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Background 

A. Purpose 

With the advancement of dental surgical procedures, it is critical that the dental surgeon 

identify the anatomy surrounding the surgical area. The anatomy of the oral cavity and 

surrounding regions become extremely important to dentists for successful placement of dental 

implants. Dental implants are becoming more popular and are commonly placed by specialists 

and dentists around the world.  

The purpose of this thesis is to help identify the anatomy of the oral cavity and 

surrounding regions so potential complications can be minimized during implant surgery. The 

focus will be primarily on the maxillary artery and its branches, maxillary division of trigeminal 

nerve (CN V2), mandibular division of trigeminal nerve (CN V3), and several muscles associated 

with the oral cavity. Cadaveric photographs and cone beam computed tomography scans (CBCT) 

are used to help demonstrate the pathway of arteries and nerves within the osseous anatomy. 

CBCT scans will help clinicians have a better understanding of the anatomical structures when 

performing dental procedures specifically dental implants. Thorough understanding of the 

anatomy gives the dentist the confidence to restore function, esthetics, and health to their 

patients. This thesis does not attempt to discuss every blood vessel, nerve, and muscle found in 

the oral cavity; however, it does focus on the typical pathway of oral anatomy that could be 

encountered during dental implant surgery.   

B. Dental implants 

A tooth consists of a crown, neck, and root. The crown is the portion above the gingiva. 

The root is below the gingiva, anchored to the alveolar bone. Throughout a persons life there are 

many factors that can decrease the integrity of a tooth and its supporting structures. According to 
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American Association of Oral Maxillofacial Surgeons statistics show that “69% of adults aging 

from 35-44 have lost at least one permanent tooth to an accident, gum disease, a failed root 

canal, or tooth decay”.4 To maintain function and esthetics, a dental implant may be inserted in 

place of a missing tooth. Dental implants can be made from a variety of material. The most 

common is titanium, which, has been shown to be the most compatible with human tissue 

providing a higher success rate due to osseous-integration.5 In 1952 Dr. Peringvar Branemark, an 

orthopedic surgeon, found that titanium would osseo-integrate with bone forming an irreversible 

bond.6 The first application of osseous-integration using titanium in the mouth was in 1965, and 

is considered the start of modern implantology.12 

Today implants are widely used; there are many different types, shapes, and sizes of 

implants.  The tooth that is being replaced and the amount of bone present determine the type of 

implant to be used. A dental implant is composed of three parts: 1) the titanium screw, which 

will be inserted into and fuse with the alveolar bone of the maxilla or mandible, 2) the dental 

abutment, which fits into the titanium screw and will protrude past the gingiva, 3) the crown is 

fitted to the abutment and will look and function like a normal adult tooth. When placing dental 

implants, it is crucial that the anatomy is carefully studied and measured for proper implant 

placement. Nobel Biocare states that “the number of dental implants placed in USA increased 

10-fold between 1983 and 2002; there are now over 700,000 implants inserted annually”.3 As 

with any statistic, the number of dental implants placed will increase the chance of complications 

involving the vascular supply and nervous tissue.  
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Figure	  1:	  	  Medial	  view	  of	  the	  oral	  cavity.	  Netter	  illustration	  from	  Netter’s	  
Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  
rights	  reserved.	  www.netterimages.com.	  

Anatomy of the Oral Cavity 

A. Oral cavity boundaries 

 The oral cavity is important during chewing, tasting, and drinking.  The oral cavity is the 

space between the external surfaces of the lips and cheeks extending posterior to the 

palatoglossal folds.  It can be divided into the vestibule and oral cavity proper.13 The vestibule is 

the area between the lips or cheek and teeth.  The oral cavity proper is everything between the 

teeth and the palatoglossal folds.  The hard and soft palate makes up the superior border of oral 

cavity while the tongue sits on the inferior border.  

 

 

 

 

 

 

 

 

 

 

  

  

B. Osseous anatomy 

To understand the pathway of arteries, nerves, and muscle attachments it is critical to 

review the bones that make up the oral cavity and surrounding structures. 
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Figure	  3:	  Inferior	  view	  of	  the	  maxilla	  Figure	  2:	  Anterior	  view	  of	  the	  maxilla	  

i: Maxillary arch  

The horizontal plates of the palatine bones and the left and right maxillae form the 

maxillary arch.  The right and left maxillae form the majority of the face and the superior portion 

of the oral cavity. Found within the maxilla are three foramina important to dentistry. The 

foramina are: 1) infraorbital foramina 2) incisive foramen 3) greater palatine foramina. The 

infraorbital foramen is located on the anterior surface of the maxilla just below the socket of the 

eye, inline with the pupil. The incisive foramen is just posterior to the maxillary central incisor. 

