Pauline Nicolᵃ 
  
Jean-François Uhlᵇ 
  
Chloé Bertolusᶜ 
  
Christian Vacherᵃ 
email: christian.vacher@aphp.fr
  
Christian Pr 
  
Vacher 
  
  
  
  
  
  
  
  
The Transverse Facial Artery and the Mandibular Condylar Process: An Anatomic and Radiologic Study

Keywords: 

Introduction: In surgical approaches to condylar fractures, there is a risk of damage to the transverse facial artery (TFA) which may in turn account for impaired blood supply to the temporomandibular joint (TMJ). In order to investigate the risk of damage to the TFA, and prevent lesions to this artery resulting from TMJ surgical procedures, we studied the distance between the TFA and the head of the condylar process.

Methodology: A dissection study was conducted on 10 fresh cadavers (20 condylar specimens dissected), involving fifty CT scans of the face with intravenous contrast. Vertical distance from the TFA to the top of the mandibular condyle head and distance from the TFA to the lateral aspect of the mandibular condyle were measured.

Results:

The lateral aspect of the mandibular condyle is vascularized by branches emanating from the superficial temporal artery (STA) and the TFA. The TFA was located 1.84 +/-0.6 cm below the condylar process of the mandible and ran 1.09+/-0.54 mm lateral to the head of the mandibular condyle.

Discussion: In order to spare the TFA in fractures involving the condylar neck, surgical approaches to the condyle should preserve the uppermost 2 cm of the lateral surface of the condyle during dissection. Due to the necessity for periosteal elevation of the lateral surface of the condyle in condylar head fractures, it is possible to spare the TFA, running lateral to the condylar neck, and the medial condylar surface in order to leave the branches that derive from the maxillary artery (MA) intact.

Introduction

Although condylar fractures account for 25% of all mandibular fractures [START_REF] Belli | Surgical evolution in the treatment of mandibular condyle fractures[END_REF] and most of them entail surgery, arterial supply to the mandibular condyle remains a subject of debate [START_REF] Godlewski | Arterial vascularization of the temporomandibular joint[END_REF][START_REF] Funakoshi | Nutrient arteries of the temporomandibular joint: an anatomical and pathologic study[END_REF][START_REF] Wysocki | Vascularization of the mandibular condylar head with respect to intracapsular fractures of the mandible[END_REF][START_REF] Touré | Arterial vascularization of the mandibular condyle and fractures of the condyle[END_REF]. Open reduction and internal fixation (ORIF) surgery appears to be the best treatment for condylar neck fractures in order to improve functional outcomes and prevent complications such as malocclusion [START_REF] Widmark | Open reduction of subcondylar fractures. A study of functional rehabilitation[END_REF][START_REF] Ea | Surgical treatment of adult mandibular condylar fractures provides better outcomes than closed treatment: a systematic review and meta-analysis[END_REF]. However, treatment of condylar head fractures [START_REF] Neff | Position paper from the IBRA Symposium on surgery of the head -the 2 nd International Symposium for condylar fracture osteosynthesis, Marseille, France, 2012[END_REF] by means of either physical therapy or surgery remains controversial [START_REF] Trost | Latest trends in the surgical management of mandibular condyle fractures in France, 2005-2012[END_REF][START_REF] Nogami | Clinical comparison between arthrocentesis and conventional conservative treatment with maxillmandibular fixation for unilateral high condylar fractures[END_REF][START_REF] Merlet | Outcomes of functional treatment versus open reduction and internal fixation of condylar fracture with articular impact: A retrospective study of 83 adults[END_REF]. Following physical therapy, although the normal anatomical structure of the condylar head is not restored, functional outcomes are good in most cases. Following ORIF of condylar process fractures, anatomical outcomes are good in most cases but carry a risk of facial nerve injury and a number of authors have reported condylar resorption [START_REF] Papadacki | Condylar resorption[END_REF][START_REF] Ellis | Treatment of mandibular condylar process fractures: biological considerations[END_REF][START_REF] Choi | Current concept in the mandibular condyle fracture management Part I: Overview of condylar fracture[END_REF]. Where the condylar process was detached from the mandible and extracorporeal fixation was performed, condylar head resorption was more common due to vascular disruption [START_REF] Gupta | Extracorporeal fixation of displaced mandibular condylar fracture: viable option[END_REF][START_REF] Boyne | Free grafting of traumatically disolaced or resected mandibular condyles[END_REF][START_REF] Davis | Free grafting of mandibular condyle fractures: clinical outcomes in 10 consecutive patients[END_REF][START_REF] Mikkonen | Osteotomy -osteosynthesis in displaced condylar fractures[END_REF]. The transverse facial artery (TFA) is considered as part of the arterial supply to the condylar process [START_REF] Cuccia | The arterial blood supply of the temporomandibular joint: an anatomical study and clinical implications[END_REF][START_REF] Yang | Neurovascular structures of the mandible angle and condyle: a comprehensive anatomical review[END_REF], yet there are no accounts of anatomic basis for preservation of the TFA when a preauricular approach to the condylar area is adopted. In order to investigate the risk of damage to the TFA related to a preauricular approach to the mandibular condyle process in condylar head or neck fractures, we examined the arterial supply of the condylar process and the distance between the TFA and the head of the condylar process.

