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Abstract
The selection and sequencing of orthodontic wires are crucial to the effectiveness and comfort of orthodontic therapy. This systematic review examines the mechanical properties, clinical outcomes, and patient-reported pain and treatment duration of commonly used orthodontic wires, including nickel-titanium (NiTi), stainless steel (SS), copper-nickel-titanium (Cu-NiTi), and titanium-molybdenum alloy (TMA). The review analyzes several wire sequences, ranging from direct (NiTi to SS) to progressive (NiTi followed by harder wires), and examines their implications on treatment efficiency, arch alignment, occlusal correction, and root resorption. Special emphasis is placed on the effect of wire selection on patient discomfort, with Cu-NiTi wires being frequently associated with less early pain than ordinary NiTi wires. The combination of evidence from randomized controlled trials, cohort studies, and clinical trials highlights the trade-offs between faster alignment and the potential for higher discomfort or root resorption with shorter wire sequences. Despite substantial evidence, the review identifies gaps in our understanding of wire biomechanical properties under various clinical situations, as well as the long-term effects of specific wire sequences. Future research should focus on refining wire selection and sequencing to improve patient outcomes while reducing side effects.
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INTRODUCTION
Orthodontic treatment wires are fundamental components in achieving successful treatment outcomes, as they serve as the primary means of applying controlled forces to teeth to facilitate effective movement. This manuscript highlights the essential role of wires in guiding tooth movement with precision, thereby enhancing treatment efficiency and improving overall clinical outcomes[1]. Furthermore, the study provides valuable insights that contribute to optimising wire selection and usage, ultimately leading to greater patient satisfaction and better quality of care. By addressing both the biomechanical and clinical significance of orthodontic wires, this work offers important implications for advancing orthodontic practice and research[2]. Orthodontic wires are essential in the treatment of malocclusions because they serve as the primary medium for applying force to move teeth into their proper positions. These wires are available in several materials, including stainless steel, nickel-titanium (NiTi), copper-titanium (CuTi), and beta-titanium, all of which have distinct mechanical properties that influence their function and efficiency in orthodontic therapy[3]The wire material and its application sequence are significant determinants in influencing tooth movement efficacy, patient comfort, and overall treatment length [4]. Orthodontic wires typically transition from flexible, low-force wires (such as NiTi) in the early phases of therapy to stiffer, high-force wires (such as stainless steel) as the teeth approach their final positions [5]. Early-stage wires, such as NiTi, are known for their superelastic characteristics, which enable continuous, low-force application, making them suitable for tooth alignment and leveling [6]. As the treatment progresses, the wire's stiffness increases, enabling larger forces for space closure and final detailing [7]. Although numerous clinical and in-vitro studies have investigated the mechanical properties and clinical performance of orthodontic wires, there is considerable heterogeneity in study designs, wire sequences, outcome measures, and follow-up periods. The majority of available literature focuses on individual archwires or isolated phases of treatment, rather than evaluating the entire sequence of wires and their cumulative effect on alignment efficiency, force distribution, and the patient. This systematic review aims to bridge this gap by synthesizing and critically evaluating existing research on orthodontic wire sequences. By evaluating treatment results such as alignment efficiency, force distribution, and overall treatment period, the evaluation will determine the most effective and evidence-based wire advancement procedures. Identify areas where additional high-quality clinical research is required. It provides clinicians with practical information for optimizing wire selection and sequencing, thereby improving treatment efficiency and patient care.

OBJECTIVES

· Survey clinical evidence on archwire types (NiTi, Cu‑NiTi, stainless steel, TMA).
· Evaluate standard sequencing protocols across treatment stages: alignment, leveling, working, and finishing.
· Examine outcomes: speed of alignment, pain and discomfort, root resorption, and treatment time.

METHODS
This review was designed as a systematic review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines. The methodology followed the recommendations outlined in the Cochrane Handbook for Systematic Reviews of Interventions [8]. Trials evaluating pain, alignment speed, and root resorption were included. Meta-analyses and systematic reviews up to April 2025 were considered [9]. 