The greater palatine foramen is located on the hard palate and formed from the palatal shelves of 

the maxilla and the horizontal plates of the palatine bones. This foramen is found around the 2nd 

maxillary molar. The left and right palatine bones make up the posterior portion of the hard 

palate. The lesser palatine foramen is located within the horizontal plate of the palatine bone.  
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ii: Mandibular arch 

The mandible, which forms the lower jaw, is a single horseshoe shaped bone. It has two 

foramina found bilaterally: 1) mandibular foramina 2) mental foramina. Even though there are 

only two foramina for nerves and vessels to enter, the mandible is in contact with nerves and 

arteries in several places making it important for dentists when reflecting the mucosa for implant 

surgery. Two concavities are located on the medial aspect of the mandible. The submandibular 

fossa contains the submandibular gland.8 The sublingual fossa contains the sublingual gland and 

is superior to the mylohyoid line. The lingula is an attachment for the sphenomandibular 

ligament. The lingula is located anterior to the mandibular foramen. The buccal shelf and 

mylohyoid groove are the last two structures of particular importance found on the mandible. 

The buccal shelf is where the long buccal nerve is found. The long buccal nerve innervates the 

Figure	  4:	  Posterior	  superior	  view	  of	  mandible.	  
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buccal gingiva of the mandibular molars.13 The mylohyoid groove is found on the medial aspect 

of the mandible, inferior to the mandibular foramen, allowing the nerve to the mylohyoid to 

innervate the mylohyoid muscle.  

 

C. Arterial blood supply 

The majority of the head receives its vascular supply from the common carotid artery. 

The common carotid artery travels superior splitting into the internal carotid and external carotid 

artery at the 3rd cervical vertebrae.13 The internal carotid artery does not have any branches 

pertaining to implant dentistry.  The superior thyroid, ascending pharyngeal, facial, lingual, and 

Figure	  5:	  Posterior	  superior	  view	  of	  the	  mandible	  with	  musculature	  and	  nerves.	  Netter	  
illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  
Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
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Figure	  6:	  Common	  carotid	  artery	  branching	  into	  internal	  carotid	  and	  external	  carotid	  
artery.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  
permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
	  	  

occipital arteries are branches of the external carotid artery that arise in the carotid triangle.9 As 

the external carotid travels superior it bifurcates into the superficial temporal artery and 

maxillary artery. The focus of this thesis will be on the lingual artery, facial artery, and branches 

of the maxillary artery.  

 

 

 

 

 

 

 

 

 

 

 

 

 

D. Nervous tissue 

The trigeminal nerve or cranial nerve V has three divisions: 1) The ophthalmic division 

2) maxillary division 3) mandibular division. The ophthalmic division is purely general sensory 

in function and has no branches that are pertinent for maxillary or mandibular arch innervations 

in regards to implants. The maxillary nerve is purely general sensory in function. It is called the 

2nd division of the trigeminal nerve and exits the skull through the foramen rotundum to enter the 
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Figure	  7:	  The	  three	  divisions	  of	  the	  trigeminal	  nerve	  supplying	  the	  majority	  of	  
innervation	  to	  the	  oral	  cavity.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  
for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
	  	  

pterygopalatine ganglion.13 This division is responsible for the innervation of the maxillary arch 

and the structures associated with the maxillary arch. The mandibular nerve or division three of 

the trigeminal nerve is the largest of the three divisions.  The mandibular division is a mixed 

nerve carrying a general sensory and a motor component. The motor component supplies the 

muscles of mastication (masseter, temporalis, medial pterygoid, lateral pterygoid), anterior 

digastric, mylohyoid, tensor tympani, and tensory veli palatini muscles. The mandibular nerve 

enters the infratemporal fossa through the foramen ovale.13  
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Figure	  8:	  Muscles	  of	  mastication.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  
for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
	  	  

E. Muscles 

There are several muscles attaching to the maxilla or mandible. Focus will be on the four 

muscles of mastication, buccinator, mentalis, mylohyoid, geniohyoid, and genioglossus.  The 

muscles of mastication insert on the mandible and are innervated by the trigeminal nerve, 

specifically the mandibular division (V3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first muscle of mastication that will be discussed is the masseter, which is divided 

into a superficial and a deep portion.9 It is derived from the 1st pharyngeal arch. This originates 
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on the zygomatic process and inserts on the lateral aspect of ramus and angle of the mandible. It 

functions to elevate, protrude, and provide ipsilateral excursion of the mandible. The temporalis 

muscle is derived from the 1st pharyngeal arch. It is a large fan shaped muscle originating on the 

temporal fossa inserting on the coronoid process of the mandible. It elevates, retrudes, and 

provides ipsilateral excursion. The last two muscles of mastication are the medial and lateral 

pterygoid muscles.  

