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The high sub-mandibular approach: our experience about 496 procedures
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Introduction: The potential drawbacks of surgical approaches to neck and base fractures of the mandibular condyle (visible scare, facial nerve injury) are still considered by many surgeons as a brake for open reduction and internal fixation. The aim of our study was to analyze the results in terms of access, scare quality and complications that could be noticed in a 12 years period of time with the use of the high sub-mandibular approach (HSMA) we first described in 2006 for the surgical treatment of neck and base fractures.

Material and method: All the files of patients operated on for condylar neck and base fractures approached by mean of a HSMA between January 2006 and December 2018 in our department and containing information concerning age, sex, type of fracture, kind of osteosynthesis material, operating time, name of the surgeon, postoperative complication linked to the approach, scare quality at 6 months follow-up at least were included. The skin incision and the dissection planes followed the original publication of Meyer et al in 2006.

Results: 434 patients (sex ratio: 2.06, mean age: 32, 496 approaches) met the inclusion criteria. Following the AO classification, 21.2% of the fractures were classified as neck fractures and 78.8% as base fractures. 97.6% of all fractures were stabilized by mean of a 3D plate (TCP® plate, Medartis, Basel -CH), the remaining ones by mean of a combination of 1.2, 1.5 and 2.0 straight plates. Mean operating time was 40 minutes per side. Patients were operated on by senior surgeons in 71.7% of the cases and by trainees under supervision for the others. Concerning the complications linked to the approach, we noticed 11 (2.2%) temporary (0 definitive) paresis of the facial nerve, 1 (0.2%) hematoma and 1 (0.2%) abscess that both needed revision. Scare was hypertrophic or considered as unaesthetic by the patient in 5 cases (1%).

Discussion: The HSMA, if performed as initially described, is a safe and quick procedure compared to other cutaneous approaches. It gives access to all base fractures and to most of neck fractures. The very low rate of facial nerve complications is mainly explained by the plane by plane dissection making it very easy to avoid the facial nerve branches or to check them when encountered. The HSMA is particularly suited to the use of TCP plates as the upper holes of these plates, placed horizontally, are easy to reach from below. The HSMA is therefore still our preferred cutaneous approach to the condylar process.

Introduction:

Open reduction and internal fixation (ORIF) of condylar neck and base fractures has progressively become the treatment of choice for many teams because of better, quicker and more predictable functional and anatomic outcomes [START_REF] Neff | Position paper from the IBRA Symposium on Surgery of the Head--the 2nd International Symposium for Condylar Fracture Osteosynthesis, Marseille, France 2012[END_REF][START_REF] Ea | Surgical treatment of adult mandibular condylar fractures provides better outcomes than closed treatment: a systematic review and metaanalysis[END_REF]. However, the surgical approach to be used to reach these fractures remains debated, the main fears being bad scares and facial nerve lesions.

One of the major advances in ORIF of condylar neck and base fractures in the 20 th has been made by Eckelt in Germany [START_REF] Eckelt | Zugschraubenosteosynthese bei Unterkiefergelenkfortsatzfrakturen mit einem neuartigen Osteosynthe-sebesteck[END_REF] and Krenkel in Austria [START_REF] Krenkel | Axial 'anchor' screw (lag screw with biconcave washer) or 'slanted-screw' plate for osteosynthesis of fractures of the mandibular condylar process[END_REF] who invented the respectively long and short axial lag-screw osteosynthesis techniques. The most interesting thing in those techniques where not the screws themselves (that has since been practically abandoned) but the rediscovery of the submandibular approach, already described by Risdon in 1934 for the treatment of temporo-mandibular joint ankyloses [START_REF] Risdon | Ankylosis of the temporomaxillary joint[END_REF]. Its main advantages in the context of lag-screw osteosynthesis technic was that it allowed for good exposure of the lateral aspect of the ramus (necessary for the driving of the screw) and of the posterior border of the ramus (necessary for a precise reduction of the fracture) and for an access to the lower border of the angular region (necessary for the screw insertion and tightening). However, lesions of the facial nerve, mainly of the marginal branch, where frequent, reaching up to 48.1% transient [START_REF] Zide | Indications for open reduction of mandibular condyle fractures[END_REF][START_REF] Widmark | Open reduction of subcondylar fractures. A study of functional rehabilitation[END_REF][8] and up to 12.5% permanent facial palsies [START_REF] Gerbino | Long-term clinical and radiological outcomes for the surgical treatment of mandibular condylar fractures[END_REF]. Reasons where a blind upward subplatysmal dissection, a plane where the marginal branch of the facial nerve is easily endangered and a low skin incision (3 to 4 cm under the lower border of the mandible), lying far away from the fracture line and thus needing a strong retraction of the soft tissues containing the facial nerve branches [START_REF] Adnot | Retraction force necessary to expose the mandibular neck in Risdon and high cervical anteroparotid transmasseteric approaches: an anatomic comparative study[END_REF].

