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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.
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The following contents can be found in the two other volumes:








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









Vol. 3 Head, Neck, and Neuroanatomy


[image: image]8 Head


Overview → Skeleton and Joints → Muscles → Topography → Vessels and Nerves → Nose → Mouth and Oral Cavity → Salivary Glands


[image: image]9 Eye


Development → Skeleton → Eyelids → Lacrimal Apparatus → Muscles of the Eye → Topography → Eyeball → Visual Pathway


[image: image]10 Ear


Overview → Outer Ear → Middle Ear → Auditory Tube → Inner Ear → Hearing and Equilibrium


[image: image]11 Neck


Muscles → Pharynx → Larynx → Thyroid Gland → Topography


[image: image]12 Brain and Spinal Cord


General → Meninges and Blood Supply → Brain → Sections → Cranial Nerves → Spinal Cord
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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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Preface


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:


We want to emphasise 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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Anatomy –Reveal the Concealed





What Anatomy Is


“ανατ[image: image]μη” (anatome) means cut-up, “ανατεμνειν” (anatemnein) de-notes to cut open. Consequently, anatomy is dissection and the anatomists are dissectors. The dissection reveals the otherwise non-visible constituents, and is the method which named the science: reveal, represent, divide, cut, sort, and name. Recognition of the parts is the key to understanding the subject.


“Anatomy […] dissects organisms into their […] constituents […], examining their external, sensorial perceptible properties and their internal structure. It is the study of death to make conclusions about life. Anatomy manually destroys an ideal creation in order to rebuild it mentally and to virtually recreate a human being. There is not a more glamorous task for the human mind.”


Joseph Hyrtl (Anatomist, 1811–1894).


Although anatomy deals with death, it is devoted to life. It is not about death but rather about the comprehension of the human body which functions as a unit. The body donors are models only.


There are two other medical fields which deal with dead bodies: forensic medicine and pathology. Pathologists are interested in causes of diseases. Forensic medicine deals in particular with doubtful causes of death. Whereas the sole purpose of anatomists is to understand the living human body on a continuum from the embryonic stage to old age.


Eyes and hands are most important tools of the anatomist. The findings revealed by hands, tweezers, scissors, scalpels, and the visualization of these structures by eye is called gross or macroscopic anatomy. Structures in gross anatomy not discernible by the naked eye can be visualized by microtomes or light and electron microscopes. This field is called microscopic anatomy.


Organization and classification are basic aspects of systematic anatomy. The body is precisely classified according to systems. The bone system for example includes not only bones, but also bony parts and associated terminology. On the other hand, tissue systems are organized according to types and subtypes. Topographic anatomy is the study of regions or divisions of the body and emphasizes the relations between various structures in that region. The relationship of form and function is termed functional anatomy. Topographic anatomy and functional anatomy are the supreme disciplines of the physician and lead the path to clinical anatomy. This serves as practical application for diagnosis and therapy. Lastly, comparative anatomy serves in evolutionary phylogeny. It is of interest to biologists and compares bodies and body parts of different creatures.


Histology is a subdivision of microscopic anatomy and is dealing with the composition of organ tissues which are multicellular in structure. Cytology, the study of cells, focuses on structure and function of the single cell. Embryology, which mainly uses the microscope for examination of tiny embryos, describes the development of an organism (individual development, ontogenesis).


Dissection and analysis is the trade of the anatomy, but its real goal is to mentally assemble all parts into a functioning whole. This goal of understanding the structural design and shape of biological structures and conceptualizing it as a unified structure-function relationship can also be called morphology.