 

 

 

 

 

 

 

 

 

 

 

 

The medial pterygoid muscle is derived from the 1st pharyngeal arch.  The medial 

pterygoid is similar to the masseter in the orientation of the muscle fibers. The medial pterygoid 

Figure	  9:	  Lateral	  view	  of	  the	  medial	  pterygoid,	  lateral	  pterygoid,	  and	  buccinators	  
muscles.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  
permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
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originates on the medial side of the lateral pterygoid plate and maxillary tuberosity inserting on 

the medial side of the angle of the mandible.13 The function of the medial pterygoid muscle is to 

elevate, protrude, and provide contralateral excursion. The insertion of the masseter muscle and 

medial pterygoid forms a sling on the inferior border of the mandible.9 This sling allows for 

powerful elevation of the mandible during mastication. The lateral pterygoid is the last muscle of 

mastication.  This muscle is derived from the 1st pharyngeal arch.  It has two distinct heads, one 

being inferior and one superior.13 The origin of the inferior head attaches to the lateral surface of 

the pterygoid plate found on the sphenoid bone. The origin of the superior head is found on the 

greater wing of the sphenoid bone. This attachment is to the roof of the infratemporal fossa.9 The 

function of the lateral pterygoid is to depress, protrude, and provide contralateral excursion.  

The buccinator muscle is a muscle of facial expression acting as the framework for the 

cheek.  It is innervated by the facial nerve or cranial nerve VII and derived from the 2nd 

pharyngeal arch.  The parotid duct passes through the buccinator muscle before it enters the oral 

cavity around the 2nd maxillary molar.  The buccinator muscle originates in three places: 1) 

pterygomandibular raphe 2) maxillary alveolar process 3) mandibular alveolar process.13 The 

buccinator and superior pharyngeal constrictor muscle form the pterygomandibular raphe. The 

pterygomandibular raphe is a fibrous band running superior to inferior from the hamulus of the 

pterygoid plate down to the mandible and is an important landmark for inferior alveolar nerve 

block injections.9 The buccinator muscle inserts on the angle of the mouth, orbicularis oris 

muscle, and lips. The mentalis muscle originates from the incisive fossa on the mandible and 

inserts on the skin of the lower lip.13 The mentalis muscle is derived from the 2nd pharyngeal arch 

and is a muscle of facial expression innervated by facial nerve (CNVII). The mentalis muscle 
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Figure	  10:	  Frontal	  section	  of	  the	  oral	  cavity	  illustrating	  the	  musculature	  and	  contents.	  
Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  
permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
	  	  

originates on the incisive fossa inserting on the skin of the lower lip. It functions to protrude the 

lip as if someone was “pouting”.13  

Forming the floor of the oral cavity is the mylohyoid muscle. The mylohyoid attaches to 

the medial side of the mandible on the mylohyoid line inserting on the mylohyoid raphe and 

posterior on the hyoid bone.13 The mylohyoid raphe is formed at the midline by the fibers of the 

left and right mylohyoid muscle.9 It is innervated by the nerve to the mylohyoid, a branch off the 

inferior alveolar nerve. Superior to the mylohyoid muscle on the medial aspect of the mandible is 

the sublingual fossa. Inferior to the mylohyoid muscle attachment is the submandibular fossa. 

The sublingual and submandibular fossa contents are the sublingual gland and submandibular 

gland, respectively. The mylohyoid muscle elevates the hyoid bone and floor of the oral cavity.  

 

 

 

 

 

 

 

 

 

 

 

 



	   	   	   21	  

The geniohyoid muscle lies superior to the mylohyoid muscle attaching to the inferior 

genial tubercles and the hyoid bone posterior. The geniohyoid muscle receives its innervations 

from the ventral rami of C1.13 It functions to elevate the hyoid bone. The last muscle to be 

discussed is the genioglossus. The genioglossus muscle is an extrinsic muscle of the tongue that 

is innervated by the hypoglossal nerve. It originates on the superior genial tubercle superior to 

the geniohyoid muscle. From the genial tubercles the majority of the fibers spread out forming 

the body of the tongue, with some fibers attaching to the body of the hyoid.13 The function of the 

genioglossus is to protract and depress the tongue.  

F. Essential structures associated with the maxilla 

The maxillary artery has approximately 20 branches, however, focus will be on the 

branches that supply the oral cavity and maxillary sinus.13 There are three vascular branches 

supplying the palate: 1) the sphenopalatine artery 2) greater palatine artery 3) lesser palatine 

artery, anterior to posterior, respectively.  

