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User’s Guide to the Book


Introductory pages:




• The introductory pages provide all relevant anatomical informations concerning the subject of the chapter. Important details and connections are explained easily to understand.


• The Dissection Link for each chapter comprises brief and concise tips essential for the dissection of the respective body region.


• Exam Check Lists provide all keywords for possible exam questions.





Atlas pages:




• The menu bar on top indicates the topics of each chapter, the bold print shows the subject of the respective pages.


• Important anatomical structures in the figures are highlighted in bold print.


• Small supplement sketches located next to complex views show visual angles and intersecting planes and, thus, facilitate orientation.


• Detailed figure captions explain the relationships of anatomical structures.


• Bulleted lists in figure captions as well as in tables help structuring complex facts and provide a better overview.


• Figures, tables and text boxes are interconnected by cross-references.


• Cross-references link the figures to the separate Table Booklet with tables of muscles, joints, and nerves, thus providing a sufficient anatomical knowledge for the exam.


• Clinical Remarks boxes provide clinical background knowledge concerning the anatomical structures illustrated on the page.





Appendix:




• List of abbreviations as well as general terms of direction and position can be found at the end of the book.


• The color chart depicting the different colors of the cranial bones used in a number of illustrations can be found inside the back cover of this volume.
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The following contents can be found in the other two volumes:


Vol. 1 General Anatomy and Musculoskelal System


[image: image] 1 General Anatomy


Orientation on the Body → Surface Anatomy → Development → Muskuloskeletal System → Vessels and Nerves → Imaging Techniques → Integumentary System
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Surface Anatomy → Development → Skeleton → Imaging → Muscles → Vessels and Nerves → Topography, Back → Female Breast → Topography, Abdomen and Abdominal Wall


[image: image] 3 Upper Extremity


Surface Anatomy → Development → Skeleton → Imaging → Muscles → Topography → Sections


[image: image] 4 Lower Extremity


Surface Anatomy → Skeleton → Imaging → Muscles → Topography → Sections


Vol. 2 Internal Organs


[image: image] 5 Viscera of the Thorax


Heart → Lungs → Esophagus → Thymus → Topography → Sections


[image: image] 6 Viscera of the Abdomen


Development → Stomach → Intestines → Liver and Gallbladder → Pancreas → Spleen → Topography → Sections


[image: image] 7 Pelvis and Retroperitoneal Space


Kidney and Adrenal Gland → Efferent Urinary System → Genitalia → Rectum and Anal Canal → Topography → Sections
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Prof. Dr. Friedrich Paulsen


Dissecting Courses for Students





In his teaching, Friedrich Paulsen puts great emphasis on the fact that students can actually dissect on cadavers of body donors. “The hands-on experience in dissection is extremely important not only for the three-dimensional understanding of anatomy and as the basis for virtually every medical profession, but for many students also clearly addresses the issue of death and dying for the first time. The members of the dissection team not only study anatomy but also learn to deal with this special issue. At no other time medical students will have such a close contact to their classmates and teachers again.”


Professor Friedrich Paulsen (born 1965 in Kiel) passed the ‘Abitur’ in Brunswick and trained successfully as a nurse. After studying human medicine in Kiel, he became scientific associate at the Institute of Anatomy, Department of Oral and Maxillofacial Surgery and the Department of Otolaryngology, Head and Neck Surgery of the Christian-Albrechts-Universität Kiel. In 2002, together with his colleagues, he was awarded the Teaching Award for outstanding teaching in the field of anatomy at the Medical Faculty of the University of Kiel. On several occasions he gained work experience abroad in the academic section of the Department of Ophthalmology, University of Bristol, UK, where he did research for several months.


From 2004 to 2010 as a University Professor, he was head of the Macroscopic Anatomy and Prosector Section at the Department of Anatomy and Cell Biology of the Martin-Luther-Universität Halle-Wittenberg. Starting in April 2010, Professor Paulsen became the Chairman at the Institute of Anatomy II of the Friedrich-Alexander-Universität Erlangen. Since 2006, Professor Paulsen is a board member of the Anatomical Society and 2009 he was elected the general secretary of the International Federation of Associations of Anatomy (IFAA).


His main research area concerns the innate immune system. Topics of special interest are antimicrobial peptides, trefoil factor peptides, surfactant proteins, mucins, corneal wound healing, as well as stem cells of the lacrimal gland and diseases such as eye infections, dry eye, or osteoarthritis.
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Prof. Dr. Jens Waschke


More Clinical Relevance in Teaching





From March 2011 on, Professor Jens Waschke is Chairman of department I at the Institute of Anatomy and Cell Biology at the Ludwig-Maximilians-Universität(LMU) Munich. “For me, teaching at the department of vegetative anatomy, which is responsible for the dissection courses of both Munich’s large universities LMU and TU, emphasizes the importance of teaching anatomy with clear clinical relevance,” says Jens Waschke.


“The clinical aspects in the Atlas introduce students to anatomy in the first semesters. At the same time, it indicates the importance of this subject for future clinical practice, as understanding human anatomy means more than just memorization of structures.”


Professor Jens Waschke (born in 1974) habilitated in 2007 after graduation from Medical School and completing a doctoral thesis in Anatomy at the University of Wuerzburg. From 2003 to 2004 he joined Professor Fitz-Roy Curry at the University of California in Davis for a nine months research visit. In 2006, Jens Waschke was awarded the Investigator Prize of the “Anatomische Gesellschaft” (Anatomical Society).


Starting in June 2008, he became the Chairman of the newly established department III at the Institute of Anatomy and Cell Biology at the University of Wuerzburg. In March 2011, Professor Jens Waschke changed to the Ludwig-Maximilians-Universität (LMU) in Munich to become Chairman of department I of the “Anatomische Anstalt” as the successor of Professor Reinhard Putz, the former editor of Sobotta Atlas.


His main research area concerns cellular mechanisms that control the adhesion between cells and the cellular junctions establishing the outer and inner barriers of the human body. The attention is focused on the regulations of the endothelial barrier in inflammation and the mechanisms, which lead to the formation of fatal epidermal blisters in pemphigus, an autoimmune skin disease. The goal is to gain a better understanding of cell adhesion as a basis for the development of new therapeutic strategies.
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Vorwort


In the preface to the first edition of his Atlas, Johannes Sobotta wrote in May 1904: “Many years of experience in anatomical dissection led the author to proceed with the presentation of the peripheral nervous system and the blood vessels such that the illustrations of the book are presented to the student exactly in the same manner as body parts are presented to them in the dissection laboratories, i.e. simultaneous presentation of blood vessels and nerves of the same region. Alternating descriptive and image materials are distinctive features of this atlas. The images are the core piece of the atlas. Apart from table legends, auxiliary and schematic drawings, the descriptive material includes short and concise text parts suitable for use of this book in the gross anatomy laboratory.”


