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Introduction

Outcomes in orthognathic surgery depend on the quality of the surgical planning and its transfer to the operating room. Many surgeons still used traditional occlusal splints from traditional articulator model surgery. Several studies have shown that the use of those splints is relatively inaccurate, especially in the sagittal plane, therefore computer-aided planning and surgery have been developed to improve the accuracy of orthognathic surgery. [START_REF] Van Den Bempt | Toward a higher accuracy in orthognathic surgery by using intraoperative computer navigation, 3D surgical guides, and/or customized osteosynthesis plates: A systematic review[END_REF] Threedimensional surgical guides with patient-specific templates 2 seemed to be accurate and reduce the operating time but are costly and suffer from a lack of intraoperative adaptability. CAD/CAM surgical splints avoid inaccuracy caused by facebow transfer and plaster cast surgery, but do not resolve issues inherent in the use of acrylic splints e.g. mandibular autorotation dependence. [START_REF] Swennen | Three-dimensional treatment planning of orthognathic surgery in the era of virtual imaging[END_REF][START_REF] Ritto | Comparison of the accuracy of maxillary position between conventional model surgery and virtual surgical planning[END_REF] Another approach is the use of a surgical navigation system. The benefit of surgical navigation had been shown [START_REF] Azarmehr | Surgical navigation: a systematic review of indications, treatments, and outcomes in oral and maxillofacial surgery[END_REF] in maxillofacial traumatology, orthognathic, cancer and reconstructive surgery.

We routinely use the Orthopilot™ Navigation System (B Braun Aesculap) during orthognathic surgery in our unit. We showed previously its clinical [START_REF] Bettega | Computer-assisted mandibular condyle positioning in orthognathic surgery[END_REF][START_REF] Bettega | Computer assisted orthognathic surgery: Condyle repositioning[END_REF][START_REF] Bettega | Computer-assisted orthognathic surgery: clinical evaluation of a mandibular condyle repositioning system[END_REF] and pedagogical [START_REF] Lartizien | Learning condyle repositioning during orthognathic surgery with a surgical navigation system[END_REF] relevance for condylar repositioning. We used the same system to control the position of the maxilla after Le Fort I osteotomies and we quantified the discrepancies of the occlusal splint for this indication. [START_REF] Lartizien | Quantification of the inaccuracy of conventional articulator model surgery in Le Fort 1 osteotomy: evaluation of 30 patients controlled by the Orthopilot® navigation system[END_REF] The aim of our study was to show that the Orthopilot™ improves the accuracy of a traditional occlusal splint for maxillary repositioning during Le Fort I osteotomy.

Material, patients, and methods

This monocentric, observational and descriptive study included 30 patients between July 2017 and December 2018. The study received a consultative opinion from the French South East IV ethics committee.

The inclusion criteria were: patients needing a Le Fort I osteotomy, alone or associated to a bilateral sagittal split osteotomy, whatever the indication; patients older than 16 years of age; and patients consenting to the collection of personal data for this study (patient or holder of parental authority for patients less than 18 of age).

The exclusion criteria were: pregnancy; patients without social security coverage; dependent adults; and patients needing a maxillary disjunction.

Surgical indication was retained after clinical and radiological examination.

Occlusal splints manufacturing

Plaster casts were mounted on a semiadjustable articulator (ARCON, MESTRA) via a facebow transfer (ELITE facebow) and the diagnostic bite splint. Maxillary repositioning splints (intermediate splint in case of bimaxillary procedure or final splint in case of Le Fort I isolate) were manufactured in acrylic resin (Dentsply Sirona) according to the planning data.

For the occlusal splints, the planning data were characterised by the dental movements, from the cephalometric planning.

Navigation planning and system

For the navigation, movements and references were also defined in the porion-nasion plane from the cephalometry planning. The movements were characterised by the translations (mm) and by the rotations ( o ) of the inter-incisal point in this plane. The planning data was manually recorded in the specific Orthopilot TM system software.

The navigation system included an optical localiser (Polaris; NDI), controlled by a standard PC. The camera locates in the space in real time reflective markers with a specific geometry called "rigid bodies". Those rigid bodies are attached (in a reversible and reproducible manner) on a specific ancillary adapted to orthognathic surgery.

