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Background: Asian women prefer a smooth and narrowed mandibular appearance. The purpose of the retrospective cohort study is to evaluate guide plate-assisted mandibular angle ostectomy (MAO) in improving mandibular symmetry for Asian female patients with mandibular angle hypertrophy (MAH) with normal occlusal relationship.



Methods: We retrospectively examined 11 patients with asymmetry MAH with normal occlusal relationship who received MAO at Shanghai Ninth People's Hospital between September, 2020, and January, 2022. Preoperative plans were designed based on CT data and executed using metal guide plate during the operation. Preoperative and one-week postoperative CT scans were used to assess measurements including Height_Go, Divergence_Go, ∠ZyZy-GoGo, and osteotomy volume, to evaluate symmetry. For precision, compare the postoperative CT with the preoperative design, assessing osteotomy distance, angle, and volume error. Patient satisfacation was evaluated with Likert Scale in 6-month follow-up. Secondary lipofilling procedures were given as appropriate. Statistical analysis was performed using paired t-tests in SPSS.



Results: The mean age of the 11 patients was 28.5 years (range 23–34 years). 2 of these underwent lipofilling procedures. No complications were observed during the following-up. Postoperative results were not statistically different from the design, demonstrating a precision of within 2 mm. Height_Go disparity within 5 mm get corrected notably, reducing asymmetry from 15.09% preoperatively to 2.74% postoperatively. Patients satisfaction was rated at 4.5 out of 5 in 6 month follow-up.



Conclusions: Guide plate-assisted mandibular angle osteotomies achieve effective and precise surgery. This approach demonstrates a safe option for correction for mandibular asymmetry, achieving patient satisfaction.
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1 Introduction

Given the cultural emphasis on slender facial contours, particularly in Asian aesthetics, achieving a smoother and narrower low face appearance is typically preferred (1). Mandibular angle osteotomy (MAO) is one of the most common surgery to reduce the lower face width, especially in patients with asymmetry mandibular angle hypertrophy (MAH) (2). However, the intraoral approach for MAO suffers from a restricted surgical field, challenging the surgeon's ability to ensure symmetrical adjustments (3). In addition, Mandibular asymmetry often involves variable positioning of the inferior alveolar nerve, significantly raising the risk of nerve damage and excessive bleeding (4).

While traditional surgery outcomes rely on the subjective experience of the surgeon, presently computer-aided design (CAD) became essential tools for achieving precise symmetrical results (5). Binbin Ying utilized CAD to design a multi-stage osteotomy plan and performed the surgery based on intraoperative anatomical landmarks (6). Furthermore, intraoperative guide positioning enhances the precision of surgery. Lee et al. used a self-curing resin guide osteotomy (7), but its stability was compromised under high-speed drilling and localized high temperatures. For a safer intraoperative positioning option, our team has achieved good results using metal guide plate in patients with simple MAH (8), but has not yet evaluated the effect of symmetric correction.

The purpose of this study is to evaluate the effectiveness, precision, and symmetry outcomes of the guided plate-assisted MAO procedure. This was achieved by comparing preoperative, design, and postoperative measurements using three-dimensional CT scans in an objective and quantitative manner. The focus is specifically on assessing the utility and benefits of the guided plate in improving surgical outcomes.



2 Methods


2.1 Patients

This retrospective study analyzed female patients with mandibular asymmetry defined as a difference in mandible ramus height (MRH) exceeded 3 mm, who underwent guide plate-assisted MAO at the Department of Plastic Surgery, Shanghai Ninth People's Hospital, between September, 2020 and January, 2022. These patients had no history of malocclusion or orthodontic treatments. The inclusion criteria required the CT imaging data preoperatively and one week after osteotomy, as well as standardized clinical photographs preoperatively and six months postoperatively. Informed consents were obtained from all patients before their participation.



