

		
Versatility of 3D Miniplate over Conventional Non-Compression Miniplate Fixation in Mandibular Fracture




ABSTRACT
Background: The surgical management of mandibular fractures has historically been divided between rigid and semi-rigid fixation techniques. To overcome the limitations of these approaches, three-dimensional (3D) miniplates were developed. Objectives: The primary objective was to compare the stabilization efficacy of the 3D miniplate system versus the conventional Champy’s miniplate for mandibular fracture fixation. Methods: This prospective comparative study was conducted at Dhaka Dental College & Hospital from April 2014 to March 2015. Thirty patients with mandibular fractures were randomly allocated to receive ORIF with either 3D miniplates (Group A, n=15) or conventional Champy's miniplates (Group B, n=15). Operating time was recorded, and patients were followed for 24 weeks to assess stability, occlusion, and complications. Data were analyzed using SPSS version 20 with appropriate statistical tests. Ethical approval was obtained, and all participants provided informed consent. Results: The mean operative time was significantly shorter for the 3D miniplate group (44.3 min) versus the conventional group (56.4 min) (p=0.030). Postoperative occlusal disturbance was minimal and comparable at 1 week (3D: 13.3%, Conventional: 6.7%, p=0.666), resolving completely in both groups by 4 weeks. Complication rates were similarly low and statistically insignificant (4-week: 3D 6.7% vs Conventional 13.3%, p=0.608). Both systems achieved 100% fracture union with equivalent stability. Conclusion: The 3D miniplate system demonstrated a significant reduction in operative time compared to conventional miniplates, while providing equivalent fracture stability and postoperative outcomes. It is a versatile and efficient alternative for the internal fixation of mandibular fractures.
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INTRODUCTION
The mandible, a prominent and exposed facial bone, is one of the most frequently fractured structures in the maxillofacial region, accounting for a significant proportion of all facial fractures [1]. The etiology is predominantly trauma, including road traffic accidents, interpersonal violence, falls, and sports-related injuries, with its anatomical predispositions such as the condylar neck, angle, and para-symphysis being particularly vulnerable [2,3]. The primary goals in managing these fractures are the precise restoration of pre-injury occlusion, stable fixation to facilitate uninterrupted bone healing, and the rapid return of normal masticatory function, all while minimizing complications [4]. The evolution of mandibular fracture treatment has been a journey towards achieving these goals with increasingly refined techniques. The era of maxillomandibular fixation (MMF) alone gave way to the principles of rigid internal fixation (RIF), championed by the AO/ASIF group, which emphasized absolute stability and primary bone healing through compression plating [5]. In contrast, Champy et al. introduced the concept of semi-rigid fixation, or load-sharing osteosynthesis, utilizing single, non-compression miniplates along the ideal lines of osteosynthesis to neutralize distracting forces [6]. While Champy's method revolutionized treatment by often avoiding the need for MMF and reducing dissection, it is not without limitations, including the risk of instability in unfavorable fracture types and the potential for plate deformation [7]. This historical dichotomy between rigid and semi-rigid fixation led to the exploration of alternative systems that could amalgamate their advantages. The three-dimensional (3D) miniplate represents one such innovation in craniomaxillofacial osteosynthesis. As the name implies, these plates are designed in a geometric, box-like configuration, which provides stability in three planes as opposed to the two-dimensional stability of conventional plates [8]. This design theoretically offers superior resistance to torsional and bending forces, creating a more stable scaffold for fracture healing [9]. The proposed benefits of 3D miniplates are multifold. Their single-unit, pre-configured design can significantly reduce the operating time by minimizing the need for extensive contouring and the use of multiple plates, particularly in the anterior mandible (symphysis and para-symphysis) [10]. Furthermore, by utilizing fewer plates and screws to achieve comparable or superior stability, the system can be more cost-effective [11]. Several comparative studies have demonstrated that 3D miniplates provide outcomes equivalent to two conventional miniplates in the management of anterior mandibular fractures [12,13]. However, the application of 3D plates is not universally advantageous. Their fixed geometry can pose a significant challenge in regions with complex anatomy, such as fractures involving or adjacent to the mental foramen, where adaptation and placement may be difficult, potentially risking nerve injury [10]. Therefore, while promising, the purported benefits of 3D miniplate systems necessitate rigorous clinical comparison against the established gold standard of Champy's technique. This study was thus designed with the primary objective of evaluating the efficacy of the 3D miniplate system over the conventional non-compression Champy’s miniplate for the stabilization of mandibular fractures, with a specific focus on operative parameters, postoperative stability, occlusion, and complication rates.

