Title
Anterior segmental osteotomy is faster and more likely to correct bimaxillary protrusion as compared to orthodontic retraction

Authors
NICOLE LI SHUEN KONG, BDS1, BERNADETTEQ QUAH, BDS, MDS2,^, CELESTINE? , SHILI?, CHEE WENG YONG, BDS, MDS2,*, RAYMOND CHUNG WEN WONG, BDS, MDS, PhD2

	1
	Postgraduate, Master of Dental Surgery (Oral and Maxillofacial Surgery)
Faculty of Dentistry, National University of Singapore
Address: National University Centre for Oral Health , Clinic 6B, 9 Lower Kent Ridge Road, Singapore, 119085

	2
	Discipline of Oral and Maxillofacial Surgery
Faculty of Dentistry, National University of Singapore
Address: 9 Lower Kent Ridge Road, Singapore, 119085

	^
	Co- First Author

	*
	Corresponding Author
Address: National University Centre for Oral Health , Clinic 6B, 9 Lower Kent Ridge Road, Singapore, 119085
Email address: Dencwy@Nus.Edu.Sg
Phone Number: +65 94572093





Abstract:
Bimaxillary protrusion (BP) is characterized by protrusive and proclined upper and lower incisors, along with increased lip procumbency. In patients who requires orthognathic surgery for sagittal skeletal discrepancy, clinicians have to decide between extraction of four premolars with orthodontic retraction (OR)  or anterior segmental osteotomies (ASO).  This study aimed to compare treatment outcomes of ASO  versus OR in patients with BP who underwent orthognathic surgery. A retrospective cohort study was conducted from 2014-2021, involving 36 patients with dentofacial deformity (Class II and II) and an interincisal angle <125° (18 in each group). Treatment outcomes, including changes in interincisal angle(IIA), treatment duration, blood loss and complications were compared. The treatment duration of ASO is 12 months longer than OR (3411.82 vs 22.175.82, p<0.001). Although the ASO group started with worser BP than OR (IIA 106.344.49 vs 112.458.37, p=0.006), the post treatment IIA was better in the ASO group than OR (125.271.98 vs 120.327.12, p=0.005). ASO has resulted in greater retraction of incisors by 11 (p<0.001). Treatment complications was reported in 10 (55.6%) and 5(27.8%) patients in OR and ASO respectively (p=0.91). Blood loss was also not significantly different (ASO 710374.45ml, OR 671.67300.89ml, p=0.37). While complications were half less frequent with ASO, they were more severe, including wound dehiscence, tooth devitalization, and periodontal defects, compared to asymptomatic root blunting in the OR.  In conclusion, ASO reduces treatment duration significantly and it is more likely to correct the IIA to ≥125°. However, clinicians and patients must be aware of  the potential surgical complications. 
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Introduction

Bimaxillary protrusion (BP), whereby the anterior maxillary and mandibular dentoalveolus are protrusive, is a dentofacial anomaly often seen in the Asian and African populations1,2,5,6.  BP is often confirmed radiographically using lateral cephalogram when the interincisal angle is less than 125, the upper incisor to maxillary plane (U1-Mx) is greater than 124, and  the lower incisor to mandibular plane (L1-Mp) is more than 1043,7. As the skeletal and teeth forms the foundation of the peri-oral tissues, these patients also often present with soft tissue facial features such as incompetent and protrusive lips, gummy smile, and mentalis strain3,4. The abovementioned facial features of bimaxillary are typically deemed undesirable by patients8,9. 

Treatment options for BP are categorized into orthodontic and surgical approaches. The orthodontic treatment options typically involve extraction of the four first premolars, followed by retraction and/or retroclination of incisors1, 6, 10. The surgical approach usually consists of anterior segmental osteotomes (ASO), which are osteotomies of dentoalveolar segments to correct the inclination of anterior maxillary and mandibular regions. 