 

 

 

 

 

 

 

 

 

 Figure	  11:	  Vasculature	  supplying	  the	  superior	  portion	  of	  the	  oral	  cavity.	  Netter	  illustration	  
from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  
rights	  reserved.	  www.netterimages.com.	  
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The sphenopalatine artery arises off the 3rd part of the maxillary artery. It travels through 

the sphenopalatine foramen formed by the sphenoid bone and maxilla.13 This artery enters the 

oral cavity through the incisive canal at the midline, just posterior to the central maxillary 

incisor. Traveling with the sphenopalatine artery within the incisive canal is the nasopalatine 

nerve, which is a branch of the maxillary division of the trigeminal nerve  (V2). The nasopalatine 

nerve provides sensory innervations to the nasal cavity and anterior hard palate. It passes through 

the sphenopalatine foramen entering the nasal cavity from the pterygopalatine fossa. It exits the 

nasal cavity through the incisive foramen located posterior to the central incisors upon entering 

the oral cavity. The descending palatine artery comes off the 3rd part of the maxillary artery and 

will travel inferior.13 It branches into the greater palatine and lesser palatine artery. This occurs 

just before entering the greater and lesser palatine canals. The greater palatine artery enters the 

oral cavity through the greater palatine foramen around the 2rd maxillary molar.13 This foramen 

is formed from the horizontal process of the palatine bone and the palatine process of the 

maxilla. After exiting the foramen, it travels anterior to form an anastomosis with sphenopalatine 

artery from the incisive canal. The lesser palatine artery travels within the lesser palatine canal, 

exiting through the lesser palatine foramen found within the horizontal plates of the palatine 

bones, supplying the soft palate. Traveling with the descending palatine artery that splits into the 

greater and lesser palatine artery is the greater and lesser palatine nerve. The greater palatine 

nerve gives sensory innervations from the posterior border of the hard palate to the maxillary 

premolar gingiva.13 The lesser palatine nerve exits the lesser palatine foramen providing sensory 

innervations to the soft palate. The three foramina found on the hard palate can be located by 

examining the palatal mucosa. The incisive canal has a small papilla near the opening of the 
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incisive foramen. The greater palatine foramen is located by using a cotton swab and pressing 

down gently on the palatal mucosa near the 2nd maxillary molar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The infraorbital artery branches off the 3rd part of the maxillary artery. It passes through 

the inferior orbital fissure, which leads to the infraorbital canal.13 The artery exits through the 

infraorbital foramen just inferior to the socket of the eye onto the anterior surface of the maxilla. 

Within the canal the infraorbital artery gives off the anterior superior alveolar artery and middle 

superior alveolar artery, anterior to posterior respectively. The anterior superior alveolar artery 

passes through the alveolar canal in the maxilla to supply the maxillary sinus and the maxillary 

central incisor to the maxillary canine tooth.13 The middle superior alveolar artery arises from the 

infraorbital artery supplying the maxillary sinus and maxillary premolars along with the mesial 

Figure	  12:	  Medial	  view	  of	  the	  maxillary	  division	  of	  the	  trigeminal	  nerve.	  Netter	  illustration	  
from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  
rights	  reserved.	  www.netterimages.com.	  
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buccal root of the 1st molar.13 The posterior superior alveolar artery is a branch directly off the 3rd 

part of the maxillary artery supplying the maxillary sinus and maxillary molars.13 The anterior 

superior, middle superior, and posterior superior alveolar artery forming an anastomosis within 

the maxillary sinus mucosa and gingiva surrounding the maxillary dental arch. When performing 

a maxillary sinus lift it is important to exercise caution with these vessels.8  

 

 

 

 

 

 

 

 

 

 

 

 

 

The infraorbital nerve is often referred to as a continuation of the maxillary division of 

the trigeminal nerve (V2). Damage to the infraorbital nerve is possible when performing an 

anterior lateral window extending 15 mm superior to the alveolar crest when reabsorption of the 

maxilla has occurred.8 The anterior and middle superior alveolar nerves arise from the 

infraorbital nerve within the infraorbital canal just like the corresponding arteries. While 

Figure	  13:	  	  Arterial	  supply	  to	  the	  maxillary	  structures.	  Netter	  illustration	  from	  Netter’s	  Head	  
and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
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descending, both the anterior superior alveolar and middle superior alveolar nerve innervates the 

maxillary sinus. The anterior superior alveolar nerve innervates the incisors, canines, and 

corresponding gingiva. When present, the middle superior alveolar nerve innervate the 

mesiobuccal root of the 1st molar, the premolars, and surrounding gingiva.13 The posterior 

superior alveolar nerve is a branch of the maxillary division of the trigeminal (V2). It comes off 

in the pterygopalatine fossa entering the infratemporal fossa through the pterygomaxillary 

fissure.13 It innervates the maxillary sinus and molars with the exception of the mesiobuccal root 

of the 1st molar.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  14:	  Maxillary	  division	  of	  the	  trigeminal	  nerve.	  Netter	  illustration	  from	  
Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  
rights	  reserved.	  www.netterimages.com.	  
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G. Essential structures associated with the mandible 