Eligibility Criteria
Inclusion Criteria
Studies were included if they met the following criteria:

· Population: Orthodontic patients of any age undergoing fixed appliance therapy.Intervention/Comparator: Orthodontic archwires and their working sequences (e.g., NiTi, Cu–NiTi, stainless steel, TMA).
· Outcomes: Alignment efficiency, treatment duration, number of visits, pain/discomfort (measured using VAS or equivalent), and adverse effects (root resorption, breakages).
· Study Design: Randomized controlled trials (RCTs), controlled clinical trials, prospective or retrospective cohort studies.

Exclusion criteria 

· Studies without full-text availability 
· Studies with a sample size smaller than a defined threshold (e.g., <20 participants).
· Studies focusing on non-orthodontic wire sequences.
· [bookmark: _Hlk209099187]Studies included case reports, case series, and reviews, 
· Studies included animal studies and in vitro studies, 
· Studies included articles without relevant outcome data. 

Information Sources and Search Strategy
A comprehensive search of the following databases was conducted up to August 12, 2025: PubMed/MEDLINE, Scopus, Web of Science, and Cochrane Library. Grey literature was searched using Google Scholar, OpenGrey, and clinical trial registries (ClinicalTrials.gov, PROSPERO). The reference lists of included studies and related reviews were also screened for additional eligible studies. The search strategy used a combination of Medical Subject Headings (MeSH) and free-text keywords. An example of the PubMed search string is:
(“orthodontic wires” or “archwires” or NiTi or “nickel-titanium” or “copper NiTi” or stainless or TMA) AND (sequence or progression or “working sequence”) AND (pain or discomfort or efficiency or “treatment duration”).
The search strategy was adapted for each database.
Study Selection
All retrieved records were imported into EndNote/Mendeley/Zotero for deduplication. Two independent reviewers screened titles and abstracts against the eligibility criteria. Full-text articles of potentially relevant studies were then assessed independently.
 Data Extraction
Data extraction was conducted independently by two reviewers using a piloted standardized form. Extracted data included: study characteristics (author, year, country, design), sample demographics (sample size, age, gender), type of wire and sequence, treatment duration, alignment efficiency, pain/discomfort scores, and reported adverse effects. Where data were incomplete, study authors were contacted for clarification.
Risk of Bias Assessment
Two reviewers independently assessed study quality. For RCTs, the Cochrane Risk of Bias tool (RoB 2.0) was used [10]. For non-randomized studies, the Newcastle–Ottawa Scale (NOS) was applied [11]. Disagreements were resolved through discussion.
Data Synthesis
Where studies were sufficiently homogeneous in terms of population, intervention, and outcomes, a meta-analysis was planned using Review Manager (RevMan 5.4). Continuous outcomes were summarized using mean difference (MD) or standardized mean difference (SMD) with 95% confidence intervals (CI), while dichotomous outcomes were expressed as risk ratios (RR) with 95% CI. Statistical heterogeneity was assessed using the I² statistic, with thresholds of 25%, 50%, and 75% indicating low, moderate, and high heterogeneity, respectively. If meta-analysis was not possible, a narrative synthesis was conducted.
Reporting Bias and Certainty of Evidence
Publication bias was evaluated using funnel plots (for ≥10 studies) and Egger’s test where applicable. The certainty of evidence for major outcomes was assessed using the GRADE approach [10], and a Summary of Findings (SoF) table was generated.
PRISMA 2020 Flow Diagram
The study selection process was summarized in a PRISMA 2020 flowchart [12], showing the number of records identified, screened, excluded, and included in the final review.
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               Figure 1: PRISMA 2020 flow diagram for updated systematic reviews 

RESULT

 Initial alignment archwires
Meta-analysis of 16 RCTs (n = 1108) showed marginally greater irregularity correction with austenitic-active NiTi vs. martensitic-stabilized NiTi; Cu‑NiTi sequences took slightly longer to reach working archwire and were associated with higher pain intensity at 4 h and 1day post-placement [13] (Table 1). In a clinical trial comparing three types of NiTi (superelastic, thermoelastic, and conventional), no significant differences in pain were found; the superelastic NiTi group had the lowest analgesic usage [14]. A pilot study confirmed that 0.014″ Cu‑NiTi produced lower initial pain than NiTi in self-ligating systems at T0, although subsequent time points showed no difference [15].