Surgical technique

At the beginning of the surgery, the navigation perspective (left and right porion point and inter-incisal point) was defined by a calibrated pointer, with a cranial rigid body (fixed on the left superior orbital ridge) as reference. These three points were used to build the direct orthonormal reference required for tracking. The preoperative position of the maxilla was first recorded with the maxillary repositioning splint equipped with an infrared reflector (rigid body) and fixed on the maxillary dental arch before any bony procedure. Then, the system gave in real time the discrepancies of the maxillary position from the planning with three measures of translation (left/right translation (Tlr), top/bottom translation (Ttb), back/front translation (Tbf)) and three measures of rotation (axial rotation (Ra), sagittal rotation (Rs) and frontal rotation (Rf)).

Le Fort 1 osteotomies were done according to a classic maxilla first technique. The maxilla positioning was conducted in two phases. In the first one, the maxilla was classically placed and manually maintained in the position given by the maxillary repositioning splint stabilised by a maxillomandibular fixation. This position was then recorded by the navigation system. The collected data were saved in a dedicated file named "without Orthopilot™".

During the second phase, the maxilla was manually positioned tracking its position on the screen of the computer of the navigation system. The goal was to minimise the value of discrepancies from the actual position to the planned one. Once the values were as close to 0 as possible, the osteosynthesis was done with four L-shaped plates, still controlling the position on the screen. The final position of the maxilla was saved in the dedicated file named "with Orthopilot™" .

Statistical analysis

The data collected included: age and sex of the patient; type of occlusion according to Angle's classification; dysmorphia type -anterioror or posterior vertical excess (AVE or PVE) asymmetry); planned movement of the maxilla recorded for the navigation (Tlr, Ttb, Tbf, Ra, Rs and Rf); the movements are characterised by the translation (mm) and the rotation ( o ) of the interincisal point in the porion-nasion plane; and the position of the maxilla "without the Orthopilot™" and "with the Orthopilot™".

Discrepancies from the planned position of the maxilla with and without the Orthopilot™ were calculated as derived data.

The accuracy of positioning (with or without the Orthopilot™) was classified in nine distinct classes with three major criteria (conformity, non-conformity, and failure) as The secondary endpoint was the inter-incisal (II) vector (difference between the planned position of the II point and the measured II point). Its norm was calculated as follows:

. Conformity was defined by a value strictly <3 corresponding to the three translations conformity limits ( .

The nominal variables were expressed in counts and percentages. The continuous variables were expressed by their mean (range). The nominal variables were analysed by a chi-squared or Fisher's exact test. Statistical significance was evaluated at p<0.05. The concordance between planned and executed measures was assessed with a Bland and Altman analysis. [START_REF] Bland | Statistical methods for assessing agreement between two methods of clinical measurement[END_REF] The limits of agreement were calculated by the mean (SD) differences d (1.96).

An enhanced Bland and Altman analysis, including a linear regression model and a complementary graphical approach, completed this analysis (see supplemental data).

Conformity and failure rate were calculated with and without the Orthopilot™ (paired series). A McNemar test [START_REF] Mcnemar | Note on the sampling error of the difference between correlated proportions or percentages[END_REF] for paired series was used to know whether the maxillary positioning was significantly better with navigation. Distributions of discrepancies with and without the Orthopilot™ were compared by a Wilcoxon test.

Statistical analyses were carried out using SAS software (SAS Institute Inc.).

Results

Thirty patients were treated (13 male and 17 female, mean (range) age 28 (16-61) years).

Fifteen patients presented with an AVE, two with a PVE, and 16 with an asymmetry. There was one case of Angle's class I, 13 cases of class II, and 16 cases of class III.

The failure, non-conformity, and conformity rates without the Orthopilot™ are listed in Table 1a. There were six cases of rotation failure and 17 cases of translation failure.

Concerning the primary endpoint, failure rate was significantly greater when the patient was a female (p=0.01). The results were not significant when crossing the failure with Angle's classes, AVE, PVE and asymmetry. No test was applied to the conformity group because of the small size of the sample (n=2).

According the vector II, failure rate was 60% (18/30, 95% CI 41% to 77%).

Concerning the secondary endpoint, the failure rate was also significantly greater among female patients (p=0.01), but there was no significance when crossing failure with type of occlusion, AVE, PVE, and asymmetry.

The Bland and Altman method did not show concordance between planned and performed measures for rotational and translational movement, as well as the vector II because the mean (SD) limits of agreements (d (1.96)) were outside the failure limits. For the vector II the aspect of the graph suggested that the greater the vector II planned, the greater the discrepancies (Fig. 2).

The failure, non-conformity, and conformity rates with the Orthopilot™ are listed in Table 1b. There was no case of rotation failure. There were seven cases of translation failure.