OBJECTIVES

General Objective:
· To evaluate the efficacy of the 3D miniplate system over conventional non-compression Champy's miniplate as a treatment modality for the stabilization of fractured mandibular bony segments.
Specific objectives:
· To assess the stability of the fracture after fixation between the two techniques.
· To determine the operating time difference between two systems.
· To compare postoperative occlusion status between the two systems.
· To measure postoperative complications, i.e., mobility, infection, wound dehiscence, hardware complications, and nerve function, etc., were assessed between the two techniques.

MATERIALS AND METHODS
This prospective comparative study was conducted in the Department of Oral and Maxillofacial Surgery at Dhaka Dental College & Hospital from April 1, 2014, to March 30, 2015. Thirty patients with clinically and radiologically diagnosed mandibular fractures were randomly allocated into two equal groups. Group A (n=15) underwent open reduction and internal fixation (ORIF) with 3D miniplates, while Group B (n=15) received conventional Champy's miniplates. The cohort had a mean age of 34 years (range: 15-60) and a male-to-female ratio of 26:4. Peri- and post-operative outcomes were evaluated for both groups.

Study design:  This cross-sectional study compared outcomes for patients with isolated mandibular fractures from April 2014 to March 2015. Functional and aesthetic parameters were tabulated for qualitative analysis over a minimum 6-month follow-up period, assessing stability and postoperative results.

Inclusion criteria:
· Patients aged 15 to 60 years.
· Non-comminuted, non-infected mandibular fractures (symphysis, para-symphysis, body, angle).
· Good general health without significant systemic illness.
· Provided informed consent and agreed to follow-up.

Exclusion criteria:
· Fractures of the mandibular condyle, sub-condyle, ramus, or those associated with neurovascular injury.
· Patients with concurrent midfacial fractures, polytrauma, or systemic bone diseases.
· Presence of any significant systemic illness or intra-osseous pathological conditions.
· Unwillingness to participate in the study or commit to the required follow-up schedule.

Operation procedure:
This clinical study involved 30 patients with mandibular fractures, randomly divided into two groups. Group A underwent ORIF with 3D miniplates, while Group B received conventional Champy's miniplates. All procedures utilized intra-oral or extra-oral approaches with temporary intra-operative MMF. The 3D plates were positioned to avoid dental roots and the inferior alveolar nerve. Operating time was recorded from incision to closure. Patients were followed up at scheduled intervals for 24 weeks to assess stability, occlusion, and complications both clinically and radiographically.


Data analysis: Data were screened, cleaned, and analyzed using SPSS version 20. Demographic data were presented as frequencies. Outcomes like occlusion, stability, operating time, and complications were compared between groups using the Chi-square test for categorical variables and ANOVA with a Post Hoc LSD test for continuous variables to determine statistical significance.

RESULTS 
The study cohort of 30 patients had a mean age of 33.5 years, with a distribution of 50.0% (n=15) aged 15-30 years, 33.3% (n=10) aged 31-45 years, and 16.7% (n=5) aged 46-60 years. The sample was 87% (n=26) male and 13% (n=4) female. The primary etiology of fracture was road traffic accidents (66.7%, n=20), followed by physical assault (30.0%, n=9) and falls (3.3%, n=1). The most common fracture site was the para-symphysis (46.6%, n=14), followed by the angle (20.0%, n=6), body (16.6%, n=5), and symphysis (16.6%, n=5). A statistically significant difference was observed in operative time. The 3D miniplate group (Group A) had a mean operative time of 44.3 minutes, which was significantly shorter (p=0.030) than the 56.4 minutes required for the conventional miniplate group (Group B). Postoperative outcomes for occlusion and complications were comparable. At the 1-week follow-up, occlusal disturbance was observed in 13.3% (n=2) of Group A and 6.7% (n=1) of Group B, a difference that was not statistically significant (p=0.666). By the 4-week follow-up and thereafter, all patients in both groups exhibited no occlusal disturbance (p=1.000). Complication rates were also statistically insignificant at all intervals, with a minimal presence noted only at the 4-week mark in 6.7% (n=1) of Group A and 13.3% (n=2) of Group B (p=0.608). No complications were reported in either group after the 12-week follow-up.