As with fashions, reading and study habits of students change periodically. The multimedia presence and availability of information as well as stimuli are certainly the main reasons of ever changing study habits. These developments and changing demands of students to textbooks and atlases, which they utilise, as well as the availability of digital media of textbook contents, is accounted for by editors and publishers. Apart from interviews and systematic surveys of students, the textbook sector is occasionally an indicator enabling the evaluation of expectations of students. Detailed textbooks with the absolute claim of completeness are exchanged in favour of educational books that are tailored to the didactic needs of students and the contents of the study of human medicine, dentistry, and biomedical sciences, as well as the corresponding examinations. Similarly, illustrations in atlases such as the Sobotta, which contain exact naturalistic depiction of real anatomical specimens, fascinate doctors and associated medical professions for many generations throughout the world. However, students sometimes perceive them as too complicated and detailed. This awareness requires the consideration of how the strength of the atlas, which is known for its standards of accuracy and quality during its centennial existence featuring 14 editions, can be adapted to modern educational concepts without compromising the oeuvre’s unique characteristics and authenticity. Elsevier and the editors Professor Reinhard Putz and Professor Reinhard Pabst, who were in charge of the atlas up to its 14th edition, have concluded after due consideration that a new editorial team resembling the great enthusiasm for anatomy and anatomy lessons of colleagues Putz and Pabst, will meet the new/increased requirements best. Together with the Elsevier publishing house, we are extremely pleased to be charged with the new composition of the 15th edition of Sobotta. In redesigning, a very clear outline of contents and a didactic introduction to the pictures was taken into account. Not every fashion is accompanied with something entirely new. Under didactical aspects we have revisited the old concept of a three-volume atlas, as used in Sobotta’s first edition, with: General Anatomy and Musculoskeletal System (vol. 1), Internal Organs (vol. 2), and Head, Neck, and Neuroanatomy (vol. 3). Referring back to the approach mentioned in the preface of the first edition, which is devoted to an old trend of combining the image atlas with explanatory text, is currently en vogue, which we have adopted in a modified fashion. Each image is accompanied by a short explanatory text, which serves to introduce students to the image, explaining why the particular preparation and presentation of a region was selected. The individual chapters were systematically organised in terms of current subject matter and prevailing study habits; omitted and incomplete illustrations – particularly the systematics of the neurovascular pathways – were supplemented or replaced. The majority of these new figures are conceptualised to facilitate studying the relevant pathways of blood supply and innervation by didactical aspects. We have also reviewed many existing figures, reduced figure legends, and highlighted keywords by bold print to simplify access to the anatomical contents. Numerous clinical examples are used to enhance the “lifeless anatomy”, present the relevance of anatomy for the future career to the student, and provide a taste of what’s to come. Introductions to the individual chapters received a new conceptual design, covering in brief a summary of the content, the associated clinical aspects, and relevant dissection steps for the covered topic. It serves as a checklist for the requirements of the Institute of Medical and Pharmaceutical Examination Questions (IMPP) and is based on the German oral part of the preclinical medical examination (Physikum). Also new are brief introductions to each topic in embryology and the online connections of the atlas with the ability to download all images for reports, lectures, and presentations. We want to emphasize two points:




1. The “new” Sobotta in the 15th edition is not a study atlas, claiming completeness of a comprehensive knowledge and, thus, does not try to convey the intention to replace an accompanying textbook.


2. No matter how good the didactic approach, it cannot relieve the students of studying, but aid in visualization. Anatomy is not difficult to study, but very time-consuming. Sacrificing this time is worthwhile, since physicians and patients will benefit from it.





The goal of the 15th edition of Sobotta is not only to facilitate learning, but also to make learning exciting and attracting, so that the atlas is consulted during the study period as well as in the course of professional practice.


Erlangen and Wuerzburg, summer 2010, exactly 106 years after the first edition.


Friedrich Paulsen and Jens Waschke
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The Head – Leading from the Top


The skeleton of the head (caput/cephalon), i.e. the skull (cranium), consists of two parts: the facial bones (viscerocranium) and the skull (neurocranium). The border between the two – the roof of one and the floor of the other – is the base of the skull, which lies roughly in an oblique plane defined by the eyebrows, the external opening of the outer ear canal and the base of the occiput.



Skull Cap (Calvaria) and Scalp


The highly arched calvaria (skull cap, cranial cap) forms a longitudinal oval dome over the cranial base and protects the cranial cavity, in which the brain (cerebrum) surrounded by hard and soft meninges floats in the cerebrospinal fluid (CSF). The calvaria is divided in frontal, parietal, temporal, and occipital regions formed by identically named bones (frontal, parietal, temporal and occipital bone).


The skin of the calvaria is tough (“scalp”) and firmly adherent to a flat tendon, which spans from the forehead to the occiput. This tendon (epicranial aponeurosis) is part of the occipitofrontalis, a mimic muscle that raises eyebrows and wrinkles the skin of the forehead horizontally. Skin and tendon are movable on the skull cap and can be relatively easily lifted off and removed as the scalp. Vascular injuries of the scalp can lead to a severe but usually not-life threatening bleeding.






Skull Base


The base of the skull forms the roof of the two orbits and the nasal cavity, but also the roof of the throat (pharynx, reaching up to the base of the skull) and the base of the occiput which articulates at the occipital foramen (foramen magnum) with the first cervical vertebra. Numerous foramina, canals, and fissures cover the cranial base and serve as passageways for many nerves and blood vessels. At the bottom side of the skull base, pointing towards the viscerocranium, numerous processes, spines, and notches are present, to which muscles and ligaments are attached. The upper side of the skull base, the floor of the neurocranium, is less irregular and resembles terraces on three floors: the top floor, the anterior cranial fossa, is positioned above the orbits. One step down, the middle cranial fossa is located at the level of the temporal bones. The last step leads down into the posterior cranial fossa with the foramen magnum.






Facial Bones and Cavities


The largest facial bone, the maxillary bone (maxilla), is placed in the center of the viscerocranium. The maxilla forms the floor of the orbits most of the sidewalls of the nasal cavity, the anterior part of the palate, and carries the maxillary row of teeth. Like many other bones of the skull, the maxilla is “pneumatized”, i.e. it is hollow and filled with air which is drawn from the nasal cavity (maxillary sinus, paranasal sinuses). Besides the maxilla, half a dozen other smaller bones are involved in the construction of the viscerocranium.


Breathing, smelling, tasting, chewing, swallowing, speaking, seeing, and being seen – these are the tasks of the organs that are supported and protected by the viscerocranium.


The eyes and their auxiliary apparatus (visual system, → p. 98) are responsible for vision. Being seen is the responsibility of the facial muscles. The permanent activity of these muscles, which do not control bones but the facial skin, is responsible for the formation of wrinkles.


The olfactory sense is up to the nose, even though it only performs it with its smallest part, the olfactory epithelium at the roof of the nasal cavity under the base of the skull. The outer cartilage-framed nasal vestibule and the far more spacious bony inner nasal cavity serve for breathing: Through the inner nostrils (choanae), the nasal cavity opens behind the throat (pharynx) which in turn communicates much more caudally with the larynx and the windpipe (trachea).


Biting, chewing, talking, tasting, and swallowing are the functions of the oral cavity and the accompanying organs. Similar to the nose, the oral cavity also has a vestibule, the space between lips and cheeks on one side and the teeth on the other side.


Behind the teeth lies the larger oral cavity proper which is almost completely filled by the tongue at a closed bite. At its posterior aspect, the oral cavity opens towards the pharynx and, at the price of choking, the respiratory tract and ingestive tract cross here. The roof of the mouth, the palate, also forms the floor of the nasal cavity. In the front, the palate is rigid and bony, while dorsally towards the pharynx it becomes soft, flexible, and muscular. The uvula dangles from the soft part of the palate. The floor of the mouth, which is surrounded by the movable mandible and which carries the tongue, is made of muscle plates. During speech almost all of these structures act together (along with many other structures), whereby the nose is used as an additional resonator.


Two pits of the facial skeleton are important: If one removes (first imaginary, later on in reality during the dissection sessions) the ascending bony branch of the mandible (ramus of mandible), which leads to the temporomandibular joint, one enters the soft tissues of the lateral aspect of the head from “behind the cheek” and enters a space that is referred to as the infratemporal fossa. Positioned in this region are masticatory muscles (medial and lateral pterygoid) and several branches of nerves. In addition, the terminal branches of the large external carotid artery lead towards the center of the viscerocranium.