In patients without sagittal skeletal relationship discrepancies, the choice is often orthodontic retraction. Jamilian et al  demonstrated that upper and lower lip protrusions were reduced respectively 2.7 ± 2.9 mm (p < 0.001) and 2.8 ± 2.8 mm (p < 0.001) after orthodontic retraction in 20 Caucasian females with Class I bimaxillary dentoalveolar protrusion5.. However, for patients who are planned for orthognathic surgery, the clinician may have to consider whether the correction of BP should be done orthodontically or surgically11. ASO, repositions the anterior dentoalveolar region to the intended position and, eliminates the need for orthodontic retraction. As such, the treatment is potentially much faster. Aa surgical procedure,  ASO comes with risks of surgical complications such as ischemic necrosis, dental root injuries, pulp necrosis and periodontium defect. However, orthodontic retraction also has its own set of risks such as severe root resorption, alveolar dehiscence and fenestration. Posnick et al reported a 15.4% complication rate among 262 patients, who underwent bimaxillary orthognathic surgery with maxillary segmental osteotomies; however, the majority of these procedures were performed to correct transverse maxillary discrepancies, with only a limited number addressing bimaxillary protrusion6-11. MW Ho et al reported a complication rate of 27% amongst 85 segmental Lefort I osteotomies12. 

Given the respective benefits and limitations of each approach, and the fact that several papers have reported favourable results for both orthodontic retraction and ASO, deciding between orthodontic and surgical approaches for managing bimaxillary protrusion becomes more challenging5,12-14. It is important to recognize that most of these existing studies includes patients with a Class I skeletal base. In cases where skeletal base discrepancies are present, the treatment approach may favour surgical retraction over orthodontic methods. 

The aim of this study was to investigate the treatment outcomes and complications of anterior segmental osteotomies in patients with bimaxillary protrusion and skeletal base discrepancies undergoing orthognathic surgery, as compared to orthodontic retraction. Our hypothesis was that ASO yields a shorter treatment duration and is more effective in correcting bimaxillary protrusion as compared to orthodontic retraction, while maintaining a comparable complication rate. 




Material and Methods

This was a retrospective cohort study of patients who had OGS at our centre, from a 8 years period (2014-2021). The following inclusion criteria were applied: (1) pre-orthodontic bimaxillary protrusion determined cephalometric analysis (IIA <125°),  (2) patient who had bimaxillary OGS performed by our centre, (3) patients who had all first premolars extracted/removed either as part of ORT for BP, (4) or patients who had all first premolars extracted/removed either as part of bimaxillary ASO, (5) orthodontic treatment completed with post-treatment lateral cephalograms available, (6) at least 6 months post-surgical follow-up. Patients are excluded if they had  (1) single jaw surgeries or single jaw ASO, (2) not all first premolars extracted, (2) other teeth extracted to create space for retraction, (3) ASO or ORT performed not due to bimaxillary protrusion, (4) surgery-first protocol, (5) additional osteotomies performed for other occlusal reasons i.e. midline splits, (6) history or pre-existing congenital craniofacial disorders, head and neck surgeries, maxillofacial trauma, or (7) medical conditions which impairs wound healing. Ethical approval by the institutional review board was obtained prior to the start of the study (2021/00439). 

Based on management of the BP, the patients were then categorized into either orthodontic retraction (ORT) or anterior segmental osteotomy (ASO). For patients who had ORT, the premolar extractions and retraction of the anterior dentoalveolus were performed pre-surgically and fine-tuned post-surgically. For patients who had ASO, the premolars were extracted intra-operatively as part of the ASO. 


The following information was collected from the patients’ medical records:  Race, gender, age at surgery, medical history, skeletal relationship, surgical treatment plan, duration of orthodontics therapy, complications, blood loss and inter-incisal angle (IIA). The change in IIA from the patients’ pre-treatment (before orthodontics) and post-treatment (After orthodontics) lateral cephalograms were analysed by two investigators (CWY, BQ) using a cephalometric software (AudaxCeph). Inter-rater calibration was done prior to the analysis. 

Statistical analysis
Statistical analysis was done using IBM SPSS (Version 26.0. Armonk, NY: IBM Corp). The Kolmogorov-Smirnov test was first used to determine the normality of the data set. Student’s t-test was used to compare continuous variables between the two groups. Whereas, Chi-square tests were used to compare categorical variables. The result was statistically significant different when the p-value is < 0.05. Inter-rater reliability test using paired t-test showed no statistically significant difference in the IIA measurements between the two raters. 