In 2006, following the progressive development of dedicated osteosynthesis plates placed over the lateral cortical bone that do not need exposure of the lower border of the mandible, Meyer et al. first described a variation of this classical Risdon approach, he called the high sub-mandibular approach (HSMA) [START_REF] Meyer | La voie d'abord sous-angulo-mandibulaire haute (voie de Risdon modifiée) pour le traitement des fractures sous-condyliennes de la mandibule[END_REF]. The main modifications where a higher skin incision, lying closer to the fracture line and a plane by plane dissection in the muscular layers allowing for an easy checking and preservation of the facial nerve branches. Doing so, facial nerve complication rates lowered drastically, dropping near to 0 [START_REF] Meyer | Clinical experience with osteosynthesis of subcondylar fractures of the mandible using TCP® plates[END_REF][START_REF] Pau | Use of a modified high submandibular approach to treat condylar base fractures: experience with 44 consecutive cases treated in a single institution[END_REF].

Unfortunately, this first publication was in French and, as a consequence, the HSMA has often been confused with other sub-mandibular or peri-angular approaches differing in deep dissection planes [START_REF] Trost | Open reduction and internal fixation of low subcondylar fractures of mandible through high cervical transmasseteric anteroparotid approach[END_REF][START_REF] Zeno | Long-term results after open reduction of the subcondylar fracture via modified Risdon approach[END_REF][START_REF] Nikolić | Modified Risdon approach using periangular incision in surgical treatment of subcondylar mandibular fractures[END_REF][START_REF] Imai | Surgical approaches for condylar fractures related to facial nerve injury: deep versus superficial dissection[END_REF] and having higher complications rates and may sometimes have been presented as a new procedure [START_REF] Kudva | A Modified Peri-Angular Approach for Exposure of Condylar Fractures[END_REF][START_REF] Patel | The Periangular Approach to the Posterior Mandible: A Novel Approach and Technique[END_REF].

The aims of our study was to call to mind the original technique and to share our experience about HSMA used in our department to access condylar neck and base fractures of the mandible for 13 years.

Material and method:

A restrospective monocentric study was carried out. All the files of patients encoded in the information system of our hospital by mean of the LBCA004 and LBCA007 codes from the French health insurance system (ORIF of condylar process fracture respectively without and with facial nerve dissection) from January 2006 to December 2018 were analyzed. The files containing pre-and post-operative x-rays, an operative report mentioning at least surgeon's name, fracture type according to the AO classification [START_REF] Neff | The comprehensive AOCMF classification system : condylar process fractures -Level 2 tutorial[END_REF], kind of osteosynthesis material that was used, operating time and post-operative medical records covering at least 6 months follow-up reporting about possible complications linked to the approach and scare quality were included. Files that didn't met these minimum criteria, patients operated on for head fractures or operated through another kind of approach than HSMA were excluded.

Technique:

The technic followed the original description we made by Meyer et al in 2006 [START_REF] Meyer | La voie d'abord sous-angulo-mandibulaire haute (voie de Risdon modifiée) pour le traitement des fractures sous-condyliennes de la mandibule[END_REF].

The fracture line was systematically checked on a pre-operative CT-scan or cone-beam computed tomography as only base and neck fractures located at least 1 cm under the top of the condyle may be accessed through HSMA.

The procedure was performed under general anesthesia and nasotracheal intubation, in supine position, the head being placed in a slight hyperextension and rotated opposite to the fracture side (figure 1).

Anesthesiologists were asked not to curarize patients during induction of anesthesia in order to remain able to check the facial nerve branches if encountered during the dissection.

The relief of the mandibular angle was drawn and the trace of the skin incision, about 4cm in length, was made approximatively 1 cm under this relief in the most upper natural cervical crease (figure 2).

A mixture of 50% saline solution (NaCl 0.9%) and 50% local anesthetic solution (Lidocaine 10 mg/mL + adrenaline 0,005 mg/mL) was injected along the skin trace in a strict subcutaneous plane and at the contact with the lateral cortical bone of the angular region.

Skin incision was made with a n° 15 blade. The platysma muscle was identified between the cutaneous edges (figure 3). An upward dissection was started in a strict subcutaneous plane, preserving the underlying platysma muscle (figure 4). The facial nerve branches, lying one plane deeper, remained totally protected at this step.

The subcutaneous dissection was continued until 2 to 3 cm above the lower border of the angle (figure 5).

The platysma was then grasped between pliers at the highest level of the dissection, lifted and cut obliquely toward the ear lobe allowing the expose the underlying masseter muscle (figures 6-7). Care was taken at this step to preserve the superficial fascia covering the masseter as a branch of the facial nerve (usually the buccal one) may be seen running horizontally under this fascia (figure 8). In case of doubt, a neuro-stimulator was used to check the surgical field (figure 9).