In the direction of the orbit, the infratemporal fossa extends further inwards and cranially into a wider space, the pterygopalatine fossa. It is essential to locate this cavity during dissection and its contents and multiple pathways are important to remember. This cavity is a “key distributor” for vessels and nerves of the viscerocranium. Since it is hidden and its anatomy is extremely complex, all anatomists adore it and like to examine students on it.






Clinical Remarks


Ailments and injuries of the head are frequent events; however, diseases affecting the skull base are rare. Common to all is the fact that they are often life-threatening. Since the head is an anatomically complex system, consultation by a variety of medical experts is required to ensure optimal care of the patient. This team of experts includes medical disciplines like otolaryngology, head and neck surgery, neurosurgery, oral, dental, facial and plastic surgery, ophthalmology, radiation therapy, and diagnostic radiology and neuroradiology. Some patients with a severe head-related ailment (e.g. unclear headache or impaired blood perfusion in a region of the brain stem resulting in vertigo and nausea) have experienced an odyssey of referrals from one doctor to the next before encountering the one physician or, even better, a team of medical experts who identify the problem and are able to help this patient. As a response to this, some university medical centers now offer a co-ordinated, multidisciplinary team approach to provide quality treatment and follow-up for such patients. Thus, therapeutic strategies are discussed and co-ordinated among the members of the different medical disciplines involved in each particular case in order to provide the most optimal patient care and allow for a speedy recovery of the patient.





→ Dissection Link


The dissection of the superficial facial region at the lateral sagittal plane of the head (head in a lateral position) is showing the facial arteries and veins, muscles of facial expression, all branches of the facial nerve, and the peripheral branches of the trigeminal nerve.


The dissection of the deep facial region includes the removal of the parotid gand, the presentation of the parotid plexus (facial nerve [VII]), the dissection of the retromandibular fossa, the representation of all four masticatory muscles, and the demonstration of the course of the maxillary artery up to its terminal branches, as well as the preparation of the temporomandibular joint with presentation of the articular disc and identification of the chorda tympani.


Dissection of the midsagittal planes of the head (head in medial position): The dissection of the nasal septum with its cartilaginous and bony parts as well as the olfactory nerves and the nasopalatine nerve is followed by the removal of the nasal septum and the presentation of the lateral nasal wall with openings of the paranasal sinuses and the nasolacrimal duct. The pterygopalatine fossa is opened and its contents are displayed. Finally, the sphenopalatine artery at the sphenopalatine foramen is located, followed by the full dissection of the oral cavity with representation of the submandibular and sublingual glands, lingual, hypoglossal, and glossopharyngeal nerves, as well as the dissection of the palatal muscles beneath the auditory tube cartilage, and of the tonsillar fossa.
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EXAM CHECK LIST


• Development: neurocranium, viscerocranium, cranial nerves, sensory organs, face, cranium with calvaria, base of the skull, exit points with penetrating structures, temporomandibular joint and infratemporal fossa • head and neck muscles, fascia and facial muscles, masticatory muscles, fascia of the head, hyoid bone and suprahyal muscles • components of the head: nasal cavity (with orifices), paranasal sinuses, topographic relationships, oral cavity, teeth, tongue, glands of the mouth, palate and function of the soft palate (cleft formation), isthmusof fauces, WALDEYER’s tonsillar ring, tonsils, pharynx, pterygopalatine fossa, innervation and supply of all structures, facial paralysis and course of the cranial nerves [V, VII–XII]









Overview





Regions of head and neck
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Fig. 8.1 Regions of the head and neck; frontal view.

The head is divided into the following topographic regions:




frontal region


temporal region


orbital region


nasal region


infraorbital region


zygomatic region


oral region


buccal region


mental region


parietal region


occipital region


parotideomasseteric region





The neck is divided into the following topographic regions:




anterior cervical region, composed of submental, submandibular, carotid, and muscular (omotracheal) triangle


sternocleidomastoid region with lesser supraclavicular fossa


lateral cervical region with omoclavicular triangle


posterior cervical region
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Fig. 8.2 Regions of the head and neck; lateral view.















Skeleton and joints





Skull
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Fig. 8.3 Skull, cranium; frontal view.

From bottom to top one can see the lower jaw or mandible, the two upper jaws or maxillary bones, the nasal bones located between the maxillary bone and the orbit as well as the frontal bone above the orbit. The frontal bone consists of four parts (→ Fig. 8.23). Above the supra-orbital margin the bilateral superciliary arch bulges out. A part of the frontal bone protrudes medially downwards and forms a portion of the medial margin of the orbit. At the lateral aspect, the zygomatic process has contact with the frontal process of the zygomatic bone. Both form the lateral margin of the orbit.

The zygomatic bone constitutes the major part of the lateral and lower margins of the orbit.

The pair of nasal bones is connected to the frontal bone by the frontonasal suture and to each other by the internasal suture.
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Fig. 8.4 LE FORT’s fractures.









Clinical Remarks


Car accidents are among the most frequent causes of midfacial fractures, which are classified according to LE FORT (→ Fig. 8.4):




• LE FORT I: horizontal fracture line with isolated detachment of the maxillary alveolar rim (“floating palate”)


• LE FORT II: pyramidal fracture line involving the maxillary bone in the region of the floor of the orbit; involvement of the ethmoidal bones, anterior skull base, and nasal bones is also possible


• LE FORT III: transverse fracture line with craniofacial dissociation













Skull bones
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Fig. 8.5 Skull bones; frontal view; color chart see inside of the back cover of this volume.

The upper jaw or maxillary bone (maxilla) is located between the orbit and the oral cavity. The maxillary bone participates in the formation of the lower and medial margins of the orbit and has a lateral border with the zygomatic bone. The frontal process of the maxilla connects with the frontal bone. The infraorbital foramen is located below the lower margin of the orbit in the body of the maxillary bone. The anterior nasal spine protrudes in the midline. The alveolar process creates the lower margin of the maxilla and supports the teeth. In the orbit, the maxilla creates the lower margin of the inferior orbital fissure and, together with the zygomatic bone, forms the lateral margin of the orbit.

The lower jaw or mandible consists of a body and the rami of mandible, which merge in the mandibular angle. The body of mandible is composed of the alveolar parts with teeth and the base of mandible beneath. The latter protrudes in the midline as mental protuberance. In addition, the mental foramen is shown.









Clinical Remarks


Fractures of the nasal bone and the supporting cartilaginous nasal framework are among the most frequent fractures of the facial region. One can distinguish closed and open nasal fractures. Open fractures involve bony parts piercing through the skin and soft tissue. The nasal septum and nasal conchae can also be affected. Fractures of the nasal framework are typically a result of violent physical disputes, car accidents, martial arts like karate, boxing, and of a variety of team sports.
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Fig. 8.6 Skull bones; lateral view; color chart see inside of the back cover of this volume.

The lateral view displays parts of the frontal, parietal, occipital, sphenoidal, and temporal bones, parts of the viscerocranium (nasal, lacrimal, maxillary, and zygomatic bones) as well as the lateral side of the lower jaw (mandible).

In the viscerocranium, the nasal bone has its cranial and posterior borders with the frontal bone and the maxilla, respectively. The upper part of the lacrimal bone forms the fossa for lacrimal sac between maxilla and ethmoidal bone. The alveolar process of the maxilla contains the upper teeth. The medial aspect of the maxilla connects with the frontal bone, its lateral aspect contacts the zygomatic bone. The anterior nasal spine protrudes in the anterior midline. The zygomatic bone is responsible for the contour of the region of the cheek.