Results
Table 1: Data Extraction
	
	ORT
	ASO
	SS

	Age
	22.22  4.29
	24.55  5.61
	p=0.09

	Male: Female
	12:6
	13:5
	p=0.72

	SKII:SKIII
	5:13
	3:15
	p=0.42

	Treatment Time
	34  11.84 months
	22.17  5.82 months
	P=0.0004

	Treatment time
(SKIII)
	31.64  11.27 months
	22.88  5.92 months
	p=0.13

	Pre-treatment IIA
	112.45  8.37
	106.34  4.49
	p=0.006

	Post-treatment IIA
	120.32  7.12
	125.27  1.98.
	p=0.005

	Average change in IIA
	7.86  10.37,
	18.93  5.10
	p<0.0001

	Average change in IIA (SKIII)
	4.23  8.75
	19.35  5.23
	p<0.0001

	Blood Loss
	710  374.45ml
	671.67  300.89ml
	p=0.37


Legend: ORT = Orthodontic Retraction; ASO = Anterior Segmental Osteotomy; SSD = Statistical Significance; SKII = Skeletal Class II; SKIII = Skeletal Class III; IIA = Inter-incisal angle

A total of 36 patients were included in this study. Eight  patients had a Skeletal Class II relationship (SKII) while 28 had a Skeletal III relationship (SKIII) (Table 1).  Most patients were male (25/36). Both the ORT and ASO had 18 patients each in group. All patients were of the Chinese ethnicity. The pre-treatment IIA for the ORT and ASO groups were 112.45  8.37 and 106.34  4.49 respectively. Whereas the post-treatment IIA for the ORT and ASO groups were 120.32  7.12 and 125.27  1.98. Although the pre-treatment IIA for the ASO were significantly more acute than the ORT group (p=0.006), the post-treatment IIA for ASO were also significantly more obtuse than the ORT group (p=0.005). The average IIA for ASO was also close to the desired value of >125. Consequentially, the change in IIA was also greater in the ASO group (18.93  5.10) than the ORT group (7.86  10.37, p<0.0001). Sub-group analysis of the change in IIA in SKIII patients were performed (Due to a larger proportion of patients). The change in IIA for SKIII patients who had ORT (4.23  8.75) and ASO (19.35  5.23) were also statistically significant (p<0.0001)

The total blood loss during the orthognathic surgery for the ASO group was greater (710  374.45ml) than the ORT group (671.67  300.89ml). However, the differences were not statistically significant (p=0.37). More complications were detected in the ORT group; out of the 10 patients, 4 had upper incisors root shortening, 3 with lower incisors root shortening and 3 had it at both the upper and lower incisors. For the ASO group, 2 patients had wound dehiscence, 2 patients had premolar root injuries, and 1 patient had persistent periodontal defect. There was, however, the difference in complication rates were not statistically significant. Apart from localized irrigation and wound care for wound dehiscence, no patients required any treatment for the root resorption, premolar root injuries (cementum shaves) and periodontal defect. 

The total treatment time for the ORT group was 34  11.84 months. While the total treatment time for the ASO group was 22.17  5.82 months. The difference was statistically significant (p=0.0004).  Subgroup analysis comparing the treatment time for SKIII ORT and ASO groups also showed that ASO was significantly faster. (ORT 31.64  11.27 months, ASO 22.88  5.92 months, p=0.13).



Discussion

The aim of this study was to investigate treatment outcomes and complications of ASO in orthognathic surgery, compared to ORT in patients with BP and skeletal base discrepancies. The findings of this study substantiate our hypothesis that ASO is more effective in correcting the IIA within a shorter treatment period compared to orthodontic retraction, with a comparatively low incidence of complications. 

The results of this study showed that the ASO group achieved a significantly greater change in IIA (18.93  5.10)  compared to the ORT group (7.86  10.37, p<0.0001). At the same time, the ASO group also achieved a post-treatment IIA of 125.27  1.98, which is more closely aligned with the desired IIA of >125. Despite starting with a more acute IIA of 106.34  4.49, ASO was more effective in achieving the desired IIA 
of >125 compared to OR.  Apart from being better able to correct BP, an IIA of 125-135 was proposed to be the most the stable15

As the IIA increases to the desirable value of >125, the incisors and lips become more retroclined and less protruded respectively12. This leads to an improvement in facial aesthetics. The concern of peri-oral soft tissue protrusion is typically accentuated in East-Asian patients who requires maxillomandibular advancement to treat their obstructive sleep apnea16. Although it would have been ideal to also investigate the soft tissue changes from surgery, there were too many confounding factors as the degree and direction of basal bone movements from the le fort 1, sagittal split and genioplasty osteotomies were different across all the patients. 

Another benefit of ASO would be the shorter treatment duration. The treatment duration for patients in the ASO group was on average 11.83 months shorter than that in the OR group. This is because ASO surgically repositions the incisors into their desired ideal position intra-operatively, compared to orthodontic retraction, which requires months for orthodontic sliding mechanics to manifest as changes in incisors position. Hwang et al also reported a significantly shorter treatment duration in the ASO group, averaging 22.05 months, compared to 28.20 months in the ORT group17. A significant reduction in treatment duration can improve patient satisfaction and reduce healthcare cost18. 