Materials and Methods

Dissection Study

A dissection study was conducted on 10 fresh cadavers (20 condylar specimens dissected) at the Fer à Moulin School of Surgery in Paris, France. The common carotid arteries of the cadavers were injected with colored latex. The dissection technique was standardized: the cervical incision was extended in the preauricular and temporal regions. The platysma was lifted from the sternocleidomastoid muscle to the inferior border of the mandible. The common carotid artery, the carotid bifurcation, and the external carotid artery and its branches were dissected in the carotid and parotid regions. The mandibular condylar neck was transected to show the course of the maxillary artery and its branches. These anatomic components were all harvested en bloc to investigate the arterial blood supply of the condylar process (Fig. 1).

Radiologic Study

Fifty CT scans of the face with intravenous contrast were studied. Only 39 CT scans had sufficient contrast enhancement for the external carotid artery branches to be visible. The sex ratio was 18 females (46%) / 21 males (54%). Mean age was 46.9 years (range 19 to 88 years). The images were acquired between January 2012 and May 2015. Indications for CT scanning were facial cellulitis and pretreatment investigation of oral tumor spread. Three-dimensional reconstructions were obtained using Osirix software. After launching the software and selecting each patient from the database, the contrast-enhanced images were visualized and the facial artery was identified. Intravenous contrast enhancement was considered optimal when the facial artery was visible at the inferior border of the mandible bilaterally. The TFA was traced from the external carotid artery to the condylar process.

Vertical distance from the TFA to the top of the mandibular condyle head in true lateral view was measured (Fig. 2). Mean measurement values for both sides were calculated where the artery was visible on both right and left. Distance from the TFA to the lateral aspect of the mandibular condyle was measured in true axial view (Fig. 3).

Results

Dissection Study

The external carotid artery divided at the condylar neck into the superficial temporal artery which remained posterior to the condyle and the maxillary artery which ran medial to the condylar neck. The maxillary artery, after running adjacent to the medial aspect of the condylar neck, branched into the inferior alveolar artery (IAA) towards the mandibular canal. The maxillary artery and the IAA both contributed branches to the periosteum of the condylar process on its medial aspect. A vascular network was present in the vicinity of the TMJ capsule with multiple perforating vessels. This condylar vascular network was supplied by the maxillary artery and the IAA medially, and by the superficial temporal artery (STA) and TFA laterally. The STA contributed between one to three branches to the lateral aspect of the condyle (Figs. 4 and5) and the TFA contributed one to three branches to the condylar neck. In two cases, the TFA branched off from the bifurcation between the maxillary artery and the STA and in the remaining cases the TFA branched off from the STA. In each case, branches from the STA to the condyle were more distal than the origin of the TFA.

Radiologic Study (Table 1)

The TFA was visible on the right side in 37 patients and on the left side in 32 patients. On the right side the TFA was located at 1.88 +/-0.28 cm, and on the left side at 1.84 +/-0.27 cm. It was located on both sides in 30 patients. In these 30 patients, the TFA was located on both sides 1.84 +/-0.6 cm below the condylar process of the mandible (extreme values: 1.26 cm, 2.54 cm). The TFA ran 1.04 +/-0.56 mm lateral to the condylar process on the right side, and 1.15 +/-0.51 mm on the left side. In the 30 patients in whom the TFA was visible on both sides, it ran 1.09+/-0.54 mm lateral to the head of the mandibular condyle.