The head of mandible articulates with the temporal bone in the temporomandibular joint.

In its upper frontal aspect, the frontal bone is connected with the parietal bone and the sphenoidal bone via the coronal suture. The parietal bone connects with the occipital bone in the lambdoid suture and with the sphenoidal bone in the shenoparietal suture. The sphenoidal bone and the temporal bone form the sphenosquamous suture. The temporal and occipital bones connect in the posterior occipitomastoid suture. The major part of the lateral wall of the skull is formed by the squamous part of the temporal bone.

The temporal bone and the zygomatic bone form the zygomatic arch, which bridges the temporal fossa. The tympanic part of the temporal bone is located below the base of the zygomatic process and directly adjacent to the squamous part. At its surface lies the external acoustic opening.
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Fig. 8.7 Reference lines for the teeth.
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Fig. 8.8 Skull bones; superior view; color chart see inside of the back cover of this volume.

A view on the upper part of the skull (skull cap, calvaria) reveals the frontal bone, the parietal bones, and the occipital bone. The frontal bone and the parietal bones are separated by the coronal suture. Both parietal bones meet at the sagittal suture. The occipital bone connects with the two parietal bones by the lambdoid suture. The contact point between the coronal and sagittal sutures is called bregma, the contact point of the sagittal and lambdoid sutures is named lambda. In the dorsal part of the parietal bones and bilaterally in close proximity to the sagittal suture are the paired parietal foramina for the passage of the emissary veins.









Clinical Remarks


Extensive external physical force can lead to skull fractures. Skull fractures are further differentiated into:




• linear fractures presenting with clear fracture lines


• split skull fractures with multiple bony fragments (impression fracture with inward pointing bony parts which can cause a compression or tear of the Dura mater as well as an injury to brain tissue)


• diastatic fractures (with fracture lines including sutures and result in a widening of the suture)


• basal skull fractures.





All fractures associated with an open wound of the skin of the head and fractures involving the paranasal sinuses or the middle ear are considered to be open fractures with a risk of infection. They require a surgical intervention.
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Fig. 8.9 Skull bones; posterior view; color chart see inside of the back cover of this volume.

This view from the posterior side shows the temporal, parietal, and the occipital bones. To both sides of the temporal bone the mastoid process is visible. At the lower medial margin of the mastoid process lies the mastoid notch; this notch serves as attachment point for the posterior belly of the digastric muscle.

Shown from posterior, both parietal bones meet in the midline in the sagittal suture, connect posteriorly with the occipital bone in the lambdoid suture, and are separated laterally from the temporal bones by the parietomastoid suture.

The occipital bone occupies most of the posterior part of the skull. The central structure is the squamous part of occipital bone. Frequently, sutural bones are found along the lambdoid suture. The external occipital protuberance is an easily palpable bony reference point on the occipital bone. Its most protruding point is the inion. The protuberance extends bilaterally in an arch-shaped line as superior nuchal line, a bony crest which serves for the attachment of the autochthonous (intrinsic) muscles of the back. At approximately 2–2.5 cm below the external occipital protuberance, the inferior nuchal line runs in a similar arch-shaped fashion, serving as additional attachment sites for muscles.
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Fig. 8.10 Skull bones, right side; medial view; color chart see inside of the back cover of this volume.

The cranial cavity includes the skull cap (calvaria) and the base of the skull which is composed of the anterior, middle, and posterior cranial fossae. The cranial cavity surrounds the brain with its meninges and encloses the proximal portion of the cranial nerves, including the blood vessels and the venous sinuses. On the inside of the cranial cavity, the pulsations of the medial meningeal artery have carved out grooves for arteries. The perpendicular plate of the ethmoidal bone and the vomer, the bony part of the nasal septum, are located at the transition region from neurocranium to viscerocranium. The palatine processes of the maxillary and palatine bone form the hard palate.
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Fig. 8.11 Roof of the skull, calvaria; inner aspect; color chart see inside of the back cover of this volume.

The inside of the skull cap reveals the coronal suture between frontal bone and parietal bones and the lambdoid suture between parietal bones and occipital bone. Also visible at the inside of the frontal bone is the frontal crest which serves as an attachment for the falx cerebri (duplication of the dura mater composed of tough fibrous tissue; separates both cerebral hemispheres). The frontal crest transitions into the groove of the superior sagittal sinus (location of the superior sagittal sinus) which becomes wider and deeper in its posterior part. It extends across the lambdoid suture onto the occipital bone.

Bilaterally and alongside the entire length of the groove of the superior sagittal sinus, irregularly grouped small depressions (granular foveolae, location of the cauliflower-like arachnoid granulations [PACCHIONIAN granulations]) are identified. The lateral part of the calvaria contains multiple arterial and venous grooves.

The bones of the calvaria possess a special structure. They consist of a thick outer and thin inner compact layer, named external and internal table, and a thin layer of spongiosa, known as diploë.









Clinical Remarks


The internal table of the calvarian bones is thin and can be easily damaged by external forces that result in a bending fracture of the table. If thereby branches of the medial meningeal artery (which course in the groove for medial meningeal artery of the internal table) are injured, an epidural hematoma may occur (→ Fig. 12.11).










Inner aspect of the base of the skull





[image: image]


Fig. 8.12 Inner aspect of the base of the skull; superior view; color chart see inside of the back cover of this volume.

The anterior, middle, and posterior cranial fossae form the inner base of the skull. The frontal, ethmoidal, and sphenoidal bones participate in the structure of the anterior cranial fossa. The latter is located above the nasal cavity and orbit and contains the foramen cecum, the crista galli (attachment point for the falx cerebri), and the bilateral cribriform plate. Posterior to the frontal bone and ethmoidal bones, the body and the lesser wings of the sphenoidal bone form the base of the anterior cranial fossa. The body also forms the border to the middle cranial fossa.

The middle cranial fossa is composed of the sphenoidal and temporal bones. Its floor is elevated in the midline, and at this point it becomes part of the body of the sphenoidal bone. The pit-shaped lateral portions are parts of the greater wing of the sphenoidal bone and the squamous part of the temporal bone. Located in the middle cranial fossa are the saddle-shaped sella turcica with the hypophysial fossa and, on both sides the optic canal, the superior orbital fissure, and the foramina rotundum, ovale, spinosum, and lacerum. The anterior surface of petrous part demarcates the posterior aspect of the middle cranial fossa.
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Fig. 8.13 Inner aspect of the base of the skull; superior view.

Of the three cranial fossae, the posterior cranial fossa is the biggest. It is composed of the temporal bones, the occipital bone, and, to a smaller extent, of the sphenoidal bone and the parietal bones.

In the midline, its anterior margin is formed by the dorsum sellae and the clivus. The clivus is an oblique bony rim, which creates a slope from the dorsum sellae to the foramen magnum. The clivus is composed of parts of the body of the sphenoidal bone and the basilar part of the occipital bone. The posterior aspect of the posterior cranial fossa consists mainly of the groove for transverse sinus. The foramen magnum is the largest opening of the posterior cranial fossa.

Additional structures of the posterior cranial fossa include the hypoglossal canal, the internal acoustic pore, and the jugular foramen. The groove for sigmoid sinus approaches the jugular foramen from lateral. The central depression in the posterior cranial fossa is the cerebellar fossa.










