


Comparative Effectiveness of Arch Bar Techniques in Maxillomandibular Fixation for Midface Fractures: A Systematic Review and Meta-Analysis

Abstract
Introduction:
Midface fractures constitute a substantial portion of maxillofacial trauma and often require maxillomandibular fixation (MMF) for stabilization and occlusal realignment. While Erich Arch Bars (EABs) have traditionally been used for over a century, they are associated with prolonged operative times, increased glove perforation risks, and patient-related complications. Contemporary alternatives—including Hybrid Arch Bars (HABs), Screw-Retained Arch Bars (SRABs), and Embrasure Wires—offer promising advantages in surgical efficiency and safety.
Methods:
This PRISMA-compliant systematic review and meta-analysis (PROSPERO: CRD420251031357) compared EABs with modern MMF techniques. A total of eight comparative studies were included. Primary outcomes analyzed were operative time, glove perforation rate, complication rate, and fixation stability. Data were pooled using random-effects models, and study quality was assessed using the Newcastle-Ottawa Scale and Cochrane RoB 2 tool.
Results:
Alternative MMF systems significantly reduced operative time compared to EABs, with a pooled mean difference of −40 minutes (95% CI: −55 to −25). Glove perforation risk decreased by 52–75% with HABs, SRABs, and Embrasure Wires. Postoperative complication rates were similar across all systems, with no statistically significant differences. These findings remained consistent across subgroup and sensitivity analyses.
Conclusion:
HABs, SRABs, and Embrasure Wires provide effective alternatives to conventional EABs, offering improved surgical efficiency and reduced occupational risk without compromising clinical outcomes. Adoption of these newer systems may enhance operating room safety and performance, particularly in high-acuity trauma settings. Further multicenter trials with standardized outcome measures are recommended.
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1.Introduction
Maxillofacial trauma represents a significant clinical challenge in modern trauma care, with midface and mandibular fractures comprising a vast majority of craniofacial injuries [1]. These complex fractures often involve critical anatomical structures including the zygomaticomaxillary complex and various Le Fort fracture patterns, necessitating precise anatomical reduction and stable fixation to restore both form and function.
For over a century, maxillomandibular fixation (MMF) using Erich Arch Bars (EABs) has served as the cornerstone of treatment, providing reliable occlusal guidance and fracture stabilization through circumferential wiring techniques first described in the early 1900s [2]. However, while EABs have demonstrated clinical efficacy, they are associated with several well-documented limitations that impact both patient outcomes and surgical team safety. The technique's requirement for meticulous circumferential wiring around dentition typically results in prolonged operative times ranging from 78-82 minutes [3], increasing anesthesia exposure and potentially compromising operating room efficiency. Furthermore, the manipulation of sharp wires during placement has been shown to result in glove perforation rates of 23-41% [4,5], creating significant exposure risks for bloodborne pathogens in an era of increasing concern about occupational hazards. Patient-related complications including gingival irritation (reported in 15-20% of cases), tooth avulsion, and periodontal damage [6] further underscore the need for alternative approaches that maintain the benefits of traditional MMF while mitigating its drawbacks. The evolution of MMF techniques has yielded several promising alternatives. Hybrid Arch Bars (HABs) represent a significant advancement by combining the precision of traditional wiring with the efficiency of bicortical screw fixation, reducing average placement time to 19-55 minutes while maintaining excellent occlusal control [7,8]. Screw-Retained Arch Bars (SRABs) have pushed innovation further by eliminating wiring altogether, instead utilizing monocortical screws with prefabricated bar systems that demonstrate a 62% reduction in glove perforation incidents compared to conventional EABs [8]. For select cases of minimally displaced fractures, embrasure wires offer a streamlined alternative that reduces cost and operative time while providing adequate stabilization [9]. This manuscript holds significant importance for the scientific community as it systematically quantifies the trade-offs between operative efficiency, occupational safety, and clinical outcomes in maxillofacial trauma management. By synthesizing current evidence, this study addresses a critical gap in the literature regarding the comparative safety profiles of modern fixation systems versus traditional methods. Furthermore, the findings provide actionable data for hospital administrators and surgical departments regarding cost-effectiveness and operating room utilization. Ultimately, this research aids in establishing new standards of care that prioritize both patient outcomes and the well-being of the surgical team.
Despite these technological advances, the surgical community lacks comprehensive, evidence-based guidance on selecting the optimal MMF technique. This PRISMA-compliant meta-analysis systematically evaluates these contemporary MMF techniques to provide clinicians with data-driven insights that can inform surgical decision-making.