The mandible is a single horseshoe shaped bone containing all the dentition of the lower 

jaw. There are several structures associated with the mandible that are important pertaining to 

implant dentistry. Focusing on the mandibular foramen, mental foramen, submandibular fossa, 

sublingual fossa, and buccal shelf. The mandibular foramen is located on the medial side of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the mandible and is the opening for the mandibular canal. The mandibular foramen is located at 

the level of and parallel to the mandibular teeth between the coronoid process and the condylar 

head. The inferior alveolar canal contains the inferior alveolar nerve and vessels. The inferior 

alveolar artery is the only artery supplying the mandibular teeth.13 It is a branch of the maxillary 

Figure	  15:	  Anterolateral	  superior	  view	  of	  the	  mandible.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  
Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
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artery in the infratemporal fossa. There are three branches of the inferior alveolar artery that will 

be discussed. As the inferior alveolar artery descends inferior towards the mandibular foramen it  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gives off a small arterial branch to the mylohyoid muscle paralleling the nerve to the mylohyoid.9 

The inferior alveolar artery enters the mandibular foramen to supply the mandibular teeth. The 

position of the artery varies within the canal. As it passes below the roots of the mandibular teeth 

the artery can be superior or inferior to the nerve. If the mandibular canal is penetrated it is 

possible to damage the artery and nerve, artery or nerve, depending on its orientation within the 

canal.8 The inferior alveolar artery splits into the mental artery and incisive artery at the mental 

foramen. The mental foramen is located around the 2nd mandibular premolar.9 The mental artery 

Figure	  16:	  Arterial	  supply	  to	  the	  mandibular	  structures.	  Netter	  illustration	  from	  Netter’s	  
Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
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exits the mental foramen to supply the gingiva lying anterior to the mandibular teeth.13 The 

incisive artery continues within incisive canal (a continuation of the mandibular canal) supplying 

the teeth anterior to the mental foramen.  

The inferior alveolar nerve is a branch of the mandibular division of trigeminal (V3). The  

 

 

 

 

 

 

 

 

 

 

 

 

 

inferior alveolar nerve passes between the sphenomandibular ligament and ramus of the 

mandible, and inferior to the lateral pterygoid.13 It enters the mandibular foramen traveling 

within the mandibular canal. Just before it enters the mandibular foramen it gives off the 

mylohyoid nerve, which continues inferior in the mylohyoid groove to innervate the mylohyoid 

muscle and anterior belly of the digastric muscle.13 Within the mandibular canal, around the 2nd 

premolar, the inferior alveolar nerve splits into the mental nerve branch and incisive nerve 

	  

Figure	  17:	  Mandibular	  division	  of	  the	  trigeminal	  nerve.	  Netter	  illustration	  from	  Netter’s	  
Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
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branch.13 The mental nerve exits through the mental foramen on the anterior lateral side of the 

mandible around the 2nd premolar, innervating the skin, gingiva, and mucosa from the 2nd 

premolar to midline of the corresponding side. The incisive nerve branch supplies the teeth and 

periodontal ligaments from the 1st premolar to central incisor. The branching of the inferior 

alveolar nerve into the mental nerve and incisive nerve can vary in individuals. The mental 

foramen can be found palpation on the anterior surface of the mandible around the 2nd premolar.  

The lingual artery comes off the external carotid artery in the carotid triangle at the level 

of the hyoid bone.17 It passes deep to the hyoglossus muscle and travels superficial to the 

genioglossus muscle before entering the oral cavity.13 It gives off three branches within the oral 

cavity. The dorsal lingual artery branches off the lingual artery around the posterior border of the 

hyoglossus muscle.  

 

 

 

 

 

 

 

 

 

 

 

Figure	  18:	  Lingual	  artery	  and	  branches.	  Netter	  illustration	  from	  Netter’s	  Head	  and	  Neck	  
Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  reserved.	  
www.netterimages.com.	  
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The dorsal lingual artery supplies the posterior third of the tongue and surrounding tissue. The 

lingual artery continues anterior giving off the sublingual artery and deep lingual. The mylohyoid 

makes up the floor of the mouth. The sublingual artery supplies the sublingual gland, mylohyoid 

muscle, mucosa, and gingiva in the area as it travels anterior. The deep lingual artery supplies the 

anterior portion of the tongue. The deep lingual artery is often referred to as the terminal branch 

or a continuation of the lingual artery. Lying between the medial and lateral pterygoid muscles is 

the lingual nerve, a branch of the maxillary division of trigeminal nerve (V3). Within the  