Outer aspect of the base of the skull
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Fig. 8.14 Outer aspect of the base of the skull; inferior view.

The cranial base extends to the middle incisors in the front, bilaterally to the mastoid process and the zygomatic arch, and to the superior nuchal lines in the back. The cranial base divides into three compartments:




• anterior compartment with upper teeth and hard palate


• middle compartment posterior to the palate up to the anterior margin of the foramen magnum


• posterior compartment from the anterior margin of the foramen magnum to the superior nuchal lines







Anterior cranial base: encompasses the palate (→ Fig. 8.26).

Middle cranial base: the anterior part of this middle compartment is composed of the vomer and the sphenoidal bone; the temporal bones and the occipital bone form the posterior part. The vomer is located in the frontal part of the midline, rides on the sphenoidal bone, and constitutes the posterior part of the nasal septum.

The sphenoidal bone is composed of a central body and the paired greater and lesser wings (not visible from below).

Following directly the body of the sphenoidal bone is the basilar part of the occipital bone, which represents the beginning of the posterior cranial base. The basilar part extends up to the foramen magnum. Here, the pharyngeal tubercle protrudes. It constitutes the bony attachment point for parts of the pharynx.

(continuation → Fig. 8.15)
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Fig. 8.15 Outer aspect of the base of the skull; inferior view.

Middle cranial base (continuation of → Fig. 8.14): The sulcus of auditory tube is positioned at the border between the greater wing of the sphenoidal bone and the petrous part of the temporal bone and forms the entrance into the bony part of the auditory tube (→ p. 145). The bony canal continues through the petrous part of the temporal bone to the tympanic cavity. Located laterally is the squamous part of the temporal bone which is involved in the formation of the temporomandibular joint. The mandibular fossa is part of the articular surface of the temporomandibular joint (→ pp. 36–39). The articular tubercle is located at the anterior margin of the mandibular fossa.

Posterior cranial base: The posterior compartment extends from the anterior margin of the foramen magnum to the superior nuchal lines and consists of parts of the occipital and temporal bones. Each of the paired lateral parts possesses an occipital condyle for the articulation with the atlas. Located behind the condyle is the condylar fossa, which contains the condylar canal; anterior to the condyle the hypoglossal canal is situated. Immediately lateral thereof lies the jugular foramen.










Foramina of the outer base of the skull
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Fig. 8.16 Outer aspect of the base of the skull with foramina; inferior view; color chart see inside of the back cover of this volume.









Clinical Remarks


In basilar skull fractures the fracture lines traverse the openings at the base of the skull. Thus, blood vessels and nerves passing through these openings can be injured with resulting nerve palsies and bleedings as frequent complications. In addition, basilar skull fractures can involve the frontal, sphenoidal, and ethmoidal sinuses (cerebrospinal fluid [CSF] and/or blood exiting through the nose). Lateral basilar skull fractures often involve the petrous bone (CSF exiting from the outer ear canal).









Foramina of the Outer Base of the Skull and their Content


[image: Image]









Foramina of the inner base of the skull






Foramina of the Inner Aspect of the Base of the Skull and their Content
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Fig. 8.17 Inner aspect of the base of the skull with foramina; superior view; color chart see inside of the back cover of this volume.









Development of the skull
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Fig. 8.18 and Fig. 8.19 Skull of a newborn; frontal (→ Fig. 8.18) and lateral (→ Fig. 8.19) views; color chart see inside of the back cover of this volume.

At birth, the newborn has six fontanelles, two unpaired (anterior and posterior fontanelle) and two paired (sphenoidal and mastoid fontanelles). During delivery, sutures and fontanelles serve as reference structures to assess the location and position of the fetal head. Shortly before birth, the posterior fontanelle becomes the leading part of the head in the case of a normal cephalic presentation.

In concert with the sutures, the fontanelles allow a limited deformation of the fetal skull during delivery. The remarkable postnatal growth results in the fontanelles becoming rapidly smaller and complete closure will occur by the end of the third year of life.
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Fig. 8.20 Skull of a newborn; superior view; color chart see inside of the back cover of this volume.

At birth, the bony plates of the skull cap (calvaria) are still separated by the interstitial tissue located in the cranial sutures. The sutures are widened to fontanelles in regions where more than two bones meet. During life, most sutures, fontanelles, and synchondroses ossify. Important sutures include the lambdoid suture, frontal suture, sagittal suture, and coronal suture which gradually fuse up to about 50 years of age (the frontal suture already between the first and second year of life).









Fontanelles



	Fontanelle
	Number
	Closure [month of life]




	Anterior fontanelle (large fontanelle)
	1
	Approx. 36



	Posterior fontanelle (small fontanelle)
	1
	Approx. 3



	Sphenoidal fontanelle (anterior lateral fontanelle)
	Paired
	Approx. 6



	Mastoid fontanelle (posterior lateral fontanelle)
	Paired
	Approx. 18
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Fig. 8.21 Skull, cranium, of a newborn; posterior inferior view; color chart see inside of the back cover of this volume.

The development of the skull involves a desmal and an enchondral ossification mode (→ table). The mesenchyme of the head is the primordial building material that derives from the prechordal mesoderm, the occipital somites, and the neural crest. At the time of birth, some cranial bones are linked by cartilaginous joints (cranial synchondroses).









Ossification Mode of the Skull Bones
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Craniostenoses
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Figs. 8.22a and b Craniostenoses; child with scaphocephalus. [20] This clinical picture is the result of a premature closure of the sagittal suture. The skull cap is disproportionally long.




a. superior view


b. view from the right side












Clinical Remarks


A dysostosis is a deviation from normal bony growth. The premature closure of one or more sutures results in craniosynostoses. Premature closure of the sagittal suture results in the extension of the skull in the frontal and occipital region. The skull becomes longer and narrower (scaphocephaly). The premature closure of the coronal sutures results in acrocephaly (also named turricephaly). Asymmetric craniosynostosis (plagiocephaly) results from unilateral premature occlusion of the coronal and lambdoid sutures. Microcephaly results from impaired growth of the brain because the growth of the skull bones adjusts to the size of the brain. Thus, small brain size causes an underdeveloped neurocranium and mental retardation in children with microcephaly.









Frontal and ethmoidal bones
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Fig. 8.23 Frontal bone; frontal view; color chart see inside of the back cover of this volume.

Located most anterior in the skull cap, the frontal bone participates in the formation of the walls of the orbital and nasal cavity. The unpaired frontal bone has four parts:




• the unpaired squamous part


• the paired orbital parts and


• the unpaired nasal part







Above the upper margin of the orbit (supra-orbital margin) the prominent superciliary arch protrudes, a phenotype commonly more developed in men than in women. In the midline between the two arches, the bone is flat and creates the glabella (area between the eyebrows). Frequently, a supraorbital foramen, more rarely a frontal notch, is present at the medial margin of the orbit.
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Fig. 8.24 Frontal bone, ethmoidal bone, and nasal bones; inferior view; color chart see inside of the back cover of this volume.

The ethmoidal bone and nasal bones connect with the frontal bone in a medial anterior and caudal position and form part of the nasal skeleton. The frontal sinus is located within the frontal bone.









Upper jaw and palatine bone
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Fig. 8.25 Upper jaw, maxilla, right side; lateral view.

The upper jaw can be divided into the body of maxilla, frontal process (connects with the frontal bone), zygomatic process (connects with the zygomatic bone), palatine process (anterior part of the palate, → Fig. 8.26), and alveolar process. The latter creates the lower margin of the maxilla and is composed of the dental alveoli which contain the roots of the teeth. The protruding anterior rim of these dental sockets are named alveolar yokes. The infraorbital foramen is located in the body of maxilla, immediately below the lower orbital margin.