Concerning the primary endpoint, the results were no significant when crossing failure and conformity with gender, type of occlusion, AVE, PVE and asymmetry.

According to the vector II, the failure rate was 20% (6/30, 95 CI 8% to 39%).

Concerning the secondary endpoint, there was no significance when crossing failure with gender, type of occlusion, AVE, PVE, and asymmetry. The Bland and Altman analysis showed concordance between planned and performed movements for rotational movements only. The Bland and Altman analysis for the vector II also suggested that the greater the planned vector II, the greater discrepancies (Fig. 3), but this dispersion seemed to be less important with navigation than without.

The conformity rate was significantly greater with the Orthopilot™ (p=0.01;

McNemar test). Failure rate was significantly lower with the Orthopilot™ (p=0.002;

McNemar test). Table 2a shows the agreement of failure with and without the Orthopilot™.

Table 2b gives the same information for conformity.

Figure 4 shows the distribution of the discrepancy values of each direction and of vector II with and without the Orthopilot™. The distributions were significantly different (Wilcoxon test) with and without the Orthopilot™ for Tlr (p=0.03), vector II (p=0.001). The difference was not significant (0.05<p<0.1) for Rf, Rs and Tbf, and there was no significant difference for Ttb and Ra.

Discussion

We have shown that the Orthopilot™ improved the accuracy of traditional model surgery to position the maxilla during Le Fort I osteotomy. Indeed the conformity rate was significantly (p=0.01) greater with the Orthopilot™ ( 8/30, 95% CI 12% to 46%) than without ( 2/30, 95% CI 1% to 22%), and the failure rate was significantly (p=0.002) lower with the Orthopilot™ (7/30, 95% CI 10% to 42%)) than without ( 18/30, 95% CI 41% to 77%).

According to the primary endpoint, the results obtained without the Orthopilot™ were consistent with our previous results. [START_REF] Lartizien | Quantification of the inaccuracy of conventional articulator model surgery in Le Fort 1 osteotomy: evaluation of 30 patients controlled by the Orthopilot® navigation system[END_REF] The navigation improved the reproducibility of the maxillary repositioning. This observation was confirmed by the agreement of failure and conformity with and without the Orthopilot™. Twelve patients were in failure without the Orthopilot™ but not with it. Six patients were not in conformity without the Orthopilot™ and in conformity with it. These outcomes were achieved thanks to real-time control of the position of the maxilla enabled by navigation [START_REF] Azarmehr | Surgical navigation: a systematic review of indications, treatments, and outcomes in oral and maxillofacial surgery[END_REF] . The Orthopilot™ could also address some known flaws of the traditional model surgery [START_REF] Olszewski | Limitations of orthognathic model surgery: theoretical and practical implications[END_REF] : error due to facebow transfer, [START_REF] Barbenel | Errors in orthognathic surgery planning: the effect of inaccurate study model orientation[END_REF][START_REF] Quast | Traditional face-bow transfer versus threedimensional virtual reconstruction in orthognathic surgery[END_REF] lack of control of condyle positioning intraoperatively, [START_REF] Borba | Accuracy of perioperative mandibular positions in orthognathic surgery[END_REF][START_REF] Bamber | The effect of posture and anesthesia on the occlusal relationship in orthognathic surgery[END_REF] and lack of landmark for horizontal direction. However, seven patients were still in failure with it. This imperfection could be explained by the difficulty to reach and to maintain the maxillomandibular complex or the maxilla in the target position during the osteosynthesis. In some cases, the planned position was even unachievable, due to 2-dimensional cephalometric planning, or anatomical reasons like soft tissue elasticity or bone interferences, or both.