Discussion

Dissection demonstrated that the arterial supply of the mandibular condyle originates from a vascular network made up of maxillary and IAA arteries medially, and of the STA and TFA laterally. The TFA runs lateral to the junction between the condylar neck and the condyle in close proximity to its lateral side (1.09 mm) and 1.84 cm from the top of the condyle. In some cases the TFA was impossible to identify on CT imaging due to its small caliber. Distal to the origin of the TFA, one to three branches from the STA participate in arterial supply to the lateral aspect of the head of the condyle. Arterial blood supply to the temporomandibular joint is not completely understood [START_REF] Tagaki | Angiography of the temporomandibular joint. Description of an experimental technique with initial results[END_REF]. Therefore it is impossible to determine the potential consequences of sacrificing lateral arterial supply versus medial arterial supply to the condyle. Ellis and Throckmorton consider, when a preauricular approach is chosen, that entering the capsule of the joint can disrupt the already compromised blood supply to the condyle [START_REF] Ellis | Treatment of mandibular condylar process fractures: biological considerations[END_REF]. In condylar head fracture osteosynthesis, the lateral periosteum of the condyle should be elevated during surgery. Postoperative condylar resorption is more commonly reported in condylar head fractures [START_REF] Lizuka | Severe bone resorption and osteoarthrosis after miniplate fixation of high condylar fractures[END_REF], due to either the fracture itself or to the surgical approach, suggesting that where a preauricular approach is adopted, branches from the STA to the periosteum are unavoidably sacrificed, but preservation of the TFA running lateral to the condylar neck should be paramount wherever possible. In condylar neck fractures, lateral blood supply to the condyle should be preserved [Ellis], even if the TFA runs in close proximity to the condylar neck. According to Godlewski et al, who conducted an anatomic and radiologic study of the TMJ branches arising from the STA, the anterior tympanic and deep temporal arteries were present in all cases. Other branches arising from the TFA, the deep auricular artery and the middle meningeal artery, or sometimes directly from the MA were inconstant [START_REF] Godlewski | Arterial vascularization of the temporomandibular joint[END_REF]. Except for the TFA, all of the arteries supplying blood to the condyle were medial or posterior (STA). Funakoshi describes a branch of the inferior alveolar artery he considered to be the main nutrient artery of the TMJ [START_REF] Funakoshi | Nutrient arteries of the temporomandibular joint: an anatomical and pathologic study[END_REF]. According to Wysocki et al, in most cases the main source of condylar head vascularization is the inferior alveolar artery, but the TMJ capsule receives additional arterial blood supply from the STA, masseteric and external pterygoid arteries [START_REF] Wysocki | Vascularization of the mandibular condylar head with respect to intracapsular fractures of the mandible[END_REF]. In Touré's [START_REF] Touré | Arterial vascularization of the mandibular condyle and fractures of the condyle[END_REF] account of vascularization of the mandibular condyle, the posterior deep temporal artery, the STA, and arterial branches leading to the lateral pterygoid muscle emanating directly from the maxillary artery consistently provide blood supply to the condyle. The STA and masseteric arteries give off inconstant branches to the condyle according to Touré. Touré described an arterial quadrangle around the mandibular condyle made up of the STA posteriorly, the TFA laterally, the MA medially and the masseteric artery ventrally. We are more of the opinion that the mandibular condyle blood supply is composed, as it is in other joints (namely the glenohumeral and coxofemoral joints) of a "lateral circumflex artery" (the TFA) and a "medial circumflex artery" (the MA) giving off branches to the articular capsule in the vicinity of the condylar neck in addition to direct branches to the lateral aspect of the condyle originating from the STA. The STA and the TFA can be damaged during surgery to the condylar area [Yang]. In our study, branches emanating from the TFA were in all cases inferior (more proximal) to branches emanating from the STA. To prevent injury to the TFA in this type of surgical procedure, the position of the TFA at the lateral aspect of the condylar head must be clearly specified. Yang et al consider the TFA branches forwards from the STA approximately 1cm below the zygomatic arch, but any relation between the lateral aspect of the condyle and the TFA has yet to be studied [START_REF] Yang | Neurovascular structures of the mandible angle and condyle: a comprehensive anatomical review[END_REF]. Cuccia et al performed a radiologic study based on CT angiography. They concluded that the vascular supply appeared to come predominantly from the lateral and medial aspects of the condylar head. The arteries depicted as vascularizing the medial side were the inferior alveolar artery, the MA and the middle meningeal artery; the artery vascularizing the retrodiscal tissue was the STA; and the only artery vascularizing the lateral side of the condylar head was the TFA. However this study provided no information on the exact location of the TFA [START_REF] Cuccia | The arterial blood supply of the temporomandibular joint: an anatomical study and clinical implications[END_REF]. A radiologic doppler ultrasound study on the localization of the cutaneous branch of the TFA was performed on 40 healthy female volunteers in anticipation of skin flap surgery in the preauricular area [START_REF] Jacobovicz | Doppler ultrasound localization of the facial transverse artery cutaneous branch[END_REF]. Inferior and lateral distances of the emerging points of the cutaneous branch of the TFA were measured in relation to the lateral eyelid canthus. Mean values were 38 ± 4 mm inferior and 30 ± 4 mm lateral to the lateral canthus. Although this study is important for preservation of the cutaneous branches of the TFA during mobilization of facial skin flaps, it provides no information on vascularization of the mandibular condyle by the TFA. Yang et al, investigated the location of the TFA in relation to the parotid duct. According to Yang, the number of TFAs ranged from one (70.5% of the specimens) to three. The authors investigated the TFA inside the parotid gland but failed to address intraosseous branches leading to the condyle [START_REF] Yang | Topographical anatomy of the transverse cervical artery[END_REF]. Basar et al studied the TFA bilaterally on heads from 20 formalin-fixed cadavers. TFA relationships were determined using 5 anatomical landmarks: (1) the most superior point of the mandibular fossa, (2) the most inferior point of the articular tubercle, (3) the midpoint between the articular tubercle and temporozygomatic suture, (4) the parotid duct, and (5) the maxillary artery. No information was available on the relationship between the TFA and the condylar process of the mandible [START_REF] Basar | Accurate course and relationships of the transverse facial artery in human cadavers[END_REF]. Whetzel and Mathes showed that transection of the TFA occurred during face lift procedures [START_REF] Whetzel | The arterial supply of the face lift flap[END_REF]. According to Whetzel there is a risk of transection of this artery close to its origin when preauricular incisions are performed. In the event of condylar head fracture with substantial displacement, the blood supply emanating from the STA and the inferior alveolar artery is compromised [START_REF] Touré | Arterial vascularization of the mandibular condyle and fractures of the condyle[END_REF], hence it is important to preserve the TFA during surgery to the mandibular condyle. In our study the distance from the TFA to the top of the condyle was inferior to 2cm, and branches from the STA to the head of the condyle were always more distal than the origin of the TFA. When performing surgery on the condyle in condylar neck fractures, to spare the TFA the uppermost 2 cm of the lateral aspect of the condyle should be preserved during dissection. Due to the necessity for periosteal elevation of the lateral surface of the condyle in condylar head fractures, it is possible to preserve the TFA running lateral to the condylar neck and branches arising from the MA. 