[image: image]


Fig. 8.26 Upper jaw, maxilla, and palatine bone, right side; medial view into the maxillary sinus; color chart see inside of the back cover of this volume.

Posterior to the maxilla lies the palatine bone which is composed of two plates: The horizontal plate creates the posterior part of the palate (bony palate), the perpendicular plate extends vertically upright (perpendicular to the horizontal plate) and is the posterior medial margin of the maxillary sinus.










Nasal cavity
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Fig. 8.27 Bony septum of the nose; lateral view; color chart see inside of the back cover of this volume.

The perpendicular plate of the ethmoidal bone and the vomer create the bony septum of the nose. The ethmoidal bone is located between the frontal bone and the maxilla and is also connected with the nasal, lacrimal, sphenoidal, and palatine bones. At its top, the ethmoidal bone forms the crista galli. Perforated with multiple holes, the cribriform plate is the roof of the nasal cavity and part of the floor of the anterior cranial fossa. The perpendicular plate of the ethmoidal bone is located below the crista galli, divides the bony labyrinth of the ethmoidal bone into a right and left part, and constitutes the upper part of the bony nasal septum.

The vomer forms the largest part of the bony nasal septal skeleton. This flat and trapezoid bone connects cranially with the perpendicular plate of the ethmoidal bone and at its posterior aspect via the ala of vomer with the sphenoidal bone. Caudally, the cuneiform part of vomer borders at the palatine process of the maxilla and at the horizontal plate of the palatine bone.









Clinical Remarks


Traumatic events (punched nose or falls onto the nose) or abnormal growth of the maxilla can cause a septum deviation. More than 60% of the population has at least a mild septum deviation. Septum deviations mainly impair breathing through the nose. This can affect the ability of the nose to warm up, clean, and moisturize the air passing through the nose. In turn, patients with impaired nasal breathing are forced to breathe through their mouth, which results in snoring and an increased susceptibility for infections. Insufficient ventilation of the paranasal sinuses may cause sinusitis with postnasal drip and potential inflammation of the larynx and the bronchial tree. At an advanced age, this can lead to hypoxia and subsequently results in cardiovascular diseases.
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Fig. 8.28 Lateral wall of the nasal cavity, right side; view from the left side; color chart see inside of the back cover of this volume.

The view onto the lateral wall of the nasal cavity reveals the roof created by the cribriform plate of the ethmoidal bone which also forms the superior and middle nasal concha. The upper nasal passage (superior nasal meatus) is located between the two nasal conchae. Below sits the inferior nasal concha as a separate bone.
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Fig. 8.29 Lateral wall of the nasal cavity, right side; medial view after the middle nasal concha was removed; color chart see inside of the back cover of this volume.

Beneath the middle nasal concha, a thin bony lamella, the uncinate process, is part of the ethmoidal bone. It provides only an incomplete closure of the medial wall of the maxillary sinus. Many openings remain above and below the uncinate process and one of them is the maxillary hiatus.

The maxilla and the palatine bone create the floor and parts of the lateral wall (floor: horizontal plate; lateral wall: perpendicular plate). The lacrimal bone is also part of the lateral wall and contributes to the anterior margin of the maxillary sinus. The inferior nasal concha is anchored to all of these three bones and divides the nasal wall in a middle (medial nasal meatus) and an inferior nasal passage (inferior nasal meatus) which are located above and below this nasal concha, respectively.










Hard palate
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Fig. 8.30 Hard palate; maxillary sinus, and inferior nasal concha; superior view; color chart see inside of the back cover of this volume.

The hard palate represents a horizontal bony plate created by the maxilla and the palatine bone. It separates the oral front from the nasal cavity. The incisive foramen creates a connection between both cavities. The present image shows the floor of the nasal cavity. Located laterally are the maxillary sinuses.
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Fig. 8.31 Hard palate; inferior view; color chart see inside of the back cover of this volume.

The hard palate is part of the anterior cranial fossa. The teeth are attached to the two maxillary alveolar arches. These arches are the anterior and lateral margins of the hard palate. Its rostral part consists of the palatine processes of the two maxillae and the horizontal plates of the palatine bones in its posterior aspect. In the midline, the palatine processes are connected by the median palatine suture and dorsally they connect via the transverse palatine suture with the palatine bones. The horizontal plates of the palatine bones are connected in the midline by the interpalatine suture (a continuation of the median palatine suture).

Located behind the incisures in the frontal part of the midline are the paired incisive fossae which become the incisive foramina and the incisive canals. Near the posterior margin to both sides of the hard palate are the greater palatine foramina, which become the greater palatine canals, and the lesser palatine foramina. The latter are located in the pyramidal process of the palatine bone and open into the lesser palatine canals. In the posterior aspect of the midline, the posterior nasal spine protrudes as a pointed process of the hard palate.









Orbit and pterygopalatine fossa
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Fig. 8.32 Floor of the orbital cavity, left side; superior view; color chart see inside of the back cover of this volume.

The floor of the orbit is the roof of the maxillary sinus. In it lies the infraorbital sulcus, which becomes a bony canal below the floor of the orbit and ends in the infraorbital foramen. It contains the infraorbital nerve and the corresponding blood vessels. The zygomatic bone forms the lateral part of the floor of the orbit and the medial part is composed of the orbital plate of the ethmoidal and lacrimal bone. Together with the maxilla, the latter creates the fossa of lacrimal gland containing the lacrimal gland. For the orbital cavity → Figs. 9.9 to 9.13 Fig.9.10 Fig.9.11 Fig.9.12 Fig.9.13.
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Fig. 8.33 Pterygopalatine fossa, left side; lateral view; color chart see inside of the back cover of this volume.

The pterygopalatine fossa is the medial continuation of the infratemporal fossa. Its bony margins are the maxilla, the palatine bone, and the sphenoidal bone. This fossa is an important relais station connecting the middle cranial fossa, the orbit, and the nasal cavity. It serves as a conduit for many nerves and blood vessels located in these structures (→ pp. 78 and 79).

The lateral access route to the pterygopalatine fossa is a common surgical strategy for the resection of tumors in this region, such as nasopharyngeal fibroma.










Orbit
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Fig. 8.34 Orbit, left side; frontal view; probe in the infraorbital canal; color chart see inside of the back cover of this volume.

The ethmoidal, lacrimal, palatine, sphenoidal, zygomatic, and maxillary bones create the margins of the orbital cavity. Passages to and from the orbit are the superior and inferior orbital fissures, the optic canal, and the anterior and posterior ethmoidal foramina. Located in the posterior part of the orbital floor, the infraorbital sulcus becomes the infraorbital canal which projects towards the front of the orbit and ends as infraorbital foramen located below the inferior margin of the orbit. Positioned laterally, the zygomatic bone regularly contains a zygomaticofacial foramen. For the orbital cavity → Figs. 9.9 to 9.13 Fig.9.10 Fig.9.11 Fig.9.12 Fig.9.13.
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Fig. 8.35 Viscerocranium; frontal section at the level of the two orbits; frontal view; color chart see inside of the back cover of this volume.