Linguae Anatomiae


The language of this classical discipline “Anatomy” (Linguae anatomiae) is predominantly Latin and (latinized) Greek. In the past 50 years, some English terms were added. The anatomic Termini technici (terminology) are usually marvellously graphic, concrete, and vivid. Even a word monster like “Cartilago arytenoidea” means simply (nothing more than) “the cartilage which looks like a gravy boat”. This cartilage is located above the larynx and really looks like a boat-shaped pitcher to serve gravy. At times one needs visual imagination which anatomists do not lack. One does not need to be afraid of terminology, but rather enjoy its diversity. This is done most successfully when this terminology is translated into one’s own language and imagination.









Body Donations – The Legacy


Dead human bodies are essential for carrying out lessons in dissection. These bodies are made available by body donations. The body donor bequeathed his/her body to an anatomical institute. This has to be done in person as a last will declaration during the lifetime of the donor. Next of kin are not authorized representatives in this legal matter. Every body donor has personally contacted an anatomy institute during his/her lifetime and, in the last will, donated his/her body to the institution for teaching and research after death.


The body donor usually receives a donor card which always needs to be at hand. When death occurs the body is brought to the anatomy institute and is used for lessons in dissection, for clinical preparations, for demonstration, or for surgery courses as well as for scientific studies.


Following the courses and examinations, the mortal remains are usually cremated and buried in the cemetery of honor of the university. The memorial or funeral service is attended by family members, students, and instructors of the faculty.


Depending on institution and/or state/province, there are different regulations for the exhibition of bodies and organs. For example, body donors or organs of body donors can be exhibited in an anatomical collection for presentation and teaching purposes, if this is expressed in the body donor’s will.


Reasons for body donations are diverse, and body donors represent all parts of society. The widely held assumption that body donors donate to be granted an inexpensive funeral is proven to be wrong. Many universities charge a fee for body donations and this has not resulted in a reduction of body donations.








Clinical Remarks


Human anatomy is the basis for the education of physicians, dentists, and other health professionals. The anatomical knowledge is constantly applied in daily patient care and must always be refreshed. The curricula of biomedical studies and education continue to encompass more scientific knowledge. The existing subjects have to be covered in fewer lectures, since competing subjects and new technologies require a greater amount of the limited curriculum hours. Training competent clinicians and specialists in health-related medical professions can be achieved effectively by supplementing anatomical facts with clinical examples. This also leads to an application-oriented learning and increases the motivation of the student. However, the extensive and time-consuming study of anatomy should not be neglected. Intrinsic and firm anatomy knowledge can then be applied to the benefit of the patient.






→ Dissection Link


Dissection is done by hand using a scalpel (non-disposable scalpels!) and anatomical tweezers. Structures and organs as well as their topographic relationships are examined in this fashion.


The nature of the tissue differs regionally. Areas with a lot of adipose tissues that can be removed bluntly by hand alternate with connective tissue which can be stripped off with the aid of scalpel only. As part of the preparation, different cavities are exposed which are filled with air, liquid, or solid constituents. The tissue of the organs (parenchyma) may – depending on the fixation – be hard, soft, spongy, tender, or elastic. Protected nerves and blood vessels are located in different layers of the body, and their dissection can be of varying difficulty. In some locations these are easily removable, in other regions they may adhere to adjacent tissues. To illustrate the muscles, mobilization by loosening the tight surrounding connective tissue sheaths (muscle fascia) is required.


To prevent damage, special attention needs to be paid to nerves and blood vessels entering and exiting the muscle. Partial severance of surrounding ligaments is needed to open joints. In contrast some structures such as the inner ear can be exposed with a hammer and chisel or saws and milling machines.


The preparation requires a lot of patience, manual dexterity, and spatial imagination. One gains great experiences and valuable insights which are not offered by any anatomy textbook or atlas. These include the three-dimensional understanding of the structures of the human body, the confrontation with death, but also teamwork.