The distribution of the discrepancies also highlighted the greater accuracy of the navigation than the traditional method. Indeed, the dispersions were usually lower and there was fewer outlier with the Orthopilot™. This last point indicates that navigation could avoid large discrepancies without the Orthopilot™. The dispersion was important for Rs and Ttb and ith Orthopilot™ the dispersion remained notable for Ra, Ttb and Tbf. The differences observed were significant for Tlr as well as for vector II and tended to be significant for Rf, Rs, and Tbf. There were no significant differences for Ra and Ttb. Thus, traditional method was more inaccurate in the sagittal plane. This was consistent with previous studies. [START_REF] Lartizien | Quantification of the inaccuracy of conventional articulator model surgery in Le Fort 1 osteotomy: evaluation of 30 patients controlled by the Orthopilot® navigation system[END_REF][START_REF] Dreiseidler | Systematic three-dimensional analysis of waferbased maxillary repositioning procedures in orthognathic surgery[END_REF] The navigation seemed to be less accurate in the vertical dimension (Ra and Ttb). Zinser et al had the same conclusions. [START_REF] Zinser | Computer-assisted orthognathic surgery: waferless maxillary positioning, versatility, and accuracy of an image-guided visualisation display[END_REF][START_REF] Zinser | A paradigm shift in orthognathic surgery? A comparison of navigation, computer-aided designed/computer-aided manufactured splints, and "classic" intermaxillary splints to surgical transfer of virtual orthognathic planning[END_REF] We hypothesised that those dimensions were the most challenging to manually hold during the osteosynthesis. Moreover, Ra is the most difficult direction to plan on frontal cephalometry.

Interestingly, the failure rate was significantly greater in female patients without the Orthopilot™. The bivariate analysis crossing gender and AVE/asymmetry/type of occlusion with failure did not explain this point. The small size of our sample did not let us do a multivariate analysis with more than two explanatory variables or with PVE. A sampling bias could not be excluded. Further explorations with a larger sample size are needed.

The Bland and Altman analysis for vector II tended to show that the greater the vector II planned is, the greater the discrepancy, so the value of the discrepancy was correlated with the value of planned movement. However, the use of navigation seemed to reduce the risk of discrepancy with large planned movements. The enhanced Bland and Altman analysis confirmed this observation (see supplemental data).

As explained previously, [START_REF] Lartizien | Quantification of the inaccuracy of conventional articulator model surgery in Le Fort 1 osteotomy: evaluation of 30 patients controlled by the Orthopilot® navigation system[END_REF] the failure limits were defined by a 3-dimensional extension of the criteria used by Padwa et al [START_REF] Padwa | Occlusal cant in the frontal plane as a reflection of facial asymmetry[END_REF] for the rotation (> 4°) and Proffit et al [START_REF] Proffit | The hierarchy of stability and predictability in orthognathic surgery with rigid fixation: an update and extension[END_REF] for the translation (> 2 mm). It corresponded to the level of clinical relevance. Thus, the low failure rate obtained with the Orthopilot™ (23% (7/30, 95%CI 10% to 42%)) and the significantly difference (p=0.002) compared with the high score obtained without it (18/30, 95% CI 41% to 77%))

seemed to demonstrate the clinical benefit of its use.

The conformity limits corresponded to our goal of optimal accuracy. However, we did not assess the benefits in term of clinical relevance, occlusion or patients' satisfaction of this level of accuracy.

Our study had several flaws. The cephalometric 2-dimensional planning could be a source of error 23 especially in case of asymmetry. Improvement of the navigation system will integrate a CT-scan 3-dimensional planning. Another source of error was the accuracy of the navigation system, in the range of 1 mm and 1 o , but it had little incidence in practice because this range of accuracy is not relevant clinically. [START_REF] Proffit | The hierarchy of stability and predictability in orthognathic surgery with rigid fixation: an update and extension[END_REF] Finally, our study suffered from a lack of power to perform multivariate analysis.

In conclusion, the Orthopilot™ Navigation System improved the accuracy and reliability of maxillary repositioning during Le Fort I osteotomy. However, this accuracy could be improved with the future evolution of the navigation system. Further studies are required to demonstrate that the use of navigation is beneficial in term of occlusion and patients' satisfaction.

  previously described: class 1: conformity in translation and rotation; class 2: conformity in translation only, but with rotation values below the failure limits; class 3: conformity in translation only, with rotation values over the failure limits; class 4: conformity in rotation only, with non-conformity of translation values but below failure limits; class 5: nonconformity of rotation and translation values below failure limits; class 6: non-conformity of translation values and rotation values over failure limits; class 7: conformity in rotation only and translation values over failure limits; class 8: non-conformity of rotation values and translation values over failure limits; and class 9: failure in translation and rotation. The conformity, non-conformity, and failure limits are shown in Fig. 1. The failure limits are a 3-dimensional extension of the criteria used by Proffit et al 11 for the translation and by Padwa et al 12 for the rotations.
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Throughout: the journal is published in British English, so any American spelling has been corrected.

Throughout: some percentages have been removed as the journal publishes them only if n>100 (see item 5 on your email of provisional acceptance).

Throughout: the journal prefers 95% CI to be written as, for example, 27 to 36 not 27-37, to avoid confusion should there be a minus value.
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