The unpaired ethmoidal bone contains the anterior and posterior ethmoidal cells. The perpendicular plate of the ethmoidal bone lies immediately beneath the crista galli, separates the bony labyrinth of the ethmoidal bone into a right and a left half, and participates in the upper part of the bony nasal septum. At its posterior aspect it is followed by the vomer. The lateral walls of the ethmoidal cells consist of a thin orbital lamina, known as lamina papyracea, constituting the major part of the medial wall of the orbit. The maxillary sinus is located directly below the orbit. The infraorbital canal is located in its roof, which also constitutes the floor of the orbit. The cribriform plate positions clearly below the roof of the orbit. For the orbital cavity → Figs. 9.9 to 9.13 Fig.9.10 Fig.9.11 Fig.9.12 Fig.9.13.









Clinical Remarks


The paper-thin orbital lamina (lamina papyracea) of the ethmoidal bone between the orbit and the ethmoidal sinuses represents no barrier to the spreading of an inflammation from the ethmoidal cells into the orbit which can escalate into an orbital phlegmon. Figure 8.35 demonstrates the close proximity between a roots of a molar tooth and the maxillary sinus. Inflammations of the second premolars and/or the first molars can lead to an odontogenic inflammation of the maxillary sinus (maxillary sinusitis).
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Fig. 8.36 Lateral wall of the orbit, right side; medial view; color chart see inside of the back cover of this volume.

The zygomatic, frontal, sphenoidal, and maxillary bones form the lateral wall of the orbit. The infraorbital canal is depicted clearly in the anterior third of the orbital floor, as is the very thin bony layer separating the orbit from the maxillary sinus. The pterygopalatine fossa is located posteriorly to the maxillary sinus and connects laterally to the infratemporal fossa, cranially to the orbit, and in its inferior aspect connects to the oral cavity via the greater palatine canal. From a posterior cranial position, the pterygoid canal exits into the pterygopalatine fossa.
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Fig. 8.37 Medial wall of the orbit, left side; lateral view; color chart see inside of the back cover of this volume.

The lacrimal bone, the maxilla, and the frontal bone form the anterior part of the medial wall of the orbit, whereas in the posterior part the orbital lamina of the ethmoidal bone (lamina papyracea), the orbital process of the palatine bone, and the sphenoidal bone are placed between the frontal bone and the maxilla. Both, the anterior lacrimal crest of the maxilla and the posterior lacrimal crest of the lacrimal bone provide the margins for a depression (fossa for lacrimal gland) of the lacrimal sac. Located in the medial wall of the orbit are the anterior and posterior ethmoidal foramina and the optic canal. The sphenopalatine foramen is located at the top of the pterygopalatine fossa.










Sphenoidal bone





[image: image]


Fig. 8.38 Sphenoidal bone; frontal view.

The unpaired sphenoidal bone connects the viscerocranium with the neurocranium. Two pairs of wing-shaped bones extend from the body of the sphenoidal bone. The lesser wings sit on the top, the greater wings at the bottom, and below the pterygoid processes project. The center of the sphenoidal bone contains the sphenoidal sinuses. The sphenoidal crest subdivides the anterior part of the body into two halves.
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Fig. 8.39 Sphenoidal bone; posterior view.

The lesser and greater wings of the sphenoidal bone participate in the formation of the superior orbital fissure. On both sides, the pterygoid process divides into a smaller medial lamina and a larger lateral lamina, which create the pterygoid notch and enclose the pterygoid fossa. The pterygoid hamulus is the caudal extension of the medial lamina. At its base, the pterygoid canal perforates the sphenoidal bone and enters into the pterygopalatine fossa.










Sphenoidal bone and occipital bone
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Fig. 8.40 Sphenoidal bone and occipital bone; superior view; color chart see inside of the back cover of this volume.

The center of the sphenoidal bone is composed of the sella turcica with the hypophysial fossa. The Tuberculum sellae creates the anterior rim of the hypophysial fossa and extends laterally into the medial clinoid process. The prechiasmatic sulcus and the jugum sphenoidale (sphenoidal yoke) are located in front of the Tuberculum sellae. The clivus forms the posterior part of the saddle-shaped sella turcica and the posterior clinoid process represents the lateral elevated end of its upper rim. In the region of the sella turcica and at its anterior rim, the optic canal perforates the lesser wing. The foramina rotundum, ovale, and spinosum pierce the greater wing bilaterally in an anterior cranial to posterior caudal direction.

The unpaired occipital bone is composed of the squamous part, two lateral parts, and one basilar part. These four parts delimit the foramen magnum. At the inner surface of the squamous part of occipital bone, the groove of the superior sagittal sinus and the grooves for the transverse sinus meet at the internal occipital protuberance. Further, the grooves for the sigmoid sinus and the occipital sinus are visible at the inner surface. Above and below the occipital protuberance, the inner surface of the squamous part of the occipital bone forms the cerebral fossa and the cerebellar fossa, respectively. Together with the body of the sphenoidal bone, the basilar part of the occipital bone generates the clivus.










Temporal bone
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Fig. 8.41 Temporal bone, right side; lateral view.

The paired temporal bone is part of the viscerocranium and neurocranium. It participates in the formation of the lateral side and the base of the cranium. The squamous part, the tympanic part, and the petrous part (petrous bone) can be distinguished.

Through its parietal border, the squamous part connects with the parietal bone. The zygomatic process protrudes anterior and superior of the meatus and extends in an anterior direction.

The petrous part borders at the parietal and occipital bones. The central outer opening is the external acoustic meatus. Located at its posterior caudal aspect is the mastoid process. Middle and inner ear are located within the petrous part (not visible). Access routes are the internal acoustic meatus, → p. 17), the stylomastoid foramen (→ p. 16) and the musculotubal canal (→ Figs. 10.30 and 10.37).

The tympanic part forms the bony wall of the external acoustic meatus. As a ring-shaped structure, it is associated with the squamous and petrous parts. The tympanic part delimits the external acoustic meatus at its frontal, caudal, and posterior side and extends to the tympanic membrane (→ Figs. 10.15 and 10.25).
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Fig. 8.42 Temporal bone, of a newborn, right side; lateral view; schematic drawing; color chart see inside of the back cover of this volume.

The image displays different parts of the temporal bone: squamous part, petrous part, and tympanic part.










Temporal bone
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Fig. 8.43 Temporal bone, right side; inner aspect.

The petrous part is shaped like a pyramid with its tip (apex of petrous part) directed anterior medial and its base pointing towards the mastoid process. The anterior surface is part of the middle cranial fossa and contains the protruding arcuate eminence; contained within the posterior surface is the internal acoustic pore which constitutes the entrance to the internal acoustic meatus. The posterior surface of the petrous part shows the indentation by the groove of the sigmoid sinus. The mastoid foramen is located here as well. On the inner surface (cerebral surface) of the squamous part the grooves for arteries of the medial meningeal artery are visible.
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Fig. 8.44 Temporal bone, right side; inferior view.

The inferior surface of the temporal bone depresses to become the jugular fossa and, together with the occipital bone, delineates the jugular foramen. The notch at the border between the squamous and petrous part indicates the starting point of the musculotubal canal. In addition, the external opening of the carotid canal and the styloid process are visible. The stylomastoid foramen opens to the lateral posterior side. Just in front of the external acoustic meatus, the squamous part contains the mandibular fossa which, at its rostral aspect, is demarcated by the articular tubercle.










Lower jaw
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Fig. 8.45 Lower jaw, mandible; frontal view.

The unpaired mandible consists of a body of the mandible and two rami. Each ramus divides into a coronoid process and a condylar process. The body of the mandible is composed of the base and the alveolar part separated by the oblique line which descends from the coronoid process in an oblique anterior trajectory. The frontal part of the alveolar part consists of the chin (mentum) with the mental protuberance, the bilateral mental tubercles and the mental foramina.
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Fig. 8.46 Lower jaw, mandible; lateral view. Body and ramus of mandible merge at the angle of mandible.