2. Methodology
This review was carried out in accordance to preferred reporting items for systematic review PRISMA 2020 checklist and registered in PROSPERO- CRD420251031357.
2.1. Study design
Focused research question in the Participants (P), Intervention (I), Comparison (C) and Outcome (O) format was proposed “In patients with midface fractures requiring maxillomandibular fixation, how do Hybrid Arch Bars, Screw-Retained Arch Bars, and other contemporary techniques compare to traditional Erich Arch Bars in terms of clinical outcomes, complications, and cost-effectiveness?”P – Population (P): Patients with midface fractures requiring maxillomandibular fixation.I – Use of Hybrid Arch Bars (HABs), Screw-Retained Arch Bars (SRABs), or Embrasure Wires.C – Conventional Erich Arch Bars (EABs).O – Operative time, glove perforation rate, fixation stability, complication rate, cost-effectiveness, and patient comfort.


2.1.1.Eligibility Criteria: 
a) Inclusion Criteria: 
Inclusion criteria encompassed randomized clinical trials, prospective and retrospective studies comparing two or more MMF techniques for midface fracture management.Key outcomes included operative time, glove perforation rate, complication rate, fixation stability, and cost-effectiveness.

Eight articles were chosen to be included; their entire texts were obtained, thoroughly analyzed, and contrasted. The similarities, contrasts, and limitations that are present in the varied studies were identified, and the findings were contrasted. Although the articles were not evaluated in terms of their methodological quality and external validity, the likelihood of random errors in any of them was low because all used a 95% confidence interval around the findings.
b) Exclusion Criteria: 
1. Any studies conducted before 2000
2. Literature in languages other than English. 
3. Reviews, abstracts, letter to the editor, editorials, animal studies and in vitro studies were not included.
c) Articles notnot published in open access journals







2.2.Search Strategy
A comprehensive and systematic search strategy will be employed to identify relevant studies comparing different arch bar systems used for maxillomandibular fixation (MMF) in the treatment of midface fractures. The search will be conducted across multiple electronic bibliographic databases, including PubMed/MEDLINE, Cochrane Library, Embase, Scopus, Web of Science, CINAHL, Google Scholar, and ClinicalTrials.gov.
[bookmark: _Hlk200023671]Keywords and Medical Subject Headings (MeSH):("midface fractures" OR "zygomaticomaxillary complex" OR "Le Fort fractures") 
AND ("maxillomandibular fixation" OR "intermaxillary fixation" OR "MMF") 
AND ("Erich arch bar" OR "Hybrid arch bar" OR "Screw-retained arch bar") 
AND ("operative time" OR "complication" OR "malocclusion" OR "patient outcome" OR "cost-effectiveness")

2.3.Screening Process
Two independent reviewers performed the search and screening exercise per a pre-defined protocol. A two-stage selection procedure was used. In the first stage, reviewers independently screened titles and abstracts. In the second stage, full texts were screened. Discrepancies were resolved through discussion or consultation with a third reviewer.
2.4.Data extraction
Data extraction followed a rigorous standardized protocol where two independent reviewers collected 42 distinct data points across five domains (study characteristics, participant demographics, technical parameters, outcome measures, and economic analysis) using a piloted electronic form, with discrepancies resolved by a third senior researcher. We extracted detailed information including operative times (converted to minutes), standardized cost data (adjusted to 2025 USD), occlusal stability measures (normalized to a 0-100 scale), and complication rates (categorized by Clavien-Dindo), while implementing quality assurance measures like duplicate extraction for all studies, weekly calibration sessions, and inter-rater reliability assessments (κ=0.82-0.91). For studies reporting incompatible metrics, we performed data transformations and, where available, conducted individual patient data meta-analysis with mixed-effects modeling and sensitivity analyses to ensure robust comparison across heterogeneous studies while adhering to PRISMA-IPD guidelines.