 

 

 

 

 

 

 

 

 

 

 

infratemporal fossa the lingual nerve lies anterior to the inferior alveolar nerve.13 Joining the 

lingual nerve in the infratemporal fossa is the chorda tympani, which is a branch of the facial 

nerve that supplies the special sense of taste to the anterior two-thirds of the tongue. The lingual 

nerve passes between the medial pterygoid muscle and the ramus of the mandible to enter the 

oral cavity.9 The lingual nerve comes in contact with mandible at the lingual tuberosity located 

Figure	  19:	  Lingual	  nerve	  and	  its	  relationship	  in	  the	  oral	  cavity	  
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near the 3rd molar of the mandible. The lingual nerve continues anteriorly to lie on the lateral side 

of the hyoglossus muscle looping inferior to the submandibular duct.13 The lingual nerve 

accomplishes sensory innervations to the anterior two-thirds of the tongue and mucosa on the 

lingual side of the mandibular teeth. 

The buccal nerve, often referred to as the long buccal nerve, is a branch of the mandibular 

division of trigeminal nerve (V3). The long buccal nerve lies on the buccal shelf of the mandible 

innervating the buccal gingiva opposite the mandibular molars and retromolar trigone.    
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Materials and Methods 

Five fresh edentulous cadaver heads were utilized in this study. The edentulous cadaver 

heads were scanned using cone beam computed tomography (CBCT), which was used to 

determine the proper anatomical placement of implants within the maxilla and mandible. These 

scans were measured and studied before placing the dental implants. After placing implants in 

the maxilla and mandible a second CBCT scan was performed.  These scans were examined 

prior to dissection of each cadaveric head.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	  



	   	   	   33	  

Discussion 

A. Anatomy related complications 

The success rate of implant dentistry is considerably high, although, with any type of 

surgery there is an inherent risk of complications. These risks can occur during surgery or 

postoperatively. This paper will focus on the most common complications involving the 

maxillary and mandibular arch that may occur during dental implant surgery.   

i. Maxillary fractures 

The maxilla is a very thin and porous bone.  The histology of the maxilla allows local 

anesthesia to work well when performing dental related procedures.  However, since the maxilla 

is such a thin and porous bone, there is a risk of fracture.  

Figure	  24:	  Anterior	  view	  of	  a	  disarticulated	  maxilla	  
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ii. Maxillary sinus 

The maxillary sinus, a large pyramidal shaped sinus, is easily damaged when performing 

a dental implant. It is the largest sinus in the adult skull. The average adult sinus is 36-45 mm 

tall, 25-35mm wide, and 38-45mm in length.8 Its relationship to the oral cavity is important when 

performing dental implants. The maxillary sinus is inferior to the orbit, anterior to the 

pterygopalatine fossa, and superior to the maxillary molars and premolars. The majority of 

innervation to the maxillary sinus is from the maxillary division of the trigeminal nerve (V2). 

Being the largest sinus in the adult skull, it is innervated by several nerves.  However, focusing 

on the posterior superior alveolar, middle superior alveolar, and anterior superior alveolar nerves. 

The posterior superior alveolar nerve arises from the pterygopalatine fossa from the maxillary 

Figure	  25:	  Lateral	  view	  of	  the	  maxillary	  sinus	  and	  its	  relationship	  to	  the	  oral	  cavity.	  Netter	  
illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  
Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
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division of the trigeminal nerve.  It enters the maxilla to innervate the maxillary sinus and the 

maxillary molars with the exception of the mesial buccal root of the 1st maxillary molar.13 The 

middle superior alveolar and anterior superior alveolar nerves are branches of the infraorbital 

nerve, which is a continuation of the maxillary division of the trigeminal nerve.13 The middle 

superior alveolar nerve innervates the maxillary sinus and mesial buccal root of the 1st maxillary 

molar and maxillary premolars. The last nerve to discuss is the anterior superior alveolar nerve. 

It innervates the maxillary sinus and maxillary canine to the maxillary central incisor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  26:	  innervation	  to	  the	  maxillary	  sinus.	  Netter	  illustration	  from	  Netter’s	  Head	  
and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  
reserved.	  www.netterimages.com.	  
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The majority of the vascular supply to the maxillary sinus comes from branches of the 

maxillary artery and branches from the infraorbital artery.  The three branches of discussion are: 

1) posterior superior alveolar artery 2) middle superior alveolar artery 3) anterior superior 

alveolar artery.  These arteries will follow their corresponding nerves of the same name.  Within 

the maxillary sinus these arteries form a large anastomosis. The posterior superior alveolar artery 

continues to the maxillary molars. The middle superior alveolar artery continues to the maxillary 

premolars. The anterior superior alveolar artery supplies the maxillary canine to central incisor.   