Figures legends

Fig. 1 .

 1 Fig. 1. Lateral view of right mandibular condyle after injection of colored latex into arteries and en bloc resection of mandibular condyle area (SUP = superior, POST = posterior). The external carotid artery (EC) divides into the superficial temporal artery (STA) and the maxillary artery which is medial to the condylar neck. The transverse facial artery (TFA) contributes two branches to the temporomandibular joint capsule (CB).

Fig. 2 .

 2 Fig. 2. . Lateral CT scan view of mandible (SUP = superior, ANT = anterior). The facial artery (FA) is visible on the lateral aspect of the mandibular corpus. Vertical distance between top of mandibular condyle and transverse facial artery (TFA) was measured.

Fig. 3 .

 3 Fig.3. Axial CT scan view of mandible (ANT = anterior, LAT = lateral) and mastoid process (MAST). The maxillary artery (MA) runs medial to the mandible (MAND); distance (D) between transverse facial artery (TFA) and mandible was measured.

Fig. 4 .

 4 Fig. 4. Lateral view of right mandibular condyle after injection of colored latex into arteries and en bloc resection of mandibular condyle area (SUP = superior, POST = posterior). The superficial temporal artery (STA) contributes one direct branch to the lateral aspect of the mandibular condyle (C), and the transverse facial artery (TFA) runs laterally to the neck of the mandibular condylar process.

Fig. 5 .

 5 Fig. 5. Lateral view of right mandibular condyle after injection of colored latex into arteries and en bloc resection of mandibular condyle area (SUP = superior, POST = posterior). The superficial temporal artery (STA) contributes 3 direct branches to the lateral aspect of the mandibular condyle (C), and the transverse facial artery (TFA) runs downwards lateral to the neck of the mandibular condylar process.
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