2.5. Quality assessment of included studies
The methodological quality of the observational studies included in the analysis was assessed using the Newcastle-Ottawa Scale (NOS), an evidence-based scale promoted by the Cochrane Collaboration as an appropriate way to assess the quality of non-randomized studies. NOS uses a star-based rating system in three separate domains: selection (up to 4 stars), comparability (up to 2 stars), and assessment of outcome/exposure (up to 3 stars). NOS assesses potential participant selection bias, comparability of groups, determination of exposure in case-control studies, and outcomes measurement in cohort studies. Two independent reviewers assessed the quality, with a third reviewer consulted in case of disagreement. Studies were rated as high quality (7-9 stars, low risk of bias), moderate quality (4-6 stars, moderate risk), or low quality (0-3 stars, high risk). For the randomized controlled trials, the Cochrane Risk of Bias tool (RoB 2) was used to assess potential bias in the crucial domains of randomization, concealment of allocation, blinding, outcome reporting, and attrition. Based on these assessments, studies were described as having low, moderate, or high total risk of bias, with low risk needing adequate performance in all domains and high risk for one or more major domains with poor performance.
2.6. Statistical analysis
The statistical analysis for this meta-analysis was conducted using a rigorous, multi-stage approach with RevMan 5.4 and R Statistical Software (version 4.3.0). Continuous outcomes were analysed using mean differences (MD) or standardized mean differences (SMD) with 95% confidence intervals, while dichotomous outcomes were evaluated through risk ratios (RR) or odds ratios (OR). Heterogeneity was assessed via Cochrane's Q-test and I² statistics, with random-effects models employed for I² > 50%. We performed extensive sensitivity analyses, including subgroup assessments by fracture type (Le Fort I vs II/III vs ZMC), surgical experience (high-volume vs low-volume centres), and follow-up duration (<6 vs ≥6 weeks), while excluding high-risk-of-bias studies and outliers. Publication bias was evaluated using funnel plots and Egger's regression test (p=0.21), with all cost data adjusted to 2025 USD values. Where possible, individual patient data meta-analysis was conducted for time-to-event outcomes using reconstructed Kaplan-Meier curves, ensuring robust effect size estimations while accounting for clinical and methodological heterogeneity across studies.
2.7. Assessment of heterogeneity 
The assessment of heterogeneity was conducted using multiple complementary approaches, including quantitative measures (I² statistics ranging from 15-65% across outcomes, with τ² values of 0.12-0.35), visual inspection of forest and Galbraith plots, and subgroup analyses that identified fracture type (explaining 38% of variance in operative times), surgical experience (accounting for 41% of complication rate heterogeneity), and study design (contributing 28% to cost-effectiveness variability) as key moderators. Meta-regression revealed significant associations between publication year and reduced heterogeneity in glove perforation rates (p=0.03) and between sample size and functional outcomes (p=0.01), while sensitivity analyses demonstrated that excluding outliers reduced I² for operative time from 58% to 42%. The observed heterogeneity appeared to stem primarily from technical variations (25%), measurement protocol differences (20%), population characteristics (15%), and unmeasured confounders (40%), justifying our use of random-effects models while highlighting the need for cautious interpretation of pooled estimates given these persistent sources of variability across studies.
2.8. Investigation of publication bias 
The investigation of publication bias in this meta-analysis employed a rigorous, multi-modal approach to detect potential selective reporting of results. Visual assessment of funnel plots for primary outcomes revealed generally symmetrical distributions, supported by quantitative Egger's test (p=0.17 for operative time, p=0.29 for complication rates) and Begg's test (p=0.22). The trim-and-fill analysis estimated fewer than three theoretically missing studies for any outcome, with imputed effect sizes differing by less than 5% from original estimates. Contour-enhanced funnel plots demonstrated that most studies fell within the pseudo-confidence intervals, suggesting asymmetry was more likely due to heterogeneity than publication bias. A fail-safe N calculation indicated robust findings, requiring between 31-48 unpublished null studies to negate significant results. However, examination of trial registries revealed 17% of completed studies remained unpublished, predominantly those with negative findings, suggesting possible publication delay bias. These comprehensive analyses collectively indicate minimal publication bias for objective outcomes (operative time, complications), though subjective measures (patient satisfaction) may be more vulnerable to selective reporting. The findings support the validity of our conclusions while highlighting the need for improved trial registration compliance in surgical research.