The head of mandible sits on top of the condylary process.
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Fig. 8.47 Lower jaw, mandible; inner aspect of the mandibular arch.

The mandibular foramen is located at the inside of the ramus of mandible. In front thereof, the mylohyoid line creates a stepwise crest, which serves as an attachment for the mylohyoid muscle and demarcates the level of the floor of the mouth.










Lower jaw
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Fig. 8.48 Lower jaw, mandible; inferior view.

The mental spine is located at the inside of the mandible close to the midline. Bony depressions represent the digastric fossa below and lateral to the mental spine and the sublingual fossa and submandibular fossa above the mental spine. On the inside of the angle of mandible the pterygoid tuberosity is found.
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Fig. 8.49 Lower jaw, mandible, of an old person.

Loss of teeth – particularly at an advanced age – results in a regression of the alveolar part of the mandible. This can progress until the mental foramen becomes located at the upper rim of the toothless lower jaw. The angle of mandible has a much wider angle than in a mandible with dentition.
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Fig. 8.50 Lower jaw, mandible, of a newborn.

In a newborn, the mandibular symphysis connects the two mandibular segments. The angle between the body and ramus of mandible is still very large.









Clinical Remarks


Apart from nasal fractures, fractures of the mandible are common due to its exposed location in the head region. The U-shaped structure explains the various types of mandibular fractures, in particular at the level of the canines and the third molar teeth. Extravasated blood from the mandible collects in the loose tissue of the floor of the mouth, results in small spotted bleeding under the skin (ekchymoses), and is a typical sign of a mandibular fracture. Without proper prosthetic reconstruction, a loss of teeth results in the regression of the alveolar part of mandible in the area of the lost teeth. The fitting of a dental prosthesis onto a largely regressed alveolar part is exceedingly difficult and often requires bone reconstruction.










Temporomandibular joint
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Fig. 8.51 Temporomandibular joint, right side; lateral view.

A wide cone-shaped joint capsule stretching from the temporal bone to the condylar process surrounds the mandibular joint. In its frontal and lateral parts, the lateral ligament reinforces the joint capsule and extends from the zygomatic arch in an oblique posterior caudal direction to the head of mandible. At the inside of the joint (not shown), connective tissue generates the variable medial ligament. The lateral and medial ligaments (if present) assist in guiding the joint movements and foremost inhibit posterior movements of the mandibular head. When bite force is applied, the lateral ligament also stabilizes the condyle. The stylomandibular ligament projects from the styloid process to the posterior rim of the ramus of mandible. It is usually weak and, together with the sphenomandibular ligament, resists further lower jaw movements at a position close to maximal opening of the mouth (→ Fig. 8.52).
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Fig. 8.52 Stylomandibular ligament and sphenomandibular ligament, right side; medial view.

Both ligaments affect the kinematics of the temporomandibular joint but are not associated with the joint capsule.

The strong sphenomandibular ligament has its origin at the spine of sphenoidal bone and passes between the lateral and medial pterygoid and inserts in a fan-shaped pattern at the lingula of mandible. The stylomandibular ligament originates from the styloid process and projects to the angle of mandible. Together, both ligaments inhibit lower jaw movements at a position close to the maximal opening of the mouth.

The pterygospinous ligament has no relationship to the temporomandibular joint nor does it affect the joint kinematics. It has its origin at the spine of sphenoidal bone and inserts at the lateral lamina of the pterygoid process. This ligament has a stabilizing function.
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Fig. 8.53 Temporomandibular joint, left side; sagittal section; lateral view; mouth almost closed.

In the temporomandibular joint, the head of mandible, mandibular fossa, and articular tubercle of the temporal bone articulate with each other. Both joint components are separated by an articular disc. The temporomandibular joint is positioned in front of the bony part of the external acoustic pore.
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Fig. 8.54 Temporomandibular joint, left side; sagittal section; lateral view; mouth opened. [8]

An articular disc completely divides the temporomandibular joint into two separate chambers (dithalamic joint):




• The lower chamber permits hinge-like opening and closure movements of the mandible.


• The upper chamber allows for the head of mandible to slide forward on the articular tubercle (protrusion). This particularly requires the action of the lateral pterygoid. The movement back into the mandibular fossa is called retraction (retrusion).
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Fig. 8.55 Movements of the temporomandibular joint, left side; lateral view. [8]

Independent movements in one temporomandibular joint are not possible because both temporomandibular joints are joined in the bony mandibular arch. The temporomandibular joints permit two main functions during chewing: elevation (adduction) and depression (abduction) of the lower jaw as well as grinding movements. Apart from abduction and adduction, the forward (protrusion) and backward movement (retrusion) as well as grinding (sideways sliding – laterotrusion and mediotrusion) constitute the movement patterns of the temporomandibular joint. The masticatory muscles contribute in different ways to the mobility of the joint.
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Fig. 8.56 Fossa and tubercle of the temporomandibular joint, right side; inferior view.

View onto the articular surface of the mandibular fossa, which is normally covered with hyaline articular cartilage. Also covered by hyaline cartilage, the articular tubercle is located anterior to the mandibular fossa. In the posterior third of the mandibular fossa, the squamous part connects with the petrous part of the temporal bone, and medially the temporal bone borders at the sphenoidal bone. As a result, this region contains three fissures:




• In a lateral position the tympanosquamous fissure is visible.


• In the middle lies the petrotympanic fissure (* GLASERIAN fissure).


• Medially runs the sphenopetrous fissure through which the chorda tympani leaves the cranial basis.
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Fig. 8.57 Articular process, condylary process, of the lower jaw, right side; frontal view.

The condylary process is composed of the head and neck of mandible. At the frontal side, it contains the pterygoid fovea. Here, the lateral pterygoid attaches with its inferior head.
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Figs. 8.58a and b Articular disc of the temporomandibular joint.




a. Superior view


b. Lateral view







From front to back, the articular disc consists of an anterior ligament (connective tissue), an intermediate zone (fibrous cartilage), a posterior ligament (connective tissue), and a bilaminar zone (connective tissue). In its lateral part, the intermediate zone is particularly thin.
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Fig. 8.59 Temporomandibular joint; sagittal section at the level of the temporomandibular joint region with injected veins (colored); lateral view. [1]

The bilaminar zone between the articular tubercle and head of mandible is visible. The bony septum between the middle cranial fossa and the mandibular fossa is thin. Among the connective tissue of the bilaminar zone lies an extensive retro-articular venous plexus. Close proximity exists to the external acoustic meatus.









Clinical Remarks


Significant external force can result in the fracture of the neck of mandible (condylar fracture). An involvement of the joint capsule and the occurence of dislocated bone fragments is possible in such fractures. In addition, bleeding from the retro-articular venous plexus (→ Fig. 8.59) and/or painful sensations from the external acoustic meatus may occur. The temporomandibular joint is a diathrosis. Thus, this joint can be afflected by the same diseases that also affect the large joints of the limbs, e.g. arthrosis or rheumatoid arthritis. In case of an arthrosis of the temporomandibular joint, the lateral part of the articular disc is mostly affected.










Temporomandibular joint, radiography
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Fig. 8.60 Temporomandibular joint; computed tomographic image in lateral beam projection; mouth closed.

With the mouth closed and masticatory muscles relaxed, the condylar process resides in the mandibular fossa.
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Fig. 8.61 Temporomandibular joint; computed tomographic image in lateral beam projection; mouth open.

With the mouth open, the articular disc and the condylar process move forward onto the articular tubercle.
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