2.2 Procedure


2.2.1 CT imaging and preoperative design

The CT imaging protocols followed the requirements outlined in the previous study (9). Data were stored in Digital Imaging and Communications in Medicine (DICOM) format and transferred to Mimics software (version 18.0, Masterialise, Leuven, Belgium). The mandible was segmented using the threshold segmentation tool and the region growth tool. The bilateral mandibular nerve canals were drawn manually. The 3D model of the mandible was reconstructed after checking multi-view labeling. The design was standardized on the side with the lower mandibular nerve canal. The highest starting point of the osteotomy was located at the intersection of the occlusal plane and the posterior margin of the mandibular ramus. The end point of the osteotomy plane was located at the lower margin of the body of the mandible, beneath the mental foramen. The angle between the osteotomy plane and the mandibular outer plate plane was 50 degrees. Considering the measurement and operational errors, the minimum distance between the osteotomy plane and the mandibular nerve canal was clinically set to be >3 mm. If it could not achieve the standard, the starting point of osteotomy was adjusted downward to satisfy the minimum nerve distance. This design was defined as the maximum osteotomy plan and thoroughly communicated to the patient. The ultimate design should not be less than 50% volume of the maximum one, considering surgical outcomes. It was recommended to choose the maximum osteotomy volume whenever possible to allow space for subsequent lipofilling. The guide plate was manufactured as previously described (9).



2.2.2 Guide plate-assisted MAO

General anesthesia and transnasal tracheal intubation was performed to ensure a patent airway, followed by cleansing of the facial and oral areas using an iodine solution to keep the surgical area sterile. Local infiltration of the surgical site was performed using a solution containing 1/200,000 epinephrine to provide hemostasis effect. Subsequently, a mucosal incision was made at least 1 cm above the lateral labial sulcus to expose the mandibular branch and mandibular body. The surgical approach involved the submental and mandibular angle regions. Upon completion of the incision, subperiosteal dissection was performed. The guide plate was exactly positioned in alignment with the mandibular angle. Osteotomy was carried out along the upper edge of the guide plate (Figure 1). At the end of the procedure, intraoral incision was sutured and external dressings with compression were performed to prevent hematoma formation. Special attention was given to incision cleaning, oral rinsing, and maintenance a liquid diet for two weeks. CT was performed one week after surgery, while a follow-up visit was performed 6 months postoperatively to assess subjective satisfaction. Lipofilling surgery was considered as needed to achieve precise correction of the desired aesthetic outcome.


[image: Figure 1]
FIGURE 1
Intraoperative photograph of the guide plate-assisted MAO. The guide plated for the left side was mounted on the patient's mandible angle region, on which the saw blade was relying to perform ostectomy.





2.3 Objective measurements

Preoperative design, and postoperative CT files were evaluated retrospectively. Landmarks included key points such as the mandibular angle point (Go), the anterior chin point (Me), and the condylar (Co) point. Measurements included Co-Go-Me mandibular angle, Co-Go mandibular ramus, Go-Me mandibular body length, HeGo (Height_Go) mandibular angle point to occlusal plane distance (Figure 2), DiGo (Divergence_Go) to median sagittal plane distance, and Go-Go gonial width. ∠ZyZy-GoGo (°) indicated mandibular deflection angle (Figure 3). At the same time, we measured and calculated the left-right difference in osteotomy volume, and the left-right difference in hemi-mandibular volume (Table 1). The symmetry was compared using the asymmetry calculation formula (Asymmetry = ABS[(R − L)/(R + L)]*2*100%).


[image: Figure 2]
FIGURE 2
Measurement diagram—this figure demonstrates the methodology for measuring ∠ZyZy–GoGo (degrees).



[image: Figure 3]
FIGURE 3
Height_Go (mm) illustrates the measurement of the distance from the gonion, the most outward point on the angle of the mandible, to the occlusal plane.



TABLE 1 Landmarks and measurements definitions.
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2.4 Statistics

Data were analyzed using SPSS 22.0 software (SPSS, Chicago, USA). To evaluate the reliability of the measurements, both inter-examiner and intra-examiner reliability were analyzed. Two independent researchers conducted the same measurements independently. The same researchers performed repeated measurements at an interval of two weeks. The inter-examiner and intra-examiner reliability were assessed using the intra-class correlation coefficient (ICC). An ICC ranging from 0.81 to 1.00 indicates almost perfect agreement. The mean values were then calculated for further analysis.