Table 1: Age distribution of patients
	Distribution of Age
	n
	%

	15–30 years
	15
	50.0%

	31–45 years
	10
	33.3%

	46–60 years
	05
	17.7%

	Total
	30
	100%



Table 2: Sex distribution of patients
	Group
	Male
	Female

	Group-A
	13
	2

	Group-B
	13
	2

	Total=30
	26
	4

	Percent (%)
	87%
	13%



Table 3: Distribution of etiology of fracture
	Etiology
	n
	%

	RTA
	20
	66.7%

	Physical Assault
	09
	30.0%

	Fall from Height
	01
	3.3%


RTA: Road Traffic Accidents

Table 4: Distribution of the site of fracture
	Types
	Group
	n
	%

	
	A
	B
	
	

	Para-symphyseal
	7
	7
	14
	46.6%

	Symphyseal
	3
	2
	5
	16.6%

	Body
	3
	2
	5
	16.6%

	Angle
	3
	3
	6
	20.2%

	Total
	 
	 
	30
	100%




Figure 1: Comparison of the use of 3D and Champy’s Miniplates

Table 5: Cross tabulation of Operative time between Group A (3D miniplate) and Group B (Champy's miniplate)
	Group
	N
	Mean
	SD
	Chi-Square value
	p -value
	Result

	3D Plate
	15
	44.3
	3.83
	5.13
	0.030
	Significant P<0.05

	Champy's mini-Plate
	15
	56.4
	5.42
	
	
	





Figure 2: piechart Shows the operative time case of Group A (3D Miniplate)



Figure 3: Piechart Shows the operative time case of Group B (Champy’s Miniplate)

Table 6: Comparison of postoperative occlusal disturbance over time
	Follow-up
	Group
	No Disturbance
	Disturbance
	χ²
	p-value

	1st Week
	A (3D)
	13
	2
	0.186
	0.666

	
	B (Champy)
	14
	1
	
	

	4th Week
	A (3D)
	15
	0
	0.000
	1.000

	
	B (Champy)
	15
	0
	
	

	12th Week
	A (3D)
	15
	0
	0.000
	1.000

	
	B (Champy)
	15
	0
	
	

	6th Month
	A (3D)
	15
	0
	0.000
	1.000

	
	B (Champy)
	15
	0
	
	


All p-values > 0.05, indicating no statistically significant difference between groups at any follow-up interval

Table 7: Postoperative complications comparison between Group A (3D Miniplate) and Group B (Champy's Miniplate)
	Follow-up period
	Group
	Complication 
	χ²
	p-value

	
	
	Present
	Absent
	
	

	1st Week
	Group A
	0
	15
	0.833
	0.361

	
	Group B
	0
	15
	
	

	4th Week
	Group A
	1
	14
	1.034
	0.608

	
	Group B
	2
	13
	
	

	12th Week
	Group A
	0
	15
	0.000
	1.000

	
	Group B
	0
	15
	
	

	6th Month
	Group A
	0
	15
	0.000
	1.000

	
	Group B
	0
	15
	
	


All p-values > 0.05, indicating no statistically significant difference in complication rates between the two groups at any follow-up interval
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Figure 4: 3D miniplate Fixation in a mandible fracture
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Figure 5: 3D miniplate and conventional miniplate