EXAM CHECK LIST


• Main axes • main planes • directions and positioning of body parts • directions of movement • radiological terms of sectional planes • general embryology • general surface projection of inner organs • skeletal overview • bone structure • bone development • bony connections • type of joints • examination of joints • muscle types • muscle mechanics • cardiovascular system • greater and lesser blood circulatory system • portal system • overview: lymph system • spinal nerve • overview: central, peripheral, and autonomic nervous system • skin and finger nails • imaging techniques: radiograph, ultrasound, MRI, CT, and scintigraphy
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Orientation on the body









Axes and planes
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Figs. 1.1a to c Planes and axes.








a. sagittal plane, encompasses sagittal and longitudinal axes





b. transverse plane = horizontal plane, encompasses transverse and sagittal axes





c. frontal plane = coronal plane; encompasses longitudinal and transverse axes














Main Axes






	Sagittal axis

	Is positioned perpendicular to transverse and longitudinal axis






	Transverse axis

	Is positioned perpendicular to longitudinal and sagittal axis






	Longitudinal or vertical axis

	Is positioned perpendicular to sagittal and transverse axis















Direction of Movement






	Extension

	Stretching of the torso or the extremities






	Flexion

	Bending of the torso or the extremities






	Abduction

	Moving extremities away from the torso






	Adduction

	Moving extremities towards the torso






	Elevation

	Lifting of arms above the horizontal plane






	Rotation

	Turning extremities inwards and outwards around a longitudinal axis






	Circumduction

	Spinning motion















Main Planes






	Median (sagittal) plane

	Symmetry plane, divides the body into two equal halves






	Sagittal plane

	Runs parallel to the median (sagittal) plane






	Transverse plane

	Any cross-sectional plane of the body






	Frontal plane

	Parallel to the forehead















Radiological Section Planes






	Radiological Terms

	Anatomical Terms






	Sagittal section

	Sagittal plane






	Coronal section

	Frontal plane






	Axial section

	Transverse plane







Radiology terminology in imaging procedures (computed tomography and magnetic resonance imaging) defines the three main anatomical planes as sections with their own nomenclature















Directional information and relationships
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Figs. 1.2a and b Lines for orientation, directional information and relationships.








a. ventral view





b. dorsal view











Terms of Direction and Positioning of Body Parts
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Surface anatomy









Parts of the body
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Fig. 1.3 and Fig. 1.4 Surface anatomy of the male (→ Fig. 1.3) and the female (→ Fig. 1.4); ventral view.
Anatomical terminology generally refers to the upright position with the face directed forward, arms positioned sideways, palms pointing towards the body or forward, legs positioned beside each other with feet pointing forward.
The body is divided into head, neck, torso with chest, abdomen, pelvis, back, and upper and lower extremities. The extremities divide into the upper arm, forearm, hand and upper leg, lower leg, foot.
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Fig. 1.5 and Fig. 1.6 Surface anatomy of the male (→ Fig. 1.5) and female (→ Fig. 1.6); dorsal view.








Clinical Remarks


During anamnesis (from ancient Greek. αναμνησις, anámnesis = memory) – taking a medical history – the history of a patient is carefully examined with reference to current symptoms. A detailed medical history includes biological, psychological, and social aspects. This gathered information often permits conclusions regarding risk factors and causal relationships. The anamnesis does not have a direct therapeutic goal, although talking about and clarifying the issues may have a salutary effect.


The history is usually taken before physical examination takes place, but in an emergency immediate treatment is required and taking the medical history is postponed. The goal of the accurate medical history is to narrow down the possible differential diagnoses. This process of elimination is based on key symptoms and exclusion criteria. Following the medical history, further investigations are often necessary to effectively diagnose a medical condition.
















Regions of the body
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Fig. 1.7 Body regions; ventral view.
The body surface is divided into regions for better description and orientation.
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Fig. 1.8 Body regions; dorsal view.
The body surface is divided into regions for better description and orientation.












Inner organs, surface projection
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Figs. 1.9a and b Projection of inner organs onto the body surface.
Projection of inner organs onto the ventral abdominal wall (a) and onto the dorsal wall of the trunk (b): esophagus, thyroid gland, wind pipe, lung, heart, diaphragm, liver, stomach, spleen, pancreas, duodenum, jejunum, kidney, colon, ileum, appendix, and rectum.