Descriptive statistics, including mean and standard deviation, were used for data conforming to a normal distribution, while median was utilized for non-normally distributed data. Preoperative and postoperative CT measurements were analyzed through paired t-tests to evaluate the efficacy of the procedure. Postoperative and design CT data were examined to assess the procedure's precision. Additionally, symmetry calculations were performed. Statistical significance was set at P values less than 0.05 for all analyses.




3 Results


3.1 Demographic data

The mean age of the 11 patients in this study was 28.5 years (range 23–34 years). Of these, 2 (18.2%) underwent fat grafting; no complications were observed. Mean satisfaction with postoperative results amounted to 4.5 out of 5.



3.2 Measurements

Eleven patients underwent successful guided MAO without any complications (Figure 4). The intra-examiner reliability was assessed individually for both researchers. The mean values from each researcher were then used to analyze inter-examiner reliability. For all the measurements: the intra-examiner reliability for Researcher 1 (ICC range: 0.934–0.994) and Researcher 2 (ICC range: 0.956–0.990) was high, as was the inter-examiner reliability (ICC range: 0.945–0.995). All measurements demonstrated strong reliability.


[image: Figure 4]
FIGURE 4
Typical clinical standard photos—displays a patient before and after undergoing guide plate-assisted mandibular angle osteotomy without lipofilling, highlighting high postoperative satisfaction.


In terms of effective, the measure Height_Go (mandibular height) showed a large change in asymmetry decreasing from 15.09% (preoperative) to 2.74% (postoperative). Bilateral Height_Go difference p-value of preoperative and postoperative paired T-test was <0.0001, showing a significant difference; the p-value of surgical planning and actual postoperative paired T-test was 0.8868, showing no significant difference. Meanwhile, ∠ZyZy-GoGo (°) decreased from 6.08° ± 2.19° to 1.40° ± 1.61°, indicating an effective correction of the lower face deviation. The p-value of ∠ZyZy-GoGo in preoperative and postoperative paired T-tests was 0.0004, with a significant difference; the p-value of surgical planning and actual paired T-test was 0.4644, with no significant difference.

It could be seen that the preoperative asymmetry of the patient was corrected after surgical treatment, and the execution of the surgical plan was accurate. The preoperative asymmetry indices for Me–Go, DiGo, Co–Go–Me (°), and hemi-mandibular volume were 1.16% ± 7.67%, 1.44% ± 1.91%, −1.01% ± 4.04%, and 1.36% ± 2.21%, respectively (Table 2). These indices were not sensitive and limiting their precision in reflecting surgical outcomes. No significant difference was found in T-test on other indexes.


TABLE 2 Preoperative, designed, and postoperative measurements for mandibular asymmetry.

[image: Table 2]

In terms of precision, the actual postoperative CT was compared with the preoperative design. The average distance error of osteotomy was 1.66 ± 1.07 mm, the maximum distance error of osteotomy was 2.33 ± 1.19 mm, the angle error of osteotomy plane was 11.52 ± 2.69°, the volume error of osteotomy was 2.68 ± 0.955 cm3, and the mean value of the difference in the spacing of the angle of the mandibular angle was 1.60 ± 1.64 mm. These results indicate that the guide plate facilitated precise mandibular angle osteotomy and positioning, aligning with clinical requirements (Table 3).


TABLE 3 Comparison of actual postoperative CT with preoperative design for guide plate-assisted mandibular angle osteotomy errors.
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4 Discussion

In clinical practice, facial asymmetry is a common complaint, usually due to skeletal imbalance (10). The etiology of mandibular asymmetry is diverse and may be due to congenital factors, trauma, medical factors, or tumor treatment (11). Previous treatment methods include bone implantation, osteotomy, and lipofilling (12). In patients with mandibular hypertrophy combined with unilateral mandibular asymmetry, achieving a smoother and narrower low face appearance is typically preferred. We performed MAO using personalized guide plate, incorporating lipofilling as required. Based on 3d CT evaluation and subjective satisfaction assessment, the results demonstrate that this approach has achieved satisfactory clinical outcomes.