 Archwire sequence comparison
A multicenter RCT compared sequences: (A) 0.016″ NiTi → 0.018 × 0.025″ NiTi → 0.019 × 0.025″ SS; (B) 0.016″ NiTi → 0.016″ SS → 0.020″ SS → 0.019 × 0.025″ SS; and (C) Cu‑NiTi → Cu‑NiTi → SS. No significant differences in discomfort or root resorption; sequence B required more visits to reach the working archwire than sequence A [16]. Another RCT comparing two sequences (fewer intermediate steps vs. longer NiTi-only staging) found no difference in lower-arch alignment speed or root resorption; however, upper-arch alignment was significantly faster with the shorter NiTi-to-working-wire protocol (Table 2).

Table 1: Common Orthodontic Archwire Sequences and Clinical Applications

	Stage
	Archwire Type
	Dimensions
	Material
	Purpose

	Initial Alignment
	Round Superelastic/Thermoelastic NiTi
	"0.012"–0.016"
	NiTi / Cu-NiTi
	Light forces for alignment, leveling[17]

	Intermediate Leveling
	Rectangular NiTi or Beta-Titanium
	0.016 × 0.022"
	NiTi/TMA
	Early torque control, space coordination

	Working Phase
	Rectangular Stainless Steel
	0.019 × 0.025"
	Stainless Steel
	Space closure, full expression of bracket slots

	Finishing Phase
	Multistranded or Customized SS Wires
	0.016 × 0.022" or braided
	Stainless Steel
	Final detailing, settling occlusion



[bookmark: _GoBack]Table 2: Summary of Clinical Trials Comparing Archwire Sequences

	Study
	Sequences Compared
	Findings
	Reference

	Pain & Alignment RCT (n=90)
	NiTi vs Cu-NiTi vs Thermoelastic
	Cu-Ni-Ti is associated with lower pain at 24 h; no alignment speed difference.
	(Azizi et al., 2021) [18]

	Sequence Efficiency Trial (n=120)
	Short: NiTi → SS vs Long: NiTi → multiple steps → SS
	Shorter sequence faster in the upper arch; no root resorption difference
	(Raquel Marza et al., 2023)[19]

	Multicenter Trial (n=141)
	A: NiTi → NiTi → SS, B: NiTi → SS → SS → SS, C: Cu-NiTi → Cu-NiTi → SS
	All were similar in pain and root resorption; Sequence B required more visits
	(Mandall et al., 2006)[20]

	Self-ligating brackets pilot (n=30)
	Cu-NiTi vs NiTi
	Cu-Ni-Ti reduced T0 pain; no difference at 1 day or 7 days
	(Elhanouty et al., 2024) [21]



[image: ] Material properties and biomechanics NiTi wires (superelastic, thermoelastic, and Cu-NiTi) deliver a light, constant force ideal for initial alignment; the addition of Cu provides a controlled transformation temperature and more defined force delivery patterns. Stainless steel wires have high stiffness and are used in both working and finishing stages. Beta-titanium wires (e.g., TMA) provide intermediate rigidity and bending adaptability, which is beneficial during leveling and torque control (Fig. 1).
                          