The masseter was horizontally divided (over the facial nerve branch if seen) in one cut by mean of sharp scissors (figure 10). This cut was completed, mainly backwards, here again obliquely towards the year lobe, the goal being to come close to the fracture line and to expose the posterior border of the ramus that will help for checking the reposition of the condylar fragment.

The dissection was continued upward in the sub-periosteal plane and the condylar fragment was exposed (figure 11). At this stage, total relaxation of the patient (administration of curare by the anesthesia team) helped for the lifting of the soft tissues and for the reposition.

An anatomical reposition was achieved after lowering the ramus by means of a block placed over the mandibular molars or by means of a Ginestet hook inserted in a hole drilled into the cortical bone and grasping if the condylar fragment with a some kind of dedicated forceps (figure 12). Excepted in rare cases of multifragmented associated mandibular fractures, we never used any kind of inter-maxillary fixation.

Osteosynthesis was then systematically achieved, very usually by mean of a 3D TCP® plate (Medartis, Basel -CH) (figure 13). After check of the dental occlusion, closure was done plan by plan over a suction drain placed in contact with the bone, taking care not to entrap the possible facial nerve branches into the stitches (figure 14).

Results:

Four hundred thirty-four patients, totaling 496 HSMA approaches, met the inclusion criteria.

The sex ratio was 2.03 and the mean age of the patients was 32 (range: 13-72). Following the AO classification, 105 fractures (21.2%) were neck fractures and 391 (78.8%) were base fractures. All the base fractures could be treated by mean of the HSMA alone. Six of the neck fractures (5.7%) required an additional pre-auricular approach because of very high fractures. All the base fractures could be stabilized by mean of a 4-or a 9-hole TCP® plate alone (Medartis, Basel -CH). Twelve of the neck fractures (11.4%) failed to be stabilized by a TCP® plate and required a combination of 1.2, 1.5 and 2.0 straight plates because of a very high fracture and/or a very narrow neck and/or poor bone condition. Mean operating time was 40 minutes (range: 25-75) calculated from skin incision to skin closure. Three hundred eleven patients (71.7%) were operated by a senior surgeon and 123 patients (28.3%) by trainees under supervision. Trainees needed on average 20% time more than senior surgeons. A facial nerve branch (the buccal branch in 68.8% of the cases, the marginal branch in 31.2% of the cases) was seen in 295 approaches (59.5%).

Concerning the post-operative complications linked to the approach, we noticed 11 (2.2% of the approaches) temporary paresis of the facial nerve branches, including the frontal and/or zygomatic branches in 2 patients. All these paresis resolved spontaneously within the first post-operative month. One patient (0.2% of the approaches) under anticoagulation treatment experienced a hematoma that required a reoperation for evacuation. One patient (0.2% of the approaches) developed an abscess that needed a reoperation for drainage. This complication resulted in an unaesthetic scare (figure 15). Three patients (0.6% of the approaches) presented with a transient hypertrophic scare (figure 16) that resulted in somewhat visible and/or unaesthetic scares. One other patient complained with his scare but none of the 5 concerned patients wanted a revision of their scare. We didn't notice any difference in the occurrence of complication between senior and junior surgeons.

Discussion:

The HSMA is, in our hands a safe, easy and quick approach compared to other cutaneous approaches. It allows to reach all the base fractures and most of the neck fractures when located at least 1 cm under the top of the condylar head. It is particularly suited for 3D plate osteosynthesis.

Concerning complications, we noticed 2.2% of transient facial nerve weakness and no permanent palsy. Al-Moraissi et al, in a meta-analysis conducted on 3 873 patients and 96 studies, reported that the retromandibular approach, the most popular approach for ORIF of sub-condylar fractures, was responsible for up to 40 % of transient and 6.8% of permanent facial palsy rates [START_REF] Louvrier | Does the surgical approach for treating mandibular condylar fractures affect the rate of seventh cranial nerve injuries? A systematic review and meta-analysis based on a new classification for surgical approaches[END_REF]. In the same study, the preauricular approach, another very popular approach, was responsible for up to 35.3% of transient and 5% permanent facial nerve injuries. Intraoral approaches (with or without transbuccal instrumentation and/or endoscopic assistance) are said to be totally safe towards de facial nerve, but even here facial nerve injuries have been reported (up to 20% temporary facial nerve weaknesses [START_REF] Gonzalez-Garcia | Transoral endoscopic-assisted management of subcondylar fractures in 17 patients: an alternative to open reduction with rigid internal fixation and closed reduction with maxillomandibular fixation[END_REF]), probably linked to the poor visual field and the reduction manoeuvers that may become difficult, especially in case of medially displaced condylar fragments.