The intraoral incision approach has been widely used (13) since 1951 when Converse first reported mandibuloplasty under an intraoral incision (14). Kim and Park (4) resected mandibular angle by combining an intra- and extra-oral approach. Yoon Joo Lee reported 42 cases of MAO under a retroauricular approach. Considering the facial scarring, the intraoral incision remains the primary choice. There are various osteotomy surgical techniques, including straight line osteotomy, curve osteotomy and multi-stage osteotomy osteotomy (15–17). Straight line osteotomy aligns with current esthetic preference for a clear jaw line. The use of the reciprocating saw in this procedure is notable for its high efficiency in minimizing intraoperative exposure, while also presents relatively high in neurovascular damage (18). The use of CAD/CAM in asymmetric maxillofacial skeletal surgery was applied to address these concerns (8, 19–21).

In terms of CAD, studies development from manual approaches to algorithmic intelligent design. In 2021, Xiao-Yan Mao (6) used digital technology to automate the planning of mandibular angle curve osteotomy surgery in 25 female patients with MAH. Additionally, our research team proposed an efficient MAO program based on convolutional neural networks (CNNs) significantly reducing the need for manual intervention (22). However, the algorithm did not incorporate specific parameter adjustments for asymmetric individuals. Particular attention should be given to the imbalanced inferior alveolar nerve to ensure safe osteotomies. It is worth mentioning that optimizing the endpoint of the osteotomy design (under the mental foramen) not only prevented the appearance of a second mandibular angle but also provided more thorough correction for asymmetry of body of mandible.

In terms of CAM, in 2021, David M. Straughan (23) reported CAM allograft implants to repair mandibular asymmetry in 123 cases (of which 75% were males). In 2014, Matthew R (24), retrospectively studied 21 maxillofacial surgical procedures following lipofillings in 21 patients and showed that lipofilling improved the soft tissue contour covering repositioned bone or allograft implants (25). However, few Western studies have reported on MAO, possibly due to different aesthetic preferences.

Our results suggest that the precision of MAO assisted by metal guide plate was within 2 mm in terms of ostectomy plane error, meeting the requirements in craniomaxillofacial surgery. Asymmetry correction was deemed satisfactory. According to objective measurements, discrepancies such as MRH difference within 4–5 mm, mandibular deviation within 5°, an volume disparities within 0.45 cm3 could be successfully corrected. Additionally, based on the patient's satisfaction, the surgery remains effective during following up.

However, addressing mandibular asymmetry is complex, involving three-dimensional rotations that may be hard to fully corrected through hard tissue changes alone. Factors like Edema, differences in the healing process, and muscle reattachment may affect the final shape of the soft tissue. Therefore, follow-up is clinically scheduled after 6 months of mandibular surgery. Lipofilling procedures are selectively performed, aiming to precisely correct any remaining irregularities or asymmetries, offering patients additional opportunities to refine their mandibular asymmetry. Another less invasive choice to enhance facial contours and correct asymmetries is facial implant. Made from biocompatible materials, these implants can be customized to the patient's needs and provide significant aesthetic improvements with shorter recovery times (26, 27). However, implants come with risks such as displacement, infection, and potential need for future revisions (28). They may also not address underlying bone hypertrophy as effectively as osteotomies. While facial implants are valuable for facial contouring, the precision and effectiveness of guided plate-assisted MAO might make it a superior option for correcting mandibular asymmetry due to hypertrophy. Future studies could explore the combined use of implants and osteotomies to further enhance aesthetic outcomes (29).

In summary, we retrospectively investigated the benefits of high-precision osteotomies in patients with asymmetry MAH. However, the small number of subjects and the lack of randomization and controls limited this study. Limitations also include the lack of a quantitative way to evaluate soft tissue symmetry. Follow-up studies could incorporate three-dimensional evaluation data such as stereolithography to quantitatively assess soft tissue changes.



5 Conclusion

Guide-assisted precision mandible surgery, with optional lipofilling, offers patients the customizable opportunity to precisely improve mandible asymmetry. However, while the effectiveness of guide-assisted precision mandible surgery is acknowledged, this paper alone cannot confirm the efficacy of optional lipofilling. Further studies are required to explore the specific role and long-term outcomes of lipofilling in conjunction with mandible asymmetry correction.
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