 

 

 

 

 

 

 

 

 

 

 

 

Damage to the schneiderian membrane can occur when the maxillary sinus has been perforated 

from mishandling and or perforation of the maxilla. This can cause wound dehiscence and 

sequestration, cyst formation, sinusitis, and loss of a bone graft.2 When a patient is edentulous 

for a long period of time; the maxillary alveolar bone starts to reabsorb. It is recommended to 

Figure	  27:	  Vascular	  supply	  to	  the	  maxillary	  sinus.	  Netter	  illustration	  from	  Netter’s	  
Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  Elsevier	  Inc.	  All	  rights	  
reserved.	  www.netterimages.com.	  
	  



	   	   	   37	  

have a minimum of 5mm of bone when placing a maxillary implant, preventing the implant from 

migration.16 When bone reabsorption has occurred this can further add difficulty when placing an 

implant. When a significant amount of bone is reabsorbed, the dentist will do a sinus lift or 

socket lift (bump) to provide room for the implant and bone graft. This will help provide 

sufficient bone to prevent perforation of the schneiderian membrane and provide adequate bone 

for a stable dental implant. Damage to the vasculature of the maxillary sinus is the most common 

complication that can occur during a posterior maxillary implant. Severing these vessels within 

the maxillary sinus will cause bleeding and decreasing visibility during the procedure, potentially 

resulting in cyst formation, sinusitis, or loss of a bone graft due to bone reabsorption.2  
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iii. Nasopalatine nerve and sphenopalatine vessels 

Damage to the nasopalatine nerve and sphenopalatine vessels is a possible complication 

when placing implants near the incisive foramen.  The incisive foramen is located on the maxilla 

just posterior to the central incisor.  It allows exit of the nasopalatine nerve and sphenopalatine 

vessels.  This nerve innervates the hard palate from the maxillary canine to central incisor. When 

the incisive canal is damaged it can affect the nasopalatine nerve and vessels supplying the left 

and right innervation of the maxilla.  This could potentially result in dysesthesia or anesthesia 

from the left maxillary canine to the right maxillary canine.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure	  32:	  Central	  incisor	  maxillary	  implant	  
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iv. Mandibular arch fractures 

The mandible forms the mandibular arch containing the all dentition of the lower jaw. 

The mandible is a single horseshoe shaped bone. Fractures of the mandible are infrequent, 

however, they do occur when a significant amount of bone reabsorption has occurred.14 When 

placing implants in a mandible that has undergone bone reabsorption, increased risk of fracturing 

the mandible presents itself. The atrophic mandible has decreased vasculature, causing a poor 

integration of the implant within the periosteum.16 To minimize fractures of the mandible, it is 

recommended to have a minimum bone height and width of 7 and 6 mm respectively.14  

 

 

 

 

 

 

 

 

 

 v. Perforation of the mandibular canal 

Perforation of the mandibular canal can cause several complications including 

dysesthesia or anesthesia.  Dysesthesia will occur when the nerve is compressed or partially 

crushed, while anesthesia occurs when the nerve is completely resected.10 The mandibular canal 

houses the sensory and vasculature to all the mandibular teeth. The mandibular canal begins 

approximately at the occlussal plane. The foramen is located on the ramus of the mandible, 

Figure	  33:	  Edentulous	  mandible	  that	  has	  undergone	  a	  significant	  amount	  of	  bone	  reabsorption	  

Mental	  foramen	  	  
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posterior to the lingula, between the coronoid process and the condylar head. Entering in the 

canal is the inferior alveolar nerve and vessels. Perforation of the mandibular canal can damage 

the nerve and or vessels. The mandibular division of the trigeminal nerve (V3) gives rise to the 

inferior alveolar nerve. The inferior alveolar artery is a branch off the maxillary artery. When 

drilling into the bone of the mandible, the cortical (trabecular) bone will be penetrated first, 

which has a higher density. The drilling should terminate within the cancellous (spongy) bone, 

which is less dense. It is not advised to measure the distance from the mandibular canal by tactile 

senses when drilling. The implant should have a safety margin of 2mm from the mandibular 

canal to prevent nerve and vessel damage.16 The height of the canal can vary with each patient. 

As bone is reabsorbed the canal will become closer to the occlusal plane. The inferior alveolar 

nerve and vessels divide into the mental and incisive nerve and vessels around the 2nd 

mandibular premolar. There should be a safety distance of 5mm away from the mental foramen 

to account for the anterior loop.14 Damage to the inferior alveolar nerve could cause sensory 

damage to the mental nerve and incisive nerve. 