Clinical Remarks


Even without technical instruments, an examiner is able to obtain orientation on individual organs and their projection onto the body surface of the patient through practice. Auscultation (to auscultate originates from the Latin word “auscultare” and means listening) is part of the physical examination and includes the listening to the sounds of the organs typically done with a stethoscope. Percussion (to percuss originates from the Latin word “percutare” and means to beat or shake) is performed for diagnostic purposes and involves tapping the body surface of the patient. Percussion induces vibrations of the tissue beneath the surface of the body. The resulting sounds provide information about the state of the tissue. Thus, the size and position of an organ (e.g. liver) or the air content of the tissue (e.g. lung) can be assessed.
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Figs. 1.10a and b Projection of inner organs onto the body surface. Projection of inner organs onto the right wall of the torso (a) and onto the left wall of the torso (b): lung, heart, diaphragm, liver, stomach, gall bladder, spleen, colon, kidney, small intestine, appendix, and rectum.








Clinical Remarks


Through knowledge of the projection of the internal organs onto the body surface, disease specific symptoms can already be linked to organs during physical examination. In addition to the patient’s history, first clues of the diseased organ(s) involved can be deduced. For example, appendicitis (inflammation of the appendix) is usually accompanied by discomfort in the right lower abdomen.






















Development









Development
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Figs. 1.11a to i First week of embryogenesis: fertilization and implantation. [21]
Within 24 hours after ovulation (a), fertilization (b) normally occurs in the ampulla of the oviduct. The fusion of the pronuclei of the ovum and sperm into a single diploid nucleus creates the zygote (c).
Subsequent cell divisions (2-, 4-, 8- and 16-cell stages; d–h) generate a cell aggregate (Morula) which is transported into the uterine cavity. At approximately day 5 after fertilization, the morula develops into a fluid-filled cyst (blastocyst; i) which implants into the uterine mucosa at days 5–6.
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Figs. 1.12a to e First and second week of embryogenesis: bilaminar embryonic disc. [21]
Upon differentiation of the morula (a) into the blastocyst, the latter generates an inner cell mass (embryoblast) and a larger fluid-filled (blastocyst cavity) outer cell layer (trophoblast; b). Through interactions between maternal tissues and the trophoblast cells the utero-placental circulation is formed (c–e). The embryoblast develops into the bilaminar embryonic disc with ectoderm (columnar cells at the dorsal surface of the embryoblast) and entoderm (cuboidal cells at the ventral surface). The ectoderm forms a dorsally located cavity which becomes the amniotic cavity. The ventrally located blastocyst cavity becomes the primary yolk sac which is lined by entoderm. At day 12, the secondary yolk sac (yolk sac proper) forms. The original blastocyst cavity is lined by extra-embryonic mesoderm.
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Figs. 1.13a and b Third week of embryogenesis: gastrulation. [21]
Development of the trilaminate embryonic disc initiates with the appearance of the primitive streak at the dorsal surface of the ectoderm. At its cranial section, the primitive streak is demarcated by the primitive node (a). Cells migrating out of the primitive streak form the intraembryonic mesoderm located between the top of the yolk sac and the ectoderm of the amniotic cavity (gastrulation). Some of these cells form the notochordal process which extends towards the cranial part of the embryo where the prechordal plate has formed (adhesion between ectoderm and entoderm without an intervening mesoderm layer). The notochordal process develops a lumen (notochordal canal) and becomes the notochord (chorda dorsalis; primitive stabilizing structure of the embryo) which regresses later in development (b). Relics of the notochord can be found in the nuclei pulposi located within the vetrebral discs. Some mesoderm cells migrate cranially past the prechordal plate to create the primordial heart. The three germ layers (ectoderm, mesoderm, entoderm) are the building blocks for the development of all organs. Further information on the germ layers participating in specific organ formation can be found in embryology textbooks.