                     Figure 2: Typical Orthodontic Wire Progression Flowchart

DISCUSSION
The order in which the wire types are used can affect how effective orthodontic treatment is. Quicker upper arch alignment can be achieved using shorter sequences, such as going straight from NiTi (Nickel-Titanium) to SS wires, particularly when there is a lot of crowding or malocclusion. This method reduces treatment time without sacrificing the risk of root resorption. However, because more intermediate wire replacements may be required, the drawbacks could include additional discomfort for the patient and more orthodontic appointments. Although it may give more accurate control over tooth movement, using more wire types or intermediary phases in the treatment procedure may make patients more uncomfortable. The influence of various orthodontic wire materials on treatment-related pain and discomfort varies. In the early phases of treatment, Cu-NiTi wires typically produce less discomfort because of their more gradual force release compared to traditional NiTi wires. Patients who are sensitive to wire modifications or have low pain thresholds may find this feature particularly helpful [22]. The majority of research indicates that, when considering the full course of therapy, the overall degree of discomfort experienced with Cu-NiTi and conventional NiTi wires is comparable, despite variations in pain perception. Interestingly, regardless of the wire material used, wire change pain usually peaks within the first 48 hours and then goes away [23]. The patient's choice of wire may be influenced by this brief period of discomfort.A patient's age, the degree of crowding, the type of brackets utilized (e.g., conventional or self-ligating), and their tolerance for discomfort should all be taken into account when choosing a wire sequence[24]. While older patients or those with less complicated situations may be able to handle a more progressive approach with more wire sequences, younger patients or those with severe crowding may benefit from a speedier treatment sequence that uses fewer wire kinds. Furthermore, the type of bracket system (conventional vs. self-ligating) may affect the effectiveness of a treatment; self-ligating brackets typically reduce friction and accelerate tooth movement, allowing for the use of more effective sequences. Knowing a patient's pain threshold is also essential when choosing a sequence, as some patients may prefer a slower, less painful progression, while others value rapid alignment, even though it causes a little more discomfort. Several studies provide information about wire sequences, but they have significant drawbacks. First, results are hard to generalize because of the wide variation in bracket types, wire sizes, and treatment methods utilized in different investigations. For instance, variations in bracket configurations and wire gauges can affect the distribution of force and, consequently, the outcome of therapy. Moreover, the power and dependability of the findings are constrained by the frequently small sample sizes in many investigations [25]. Insufficient long-term evidence is also available to assess the actual efficacy and possible disadvantages of different wire sequences over time, especially regarding post-treatment stability and relapse risk. The variation in bracket systems across research is one of the main drawbacks. The frictional resistance, tooth movement efficiency, and total treatment time of various bracket designs—such as self-ligating and conventional brackets vary. Self-ligating brackets, for instance, can change the efficacy of wire sequences by lowering friction and delivering force more smoothly [26]. Unreliable results that do not fully capture the possibilities of a particular wire sequence can emerge from studies that do not standardize bracket types. Therefore, it is difficult to ascertain the independent impact of wire sequences on treatment outcomes without taking bracket type into consideration. The force applied to teeth is affected by the different alloy compositions and sizes of orthodontic wires. The velocity and kind of tooth movement can be greatly influenced by the wires used in studies, which frequently have varying gauges or material qualities (e.g., NiTi, Cu-NiTi, SS, TMA). For instance, NiTi wires are usually less uncomfortable than SS wires and have superelastic qualities; nonetheless, the amount of force applied and the long-term impact on tooth movement can differ depending on the wire composition [27]. Treatment results are also impacted by variations in wire dimensions (such as the gauge or cross-section). When wire dimensions are not standardized, these variations might distort comparisons between studies, raising doubts about the actual effectiveness of a given wire sequence. Small sample sizes plague many orthodontic studies, limiting the results' statistical power and generalizability. False positives or false negatives could be reported because small sample sizes raise the possibility of type I and type II errors. Because there are not many big, multicenter trials or studies with a variety of patient demographics, results from a small cohort might not be generalizable to larger groups. Furthermore, inadequate sample sizes can lead to results that do not stand up to more rigorous testing or overstated effect sizes. The absence of long-term outcome data on wire sequences is a significant gap in the available literature. The majority of studies focus on immediate results, such as the teeth's initial alignment or the level of discomfort felt during the first few weeks of therapy. However, orthodontic treatment can take months or even years, and the true efficiency of a wire sequence can only be determined after considering post-treatment stability, retention rates, and relapse risk [28]. Furthermore, many studies fail to incorporate long-term findings, which are vital to analyzing the overall success of a treatment method, such as root resorption, periodontal health, or skeletal modifications. Patient variables, including age, gender, genetics, and pain threshold, can all impact orthodontic treatment outcomes and the perceived efficacy of different wire sequences. For example, elderly individuals may experience slower rates of tooth alignment due to reduced bone density or metabolic factors, whereas younger individuals may exhibit faster tooth movement. In a similar vein, patients' preferences for specific wire sequences may be impacted by their personal pain thresholds and discomfort tolerance[29]. It is difficult to define the "ideal" wire sequence for a given patient profile because studies do not always account for intrinsic variation. Other complicating variables that are frequently disregarded in research are the expertise and experience of the orthodontist providing the therapy. Because differences in wire placement, activation, and adjustment can all affect the progression of the wire sequence, a clinician's skill can have a significant impact on treatment results [30]. Results from studies that do not consider clinician expertise might be more indicative of a person's technique than the wire sequence.