Most of the publications dealing with surgical treatment of condylar fractures only mention the location of the skin incision when cutaneous approaches are used. However, an approach is not just a skin incision, the important point being the passage though the deep planes, especially the planes where the facial nerve branches are running. According to these deep dissection planes and depending on the way the parotid gland is handled, the retromandibular or the pre-auricular approaches for example may be divided respectively in 3 (retro-, trans-or pre-parotidal dissection) and in 2 different approaches (trans-or preparotidal dissection). These differences in deep routes are essential as they may explain the different complication rates reported about seemingly identical surgical approaches.

The so-called "submandibular approaches" as well may be divided into two main types of approaches according to the level were the skin incision is made and the level where the platysma is transected.

The classical sub-mandibular approach, also called low sub-mandibular approach (LSMA) or Risdon approach, incises the skin 3 to 4 cm under the mandibular angle up to a length of 5-6 cm, transects the platysma (and usually the superficial layer of the cervical fascia as well) at the same level, performs an upward sub-platysmal dissection in direction of the mandibular angle, divides the pterygo-masseteric sling over the lower border of the angle and then riches the condylar process in a sub-perisoteal plane. This means a low skin incision, lying far away from the fracture line and that hinder a good exposition of the condylar fragment especially in neck fractures, a wide and blind sub-platysmal dissection that may endanger the marginal facial nerve branch that is running in this plane, a need for strong retraction of the of the upper edge of the incision containing the facial nerve branches. If this kind of approach may have been well adapted for the insertion of axial lag-screws at a time when this technic was in use, the development of specialized 3D plates, that have to be placed over the lateral cortex of the condylar process, needed approaches that provide a better exposure of this area. Moreover, the high facial nerve complication rates consistently reported with the LSMA leaded to a progressive abandonment of this approach.

The high sub-mandibular approach, also called "modified Risdon approach" has, as far we know, been first described by Meyer et al in 2006 [START_REF] Meyer | La voie d'abord sous-angulo-mandibulaire haute (voie de Risdon modifiée) pour le traitement des fractures sous-condyliennes de la mandibule[END_REF]. The three main differences with the LSMA are a higher (1 cm under the lower border of the mandibular angle) and shorter (4cm in length) skin incision, a strict subcutaneous upward dissection leaving the platysma muscle intact and a layer by layer muscular section 3 cm above the mandibular angle, cutting first the platysma, checking the presence of facial nerve branches, than cutting the masseter, above the facial nerve branches if seen, the muscles being cut transversally and obliquely towards the ear lobe. These modifications allow for an easier exposure of facture lines lying up to 1cm of the top of the condyle and may therefore be used in selected neck fractures, for a convenient placement of any kind of osteosynthesis plates and in particular of 3D plates in which the upper holes are horizontal (as in the TCP® plates) allowing the screws to be inserted as perpendicular to the plate as possible (an angulation up to 30° to the horizontal plane is acceptable) and for a drastic lowering of the facial nerve lesions thanks to the easy and safe visual control of the facial nerve braches [START_REF] Lutz | Is the high submandibular transmasseteric approach to the mandibular condyle safe for the inferior buccal branch?[END_REF].

Concerning the parotid gland, the HSMA has only very few to do with it. The parotid gland may cover a variable part of the posterior surface of the masseter muscle. The entire cut of the posterior border of the muscle that is necessary to have an adequate view over the posterior border of the ramus and an adequate control of the reduction, may need to lift the gland but in no case a dissection inside the gland is performed, explaining why salivary fistula, sialoceles or Frey syndromes are never encountered with HSMAs, contrary to what is reported with other approaches [START_REF] Rozeboom | Open treatment of condylar fractures via extraoral approaches: A review of complications[END_REF].

Sensory disturbance of the great auricular nerve, seen in about 8 % of the pre-auricular approaches [START_REF] Rozeboom | Open treatment of condylar fractures via extraoral approaches: A review of complications[END_REF], cannot occur in HSMAs by definition as this sensitive branch is not encountered during dissection.

Wound infections and hematomas are possible as in all approaches.

Skin scars left by the HSMA are, in our hands, usually very acceptable (figure 17) as they are lying in a natural crease and in a shadow area, just under the relief of the mandibular angle and parallel to the Langer's lines.

We didn't evaluate the possible muscle dysfunction linked to complete cut of the masseter and to partial cut of the platysma muscles. However, we didn't notice any postoperative atrophy or weakness of clinical interest.

The HSMA, is an easy approach to teach and, in our department, it may be entrusted to junior surgeons. We didn't notice any difference in complication occurrence between junior and senior surgeons.

The HSMA remains today our preferred cutaneous approach to base fractures and most of neck fractures. 
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 10111213 Figure 10: Cutting of the masseter muscle by mean of scissors
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 14151617 Figure 14: closure of the approach