Skeleton
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Fig. 1.14 Skeleton, Systema skeletale; ventral view. [10]
The bones of the skeleton are grouped according to their shape and structure:








• long bones, e.g. hollow bones of the extremities, like femur and humerus





• short bones, e.g. carpal and tarsal bones





• flat bones, e.g. ribs, sternum, scapula, pelvis, bones of the skull





• air-filled bones, e.g. frontal bone, ethmoid bone, maxilla, sphenoid bone





• irregular bones (cannot be grouped with the other bones), e.g. vertebrae, mandible





• sesamoid bones (bones embedded in tendons), e.g. patella, piriformis





• accessory bones (not commonly found in all human skeletons), e.g. sutural bones of the skull, cervical rib

























Musculoskeletal system









Structure of bones
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Fig. 1.15 Long bones (hollow bones).
Section through the proximal part of the femoral bone of an adult. Periosteum of the diaphysis has been removed and folded sideways. Dorsal view. Sectioned femoral bone displays two distinct types of bones with no clear separation between them:








• compact or cortical bone (compacta, very thin in the epiphysis, substantial in the diaphysis) and





• spongy or cancellous bone (spongiosa, substantial presence exclusively in the epiphysis and metaphysis).





In the diaphysis, the compacta appears as a solid mass; the spongiosa in epi- and metaphysis creates a three-dimensional network of delicate branched bones (trabeculae). Depending on the physical forces applying, they are divided into traction or compression trabeculae. The space in between the trabeculae is filled with blood-forming bone marrow (young person) or fatty lipids (old person). The orientation of the individual trabeculae is parallel to the lines of tensile and compressive stress generated within the bone. (In the femur, these forces are proximal and eccentric, adding additional bending stress to the bone.) A long evolutionary process resulted in a light bone, combining maximal mechanical robustness with minimal bone deposit.
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Fig. 1.16 Structure of a long hollow bone.
The basic histological structure of both a mature compact bone and a mature spongy bone is similar and represents a lamellar bone. The mature bone is composed of lamellar concentric units, named osteons, most frequently found in the compacta of long bones. In spongy bones, the lamellae are primarily oriented parallel to the trabecular surface. In the compact bone, lamellae of bone matrix with central blood vessels create osteons, a system (HAVERS’ system) of five to 20 bony lamellae (special lamellae) which are grouped concentrically around a HAVERS’ canal and can be a few centimeters in length. Collagen fibers show perpendicular orientation in adjacent lamellae of an osteon. Remnants of previous osteons, called interstitial lamellae, are located between osteons. The outer and inner surface of the compacta is composed of lamellae surrounding the complete bone. These are called outer and inner circumferential lamellae.











Clinical Remarks


The fracture of a bone leads to the formation of two or more fragments with or without dislocation. Apart from pain, true signs are abnormal mobility, grinding sounds with movement (crepitation), axis misalignment, an initial muscle stupor (lack of muscle activity), and corresponding radiograph findings. Ideally, healing of a fracture involves complete immobilization and weight-bearing restrictions. Successful healing of a fracture is achieved when the formerly injured bone regains its full weight-bearing capacity and long bones have reformed the medullary cavity. The primary fracture healing exclusively occurs with narrow, irritation-free fracture gaps and does not involve callus formation, as is achieved surgically by osteosynthesis with plates and screws for optimal alignment of fractured ends. As part of the primary fracture healing, the fracture gap is bridged by capillaries from opened HAVERS’ canals which are surrounded by osteons spanning the gap. The secondary fracture healing often forms a slightly thicker callus which is gradually converted into functional bone mass.
















