA followed by post-hoc Tukey’s test. A p-

value of <0.05 was considered statistically significant. 

Results 

A total of 60 patients completed the study, with 20 individuals in each group. The data were analyzed 

to compare archwire deformation, breakage rate, frictional resistance, and patient discomfort across the 

three archwire types: Nickel-Titanium (NiTi), Stainless Steel (SS), and Beta-Titanium (TMA). 

Wire Deformation and Breakage 

Nickel-Titanium archwires exhibited the least average deformation (0.31 ± 0.05 mm), followed by TMA 

(0.47 ± 0.08 mm), and the highest deformation was observed in Stainless Steel wires (0.79 ± 0.10 mm). 

Wire breakage was reported in 1 case (5%) in Group A, 3 cases (15%) in Group B, and 2 cases (10%) 

in Group C (Table 1). 

Table 1: Comparison of Wire Deformation and Breakage among Groups 

Archwire 

Type 

Mean Deformation (mm ± 

SD) 

Number of 

Breakages 

Breakage Percentage 

(%) 

NiTi 0.31 ± 0.05 1 5% 

Stainless Steel 0.79 ± 0.10 3 15% 

TMA 0.47 ± 0.08 2 10% 

 

Frictional Resistance 

The static frictional resistance measured in vitro was significantly different among the groups (p < 0.05). 

TMA wires recorded the highest resistance (2.51 ± 0.12 N), followed by NiTi (1.76 ± 0.10 N), while 

Stainless Steel wires demonstrated the least resistance (1.22 ± 0.08 N) (Table 2). 

Table 2: Frictional Resistance of Archwires (in Newtons) 

Archwire Type Frictional Resistance (N ± SD) 

NiTi 1.76 ± 0.10 

Stainless Steel 1.22 ± 0.08 

TMA 2.51 ± 0.12 

 

Patient Discomfort 

Pain perception was highest in the TMA group at both 24 hours (6.5 ± 1.2) and day 7 (4.1 ± 0.9). NiTi 

wires resulted in the lowest discomfort scores at both time points (24 hours: 4.2 ± 0.9; day 7: 2.3 ± 0.7). 

Stainless Steel wires had intermediate values (Table 3). 

Table 3: Mean Visual Analog Scale (VAS) Scores for Patient Discomfort 
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Time Interval NiTi (Mean ± SD) Stainless Steel (Mean ± SD) TMA (Mean ± SD) 

24 Hours 4.2 ± 0.9 5.8 ± 1.0 6.5 ± 1.2 

Day 7 2.3 ± 0.7 3.7 ± 0.8 4.1 ± 0.9 

Significant differences were observed between the groups for all evaluated parameters (p < 0.05), 

indicating that the type of archwire used plays a crucial role in determining clinical performance and 

patient comfort (Tables 1–3). 

Discussion 

The clinical performance of orthodontic archwires is a critical factor influencing the efficiency of tooth 

movement, treatment duration, and patient comfort. This study compared three commonly used 

archwire types—Nickel-Titanium (NiTi), Stainless Steel (SS), and Beta-Titanium (TMA)—with respect 

to wire deformation, breakage, frictional resistance, and discomfort experienced by patients during the 

early stages of orthodontic treatment. 

Our findings demonstrated that NiTi archwires exhibited the least deformation and lowest breakage 

incidence, aligning with previous studies that highlighted their superelastic and shape-memory 

properties, which allow consistent force delivery without permanent deformation (1,2). The resilience 

and elasticity of NiTi wires make them ideal for initial alignment, especially in crowded dentitions (3). 

In contrast, Stainless Steel wires showed higher deformation and breakage, likely due to their increased 

stiffness and reduced flexibility under clinical stress (4,5). 

Beta-Titanium (TMA) wires presented intermediate performance between NiTi and SS in terms of 

deformation and breakage. TMA’s moderate modulus of elasticity and capacity for precise bends 

support their use in stages requiring complex tooth movements (6). However, the slightly higher 

deformation rates may limit their efficiency during the initial leveling phase (7). 

Frictional resistance was lowest in Stainless Steel wires, consistent with established literature stating 

that SS wires have smoother surfaces and lower coefficients of friction against metallic brackets (8,9). 

This lower friction enhances sliding mechanics, making SS suitable during space closure phases (10). 

On the other hand, TMA wires demonstrated the highest frictional forces, which can be attributed to 

their rougher surface texture and higher surface reactivity (11). Elevated friction can hinder tooth 

movement and may necessitate increased anchorage control (12). 

Patient discomfort was reported to be highest with TMA wires and lowest with NiTi wires. This can be 

explained by the increased stiffness of TMA wires, which may exert higher initial forces on the teeth 

and supporting structures (13). NiTi wires, by delivering lighter and continuous forces, have been shown 

to reduce pain perception, particularly in the early stages of treatment (14). These findings are in line 

with previous clinical assessments that link wire flexibility and low force application with improved 

patient-reported outcomes (15). 

The clinical implications of this study suggest that careful selection of archwire material based on the 

stage of treatment is essential. NiTi wires remain superior for early-phase tooth alignment due to their 

elasticity and patient-friendly force profile. SS wires are better suited for advanced stages requiring 

torque control and sliding mechanics. Although TMA wires offer versatility and formability, their higher 

friction and discomfort may limit their use in the initial stages. 

Conclusion 

Nickel-Titanium archwires demonstrated superior clinical performance with minimal deformation, 

lower breakage rates, reduced frictional resistance, and greater patient comfort compared to Stainless 

Steel and Beta-Titanium wires. These findings support the use of NiTi wires in the initial phases of 

orthodontic treatment to enhance efficiency and patient experience. 
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