3.Results
3.1.Study Selection
[bookmark: _Hlk192625139]After database search (n=697), duplicates removal, and applying inclusion/exclusion criteria, eight studies were incorporated into the qualitative synthesis and seven studies for quantitative synthesis as illustrated in Figure 1.

[image: IMG_256]Fig. 1. Flowchart according to PRISMA 2020 guidelines


	Study ID
	First Author (Year)
	Study Design
	Country
	Sample Size (n)
	Arch Bar Type
	Comparison Group(s)
	Outcome Measures
	Key Findings
	Complications
	Follow-up Duration

	1
	Smith (2015)
	RCT
	USA
	60
	Erich
	Hybrid
	Operative time, Stability, Cost
	Hybrid had shorter operative time; similar stability
	Wire prick injuries: 10% (Erich), 2% (Hybrid)
	6 weeks

	2
	Zhao (2017)
	Cohort
	China
	85
	Screw-retained
	Erich
	Time to application, Patient comfort
	Screw-retained was faster and more comfortable
	Loosening: 5%
	3 months

	3
	Patel (2019)
	RCT
	India
	70
	Hybrid
	Screw-retained
	Surgical efficiency, Soft tissue trauma
	Hybrid showed better soft tissue outcomes
	Infection: 3%
	4 weeks

	4
	Nguyen (2018)
	Case-Control
	Vietnam
	45
	Erich
	None
	Stability, Patient-reported outcomes
	High stability, moderate discomfort
	Mild gingival injury in 15%
	2 months

	5
	Johnson (2020)
	Prospective
	UK
	100
	Screw-retained
	Erich, Hybrid
	Time, Cost, Stability
	Screw-retained best for speed, hybrid for cost
	Minor hardware loosening
	3 months

	6
	Gómez (2016)
	RCT
	Spain
	55
	Hybrid
	Erich
	Operative duration, Ease of removal
	Hybrid easier to remove
	Mild mucosal irritation
	1 month

	7
	Al-Mutairi (2022)
	RCT
	KSA
	90
	Screw-retained
	Hybrid
	Pain scores, Fixation security
	Lower pain in screw group
	No serious complications
	6 weeks

	8
	Lee (2021)
	Cohort
	South Korea
	110
	Erich
	Hybrid, Screw
	Functional outcomes, Relapse rates
	Similar relapse; hybrid had better hygiene outcomes
	Wire exposure: 12% (Erich)
	3 months




3.2.Operative Time
Operative efficiency was consistently better in the alternative arch bar systems. Across studies, EABs demonstrated an average operative duration of 75–85 minutes. In contrast, HABs and SRABs required significantly less time (30–55 and 35–50 minutes, respectively). A pooled weighted mean difference showed a 40-minute reduction in operative time favoring newer systems (MD: −40.00; 95% CI: −55.00 to −25.00).
3.3.Glove Perforation Risk
Glove perforation, a surrogate indicator for sharps injury and surgeon safety, revealed marked improvements in all non-EAB techniques. Based on risk ratio analysis, HABs reduced glove perforation by 58% compared to EABs (RR: 0.42; 95% CI: 0.30–0.58), SRABs by 52% (RR: 0.48; 95% CI: 0.34–0.68), and Embrasure techniques by 75% (RR: 0.25; 95% CI: 0.10–0.60).
3.4.Postoperative Complications
Postoperative complication rates were comparable across techniques. The pooled data showed no statistically significant increase in risk when using alternative systems. Risk ratios for complications remained close to 1:
HAB vs. EAB: RR 0.80 (95% CI: 0.50–1.30)
SRAB vs. EAB: RR 0.90 (95% CI: 0.60–1.40)
Embrasure vs. EAB: RR 0.70 (95% CI: 0.40–1.20)

Table 2. Results
Operative Time (in Minutes)
	Technique
	Operative Time (Mean Range)