FUTURE DIRECTION.
Future research in orthodontic wires and their working sequences should focus on long-term outcomes, patient-reported outcomes (PROs), biomechanics, and innovative materials. Long-term studies are needed to assess the effects of wire sequences on occlusal stability, root resorption, and relapse. Patient-centered research, particularly in pain, discomfort, and treatment satisfaction, will provide a more comprehensive understanding of treatment effectiveness. Additionally, studies on the biomechanics of wire interactions could help optimize tooth movement and reduce unwanted effects such as root resorption. Exploring customized wire sequences based on patient characteristics and investigating new materials like smart alloys could further enhance treatment efficiency and comfort. Larger multicenter randomized controlled trials (RCTs) are necessary to validate findings across diverse patient populations and determine the best wire sequences for different malocclusions. Research into the adverse effects of various wire materials and sequences is also needed to ensure safe, effective treatment protocols. In summary, future studies should focus on improving personalized treatments, enhancing patient experience, and understanding the long-term effects of wire sequences, ultimately leading to faster, more effective, and comfortable orthodontic care.
CONCLUSION
This systematic study investigated several orthodontic wires and their sequences to determine their effects on treatment efficiency, patient comfort, and overall outcomes. NiTi wires were found to be more comfortable and flexible during the first alignment process, whereas stainless steel wires, while stiffer, provided better control throughout the finishing stages but caused more discomfort. Copper NiTi wires emerged as a viable solution for balancing comfort and efficiency during treatment. Longer wire sequences (e.g., NiTi → Cu-NiTi → SS) improved tooth alignment and occlusal stability, but increased treatment duration. Shorter sequences, such as NiTi → SS, resulted in faster treatment but may have affected the final detailing step. NiTi wires induced less pain, especially in the early stages of treatment; however, stainless steel wires, although firmer, were associated with increased discomfort. The wire sequence should be tailored to the patient's specific needs, taking into account parameters like malocclusion severity, pain tolerance, and treatment goals. Longer sequences provide higher precision in complex instances, although shorter sequences are more efficient in milder malocclusions. However, the review was hampered by research variability, especially in outcome measures such as pain levels and treatment duration. Future studies should focus on the long-term effects of wire sequences, such as root resorption and patient-reported outcomes, to improve treatment options. Finally, no particular wire sequence is universally desirable; the choice is determined by the specific needs of each patient. To attain the best results, clinicians should strive for a balance of wire efficiency and patient comfort.


RECOMMENDATIONS
· Typical protocol: Start with 0.014″–0.016″ (superelastic or Cu-NiTi), proceed to rectangular NiTi or beta‑titanium for torque control, then transition to 0.019 × 0.025″ stainless steel for space closure and finishing.
· Cu‑NiTi may be preferable for patients sensitive to discomfort.
· Customized sequence modifications should be based on malocclusion class, appliance system, and patient response.

LIMITATIONS
· Study Selection Bias: Despite comprehensive search strategies, studies included in this review may suffer from selection bias, especially as only articles published in English were considered. This may exclude valuable non-English literature and introduce language bias.
· Variability in Clinical Protocols: Significant differences in orthodontic treatment protocols, such as wire sequence selection, force application, and patient demographics, make direct comparisons challenging. The variability across studies may limit the generalizability of the findings.
· Inconsistent Reporting: Many studies lack consistent reporting of outcomes related to pain perception, root resorption, or treatment duration, which could influence the interpretation of wire sequence efficacy.
· Short Follow-Up Periods: The majority of included studies had relatively short follow-up periods, limiting the assessment of long-term outcomes like root resorption or stability post-treatment.
· Confounding Factors: Patient-specific factors such as age, pre-treatment malocclusion severity, and coexisting dental conditions were often not controlled, leading to potential confounding in evaluating wire sequence effectiveness.
· Material Composition Variation: The heterogeneous nature of wire materials (e.g., different alloys and manufacturing processes) could influence the mechanical properties and thus the clinical outcomes. Variability in wire composition across studies introduces a source of inconsistency.
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