Bone development
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Fig. 1.17 and Fig. 1.18 Ossification of the skeleton of the upper (→ Fig. 1.17) and lower extremities (→ Fig. 1.18); position of the epi- and apophysial ossification centres and chronological sequence of the formation of these ossification centres.
The timing for these bone nucleation sites to appear holds clues as to the stage reached in skeletal development and, thus, to the individual skeletal and bone age. We distinguish ossification centres formed around the shaft (diaphysis) of the cartilage model during the fetal period, resulting in the diaphyses (diaphyseal ossification) from ossification centres which in part form during the second half of the fetal period and in the first years of life within the cartilaginous epi- and apophyses (epi- and apophyseal ossification). No further increase in body height occurs once the cartilaginous epiphyseal gaps ossify and disappear (synostosis). Thereafter, isolated bone nucleation sites are no more visible in the X-ray image.











Clinical Remarks


For treatment plans and the prognosis of orthopedic diseases and deformities during childhood, the determination of skeletal age and any existing growth reserves are of great importance.
















Joints
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Fig. 1.19 Fibrous joint [syndesmosis].
Fibrous joints between bones are found in sutures of the skull, syndesmoses (e.g. fibrous connections between the tibia and fibula or the radius and ulna), and gomphoses (e.g. fibrous anchoring of the teeth in their alveolar sockets of the maxilla and mandibula).
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Fig. 1.20 Cartilaginous joint [synchondrosis].
Cartilaginous joints connect bones through hyaline cartilage (synchondrosis, e.g. connection between 1. rib and clavicle) or fibrocartilage (symphysis, e.g. pubic symphysis).
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Fig. 1.21 Osseous joint [synostosis].
At the osseous joints bones are fused as exemplified by the sacrum.
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Fig. 1.22 Synovial (true) joint [diarthrosis]; schematic sectional view. (according to [1])
Hyaline cartilage at the bony ends covers the subchondral bone. The joint capsule encloses the joint cavity and consists of an outer fibrous membrane and an innner synovial membrane. The synovial membrane secretes the synovia into the joint cavity which acts as the grease of the joint. When the freedom of motion of a joint is restricted by an exceptionally strong joint capsule, this joint is called amphiarthrosis (e.g. small carpal joints of the hand and foot; sacro-iliac joint).










[image: image]


Fig. 1.23 Structure of the joint capsule. [24]
The joint capsule is composed of the fibrous membrane and the synovial membrane. The fibrous membrane consists of tough fibrous tissue. The synovial membrane is composed of the following layers: a superficial loose layer of A cells (type A synovialocytes or M cells, specialized macrophages which metabolize the metabolic compounds produced by the cells in the joint cartilage), B cells (type B synovialocytes or F cells, active fibroblasts which produce and secrete the outer collagen and proteoglycan aggregates, i.e. hyaluronic acid of the synovia) and the subsynovial connective tissue rich in capillaries, fibroblasts, and lipocytes. Collagen fibers within the articular cartilage are arranged in arcades (BENNINGHOFF’s arcades).















Types of joints
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Figs. 1.24a to g Joints [diarthroses].
Joints usually increase the range of motion significantly. They are classified according to the shape of their articulating surfaces and/or the freedom of movement they allow. Based on the main axes of motion, we distinguish uniaxial, biaxial, and multiaxial joints.
a hinge joint, cylindrical joint (ginglymus): uniaxial joint, permits flexion and extension
b conoid joint: uniaxial joint, permits rotational movement
c pivot joint: uniaxial joint, permits rotational movement
d condylar or ellipsoid joint: biaxial joint, permits flexion, extension, abduction, adduction, and restricted rotational movement
e saddle joint: : biaxial joint, permits flexion, extension, abduction, adduction, and restricted rotational movement
f spheroidal or ball and socket joint: multiaxial joint, permits flexion, extension, abduction, adduction, and rotational movement
g plane joint: joint permits simple gliding movements in different directions