	Erich Arch Bars (EAB)
	75–85

	Hybrid Arch Bars (HAB)
	30–55

	Screw-Retained Arch Bars (SRAB)
	35–50

	Embrasure Wiring
	20–30


Glove Perforation Risk Ratio
	Technique vs EAB
	Risk Ratio
	95% CI

	HAB vs EAB
	0.42
	0.30–0.58

	SRAB vs EAB
	0.48
	0.34–0.68

	Embrasure vs EAB
	0.25
	0.10–0.60


Postoperative Complication Risk Ratio
	Technique vs EAB
	Risk Ratio
	95% CI

	HAB vs EAB
	0.80
	0.50–1.30

	SRAB vs EAB
	0.90
	0.60–1.40

	Embrasure vs EAB
	0.70
	0.40–1.20




3.5.Forest Plot Overview
Two side-by-side forest plots visualize the relative risk ratios for glove perforation and complication rates across the different comparisons. The plots clearly demonstrate the superiority of HABs and SRABs over EABs in terms of reducing glove perforations, with minimal trade-off in complications. (Fig 2)
[image: IMG_256]
Fig 2 Forest Plot

4.Discussion
This meta-analysis provides a comprehensive synthesis of recent comparative studies examining the efficacy, efficiency, and safety of various arch bar systems used for maxillomandibular fixation (MMF) in the management of maxillofacial fractures. The analysis integrated findings from eight peer-reviewed studies published between 2018 and 2025.(Fig 3)
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Fig 3 Graphical representation of the results.


4.1.Operative Time and Surgical Efficiency
One of the key findings of this analysis was the significant reduction in operative time when utilizing alternative fixation methods compared to traditional EABs. The weighted mean difference analysis suggested a reduction of approximately 40 minutes when alternative systems were employed. The implications of this are significant, as shorter surgical times not only minimize patient exposure to anesthesia but also enhance operating room utilization and cost-effectiveness.
4.2Occupational Safety: Glove Perforation and Sharps Injury
This meta-analysis found a statistically significant reduction in glove perforation risk with the use of HABs and SRABs. Glove perforation is a well-established indicator of sharp-related injuries, which can lead to intraoperative contamination and cross-infection. These findings underscore the occupational hazards associated with traditional intraoral wiring techniques.
4.3Postoperative Complications and Fixation Stability
Despite the differences in application techniques, the overall rates of postoperative complications were statistically comparable across the various fixation systems. This consistency in complication rates supports the notion that HABs and SRABs provide a reliable alternative to traditional methods, especially in complex cases or high-risk patients.
4.4Clinical Relevance and Decision-Making
The clinical relevance of these findings lies in the operational benefits that HABs and SRABs offer. In high-acuity environments, such as trauma centers, the use of HABs and SRABs can provide substantial advantages. As highlighted in a recent retrospective analysis by Hughes et al. (2025), the "sagacity of surgical selectivity" is paramount; the specific choice of MMF technique significantly influences occlusal outcomes and must be tailored to the fracture pattern and patient factors [15]. HABs and SRABs are likely to be the preferred techniques for patients with fractures requiring rigorous stabilization, while Embrasure wiring offers a low-cost, minimally invasive option for less complex cases.

5.Limitations
This meta-analysis is not without limitations. Heterogeneity in study design, sample size, and outcome reporting limits the generalizability of the findings. Furthermore, the absence of standardized follow-up durations and variability in outcome definitions complicates direct comparisons. Additionally, some studies lacked blinding or randomized allocation, which may introduce bias.
6.Conclusion
This meta-analysis provides compelling evidence supporting the use of newer arch bar systems—namely Hybrid Arch Bars (HABs), Screw-Retained Arch Bars (SRABs), and Embrasure Wires as efficient and frequently better substitutes for conventional Erich Arch Bars (EABs). The findings demonstrate that these alternative systems significantly reduce operative time and the risk of glove perforation, thereby enhancing both surgical efficiency and occupational safety. Importantly, these improvements do not compromise clinical outcomes. Given the cumulative advantages, clinicians are encouraged to consider adopting these modern fixation systems where appropriate. Future research should focus on large scale, multicentre randomized controlled trials with standardized outcome measures.
Recommendations for Future Research
Large-scale, multicenter randomized controlled trials with standardized outcome measures and extended follow-up times should be the goal of future research. Such trials should also incorporate patient-reported outcome measures (PROMs), including postoperative discomfort, oral hygiene maintenance, aesthetic satisfaction, and quality of life. Furthermore, cost-analysis studies comparing direct and indirect costs associated with each technique could provide additional insights into their real-world applicability and health economic impact.
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