[bookmark: _GoBack]DISCUSSION
The management of mandibular fractures continually evolves to optimize outcomes and minimize morbidity. This study compared the novel 3D miniplate system to the established conventional Champy's miniplate, revealing several important findings that contribute to the clinical understanding of osteosynthesis. The demographic profile of our study, which found a high incidence of mandibular fractures in young males (87%) due primarily to road traffic accidents (66.7%), is consistent with the epidemiological patterns reported in the regional and global literature [14,15]. The para-symphysis was the most frequently fractured site (46.6%), aligning with the biomechanical vulnerability of the anterior mandible and findings from other clinical series [16,17]. A pivotal finding of our research was the statistically significant reduction in mean operative time for the 3D miniplate group (44.3 minutes) compared to the Champy's group (56.4 minutes). This efficiency can be directly attributed to the design of the 3D plate. Its single, geometric construct eliminates the need for contouring and placing two separate plates in the anterior region, a process that is time-consuming with the conventional technique [18,19]. Studies by Agarwal et al. and Jain et al. similarly reported shorter operation times with 3D miniplates, underscoring their practical advantage in reducing anesthesia exposure and improving surgical workflow [20,21]. Despite the difference in application time, both fixation methods demonstrated excellent and statistically equivalent outcomes in terms of postoperative stability and occlusion. The minor occlusal disturbances observed in the first week (13.3% in Group A vs. 6.7% in Group B) resolved in all patients by the fourth week. This finding is crucial, as it confirms that the biomechanical stability provided by the 3D miniplate is non-inferior to the well-proven Champy's technique [22,23]. The three-dimensional box structure of the plate effectively resists torsional and bending forces across the fracture line, providing sufficient rigidity for uneventful bone healing [24,25]. Furthermore, the low and comparable complication rates between the two groups throughout the 6-month follow-up period reinforce the safety profile of the 3D miniplate system. The few transient complications observed were minor and resolved without intervention, a result that echoes the findings of Singh et al. and Chakra Narayan et al., who reported no significant increase in infection, dehiscence, or neurosensory deficits with 3D plating [25,26]. The absence of long-term complications in both our cohorts highlights that when applied according to biomechanical principles, both systems are effective for achieving fracture union.


CONCLUSIONS
Based on the findings of this comparative study, the 3D miniplate system demonstrates significant advantages over the conventional Champy's miniplate, primarily by substantially reducing the operative time while providing equivalent biomechanical stability. Both techniques yielded excellent occlusal outcomes and comparable, low complication rates. Therefore, the 3D miniplate emerges as a versatile, efficient, and reliable alternative for the internal fixation of mandibular fractures, particularly in the anterior region, offering a valuable addition to the maxillofacial surgeon's armamentarium.

Recommendation:
Future studies with larger, multi-center cohorts and extended follow-up periods are recommended to validate these findings. Research should also focus on cost-benefit analyses and the application of 3D miniplates in complex or comminuted fracture patterns.

Limitations of the study:
Study limitations include a relatively small sample size and a single-center design, which may limit the generalizability of the findings. Furthermore, the follow-up period, while adequate for primary healing, may not capture very long-term outcomes or rare late complications associated with the fixation systems.



Ethical Approval and Consent: 
The protocol was approved by the "Research Review Committee" of the Department of Oral and Maxillofacial Surgery of Dhaka Dental College and Hospital. Finally, ethical clearance was taken from the "Ethical Committee" of Dhaka Dental College. Patients, included in the study, were informed about the procedure and outcome of the research in detail, and written consent was obtained. Informed written consent was taken from every patient explaining the nature and objectives of the study.
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Distribution of Surgery Durations (Champy’s Miniplates)

Percentage (%)	[PERCENTAGE]
[PERCENTAGE]
[PERCENTAGE]

30–45 min	46–60 min	>	 1 hour	7.0000000000000007E-2	0.6	0.33	

Number of Patients	
3D Miniplate	Champy's Miniplate	15	15	

Distribution of Surgery Durations (3D Miniplates)

Percentage (%)	
30–45 min	46–60 min	>	 1 hour	0.47	0.47	0.06	
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