While ASO has several advantages over ORT in terms of better improvement in IIA and a shorter treatment period, this must be balanced with the potential complications from the additional surgeries. Five out of eighteen ASO patients (27.8%) had complications related to the segmental surgery (2 cases of wound dehiscence, 2 with premolar root injuries, and 1 case of persistent periodontal defect). Although in this study, none of the complications required secondary surgeries to manage their complication, it does not mean that more severe injuries such as dental pulp injury, tooth devitalisation or bone necrosis will not happen. Patients who had ASO also had more blood loss (ASO: 710 ± 374.45 ml, ORT: 671.67 ± 300.89 ml). However, the differences was not found to be statistically significant. The slightly elevated blood loss observed in the ASO group is expected given that ASO involves additional segmental osteotomies of the anterior maxilla and/or mandible. A similar complication rate of ASO was reported by Ho et al. The authors reported a similar complication rate of 27% amongst 85 segmental Lefort I osteotomies. However, the complications were more severe in nature i.e. devitalisation of teeth, tooth loss or persistent palatal fistula12.  
The superior results of ASO were because it  does not have the same anatomical limitation as orthodontic tooth movement, which is the alveolar bone width. Movement of teeth out of the bony envelope puts the patient at risk of complications such as gingival recession, tooth displaced out the bone envelope and root shortening19. While root shortening were documented in 10/18 patients, none had serious sequelae such as tooth mobility or decreased periodontal support. This may be due to the lesser degree of incisor retractions in the ORT group. 

Majority of the recruited patients (n = 28, 77.8%) exhibited a skeletal class III relationship, while only a minority (n = 8, 22.2%) had a skeletal class II relationship. This distribution is consistent with the higher prevalence of skeletal Class III malocclusions in Asian populations and aligns with the indications for orthognathic surgery in this demographic20. Given the predominance of skeletal class III patients, subgroup analysis was performed to evaluate whether the main findings remained consistent within this subgroup. Among skeletal class III patients, the improvement in interincisal angle (IIA) remained significantly greater in the ASO group compared to the ORT group. Specifically, the mean change in IIA for skeletal class III patients was 19.35 ± 5.23° in the ASO group versus only 4.23 ± 8.75° in the ORT group (p < 0.0001), hence reaffirming that skeletal and dental correction by ASO is superior to ORT even within this specific skeletal class subgroup. Additionally, while the overall treatment duration was significantly shorter in the ASO group (22.17 ± 5.82 months) compared to ORT (34.00 ± 11.84 months; p = 0.0004), this difference remained statistically significant within the skeletal class III subgroup as well (ASO: 22.88 ± 5.92 months; ORT: 31.64 ± 11.27 months; p = 0.13). 
This study is not without limitations. Firstly, its retrospective design inherently introduces the risk of selection bias and data variability. There could be incomplete documentation of information which could have affected the study outcomes. However, this was mitigated by the use of a standardized documentation system at our institution, which ensured consistent data records across clinical notes, treatment plans, and cephalometric records. Secondly, the study cohort was heterogeneous in skeletal classification, as both skeletal class II and III patients involved. While this may limit the generalizability of certain findings, we addressed this by performing subgroup analyses on skeletal Class III patients, which make up the predominant subgroup in our sample. These analyses confirmed that our key findings, namely changes in IIA and treatment duration, remained statistically and clinically significant within the skeletal class III subgroup. Thirdly, duration of treatment was not included as a consideration in treatment efficiency. While ASO may require 1–2 additional hours intraoperatively, this trade-off may be justified by the shorter overall treatment duration and superior improvements in skeletal and dental outcomes as seen in the ASO group. Lastly, none of the cases in this study utilized patient-specific cutting guides and implants, nor customized positioning guides. As a result, it is possible for complication rates in the ASO group to be further reduced with the incorporation of patient-specific surgical guides and implants21. Prospective, controlled studies comparing outcomes with and without use of VSP and patient-specific surgical guides can serve to recruit evidence on their efficacy. 
Conclusions
In patients with concomitant BP and sagittal skeletal discrepancies, bimaxillary ASO is not only an effective adjunct to facilitate the correction of the dentoalveolar protrusions and also, to reduce treatment time. Although the overall correction of BP is less in the ORT, it is still a useful treatment modality for patients with less severe IIA or who patients who are not suitable for ASOs.
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