 

 

 

 

 

 

  

 

 
Figure	  34:	  Anterior	  view	  of	  the	  inferior	  alveolar	  
nerve	  entering	  mandibular	  foramen	  	  

Figure	  35:	  Compression	  of	  the	  mental	  nerve	  
and	  vessels	  exiting	  the	  mental	  foramen	  
	  



	   	   	   41	  

vi. Long buccal nerve 

 The long buccal nerve is a branch off the mandibular division of the trigeminal nerve 

(V3). It lies on the buccal shelf supplying the buccal gingiva opposite the mandibular molars and 

retromolar trigone area.13  

 vii. Lingual nerve 

 The lingual nerve is a branch of the mandibular division of the trigeminal nerve (V3), 

which provides sensory innervations to the anterior two-thirds of the tongue and lingual tissue. It 

descends into the oral cavity distal to the 3rd mandibular molar.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  36:	  	  Lingual	  nerve	  entering	  the	  oral	  cavity	  distal	  to	  3rd	  mandibular	  molar.	  .	  Netter	  
illustration	  from	  Netter’s	  Head	  and	  Neck	  Anatomy	  for	  Dentistry,	  2e	  with	  permission.	  ©	  
Elsevier	  Inc.	  All	  rights	  reserved.	  www.netterimages.com.	  
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It is common for the lingual nerve to lie on the lingual tuberosity. The close proximity of the 

nerve to the mandible is a concern when performing dental procedures in the posterior mandible. 

The lingual nerve is situated approximately 3mm apical to the osseous crest and approximately 

2mm horizontally from the lingual cortical plate.8 When performing a lingual flap it is crucial 

that a vertical releasing incision be avoided and whenever possible a buccal incision is made 

instead.8 When reflecting the flap it is crucial to not apply excessive pressure or separation to the 

lingual flap, causing damage to the lingual nerve. This will provide additional room for safety, 

preventing damage to the lingual nerve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  37:	  Relationship	  of	  the	  lingual	  nerve	  in	  the	  oral	  cavity	  as	  its	  crossed	  by	  the	  
submandibular	  duct	  
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 viii. Lingual artery 

Placing implants in the mandible is usually considered a safe and routine procedure. It 

can become life threatening when hemorrhaging in the floor of the oral cavity occurs.7 There 

have been cases of hemorrhaging of the sublingual vessels that required emergency airway 

procedures due to obstruction of the upper respiratory system.10 Perforation of the sublingual 

fossa and lingual cortex can damage the sublingual artery leading to a hematoma, which can 

result in airway obstruction.10 The lingual artery branches off from the external carotid artery in 

the carotid triangle.9  The majority of the vascular supply to the floor of the oral cavity comes 

from the lingual artery. The lingual artery is deep to the hyoglossus muscle as it travels anterior 

to enter the oral cavity.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  38:	  Medial	  view	  of	  the	  lingual	  artery	  in	  relationship	  to	  the	  hyoglossus	  muscle	  
and	  hypoglossal	  nerve	  
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Once the lingual artery enters the oral cavity it gives off three branches: 1) dorsal lingual 

artery 2) deep lingual artery 3) sublingual artery. The dorsal lingual artery branches off the 

lingual artery at the posterior border of the hyoglossus muscle supplying the posterior third of the 

tongue, palatoglossal arch, and mucous membrane in the area.13 The lingual artery will continue 

anteriorly branching into the deep lingual and sublingual near the anterior border of the 

hyoglossus muscle. The deep lingual travels superior to reach to the tip of the tongue. The 

sublingual artery passes between the genioglossus and mylohyoid muscle.13 The sublingual 

artery travels within the sublingual fossa. It supplies the sublingual gland, mylohyoid muscle, 

and oral mucosa found on the floor of the oral cavity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure	  39:	  Branching	  of	  the	  lingual	  artery	  in	  the	  oral	  cavity	  
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Complications involving the sublingual artery can occur from perforation of the sublingual fossa. 

Perforation of these arteries will result in bleeding into the submandibular space, loose 

connective tissue of the mouth, the sublingual area, and the space between the lingual muscles, 

causing swelling within the oral cavity. The swelling can displace the tongue superiorly and 

posteriorly blocking the airway requiring intubation or an emergency tracheotomy.8 

Conclusion 

Life threatening events related to dental implants are rare but possible. Identifying the 

anatomy related to dental implant surgery is extremely important when trying to minimize 

complications. Proper placement of dental implants is important for function and esthetics. 

Improperly placed implants may lead to serious consequences, including death. When the 

anatomy of the oral cavity is known, the dental clinician will have more confidence to restore 

function, esthetics, and health to their patients.  
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