Range of joint movement
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Figs. 1.25a and b Documentation of the range of joint movement: neutral-null method.
The neutral-null method is a standardized goniometric method to determine the active range of movement in a joint. An upright position with arms hanging down to each side is considered the zero degree starting position when examining the joints (a view from the front and b from the side). The extent of achievable movement from this null position is expressed in degrees of angle measured. First the active range of movement away from the body is determined, followed by the active range of movement towards the body.
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Figs. 1.26a to c Documentation of the range of joint movement: examples.








a. The normal healthy knee joint has the following range of movement: 5° extension and 140° flexion (not shown). The 90° angle of the ankle joint in relation to the foot is considered the null position. This allows for a 20° extension and 40° flexion under normal conditions (not shown). The normal range of movement in the knee joint is 5°–0°–140° (knee stretched, null position, knee bent), that of the ankle joint is 20°–0°–40° (dorsal extension, null position, plantar flexion).





b. stretching of the knee impossible (see Clinical Remarks box)





c. complete stiffness of the knee (see Clinical Remarks box)















Clinical Remarks


Limitations of joint movement are associated with a decreased range of movement. A contraction is indicated if the joint mobility is restricted or the neutral position of a joint is not reached. The neutral-null method is used to document exactly the mobility of the impaired joint. For a limited mobility of flexion contracture the motion formula reads for example, 0°–20°–140° (→ Fig. 1.26b: : extension of the knee is not possible, null position is not achieved, the knee is in 20° flexion, but can be further bent to 140°). A complete stiffening of the knee due to ossification (ankylosis) results in the knee being fixed in a 20° angle of flexion. The movement formula is 0°–20°–20° (→ Fig. 1.26c: knee extension is not possible, null position is not achieved, the knee is bent at 20° and cannot be bent further).
















Types of muscles
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Fig. 1.27 Organization principle of skeletal muscles, exemplified by the brachial muscle.
Skeletal muscles move bones in their joints and have a fixed point of origin and a flexible point of insertion. They are surrounded by a fascia. The belly of the muscle connects with the bone through a tendon. The amount of force a muscle can transfer onto a joint depends on the length of the lever (vertical distance of the vector force of the muscle and the rotational axis of the joint = lever arm of force). The length of the lever varies depending on the joint position and is known as virtual lever.
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Fig. 1.28 Structure of a tendon sheath, exemplified by a finger.
Tendon sheaths reduce friction during movement and protect tendons which are deflected by muscles and bones. The composition of a tendon is similar to that of a joint capsule. The inner layer of the tendon sheath (synovial layer, tendinous part) is part of the tendon, whereas the outer layer (synovial layer, parietal part) is part of the fibrous sheath of the tendon sheath. The gap between both layers (synovial cavity) contains synovial fluid.
Small blood vessels reach the tendon via vincula brevia and longa (small ligaments from the mesotendineum).
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Figs. 1.29a to g Types of muscles.
Microscopically, fibers of skeletal muscles exhibit typical cross-striations. Based on their shape skeletal muscles can be divided into:








a. single head, parallel muscle fibers (fusiform muscle)





b. double head, parallel muscle fibers (two-headed muscle)





c. double belly, parallel muscle fibers (two-bellied muscle)





d. multi-head, flat muscle





e. multi-belly muscle with tendinous intersections (intersected muscle)





f. unipennate or semipennate muscle





g. bipennate or pennate muscle















Definition


From a functional viewpoint, passive and active musculoskeletal systems can be distinguished:





• The passive musculoskeletal system includes bones, joints, and ligaments. The skeleton creates the shape of the body, is an attachment point for muscles, and forms body cavities that contain and protect inner organs. Joints provide flexible connections between bones.


• The active musculoskeletal system consists of the skeletal muscles which move the bones in the joints and can be controlled voluntarily.




















Muscle biomechanics
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Fig. 1.30 Forces of muscles and tendons; vector forces of the muscles and tendons exemplified by the levator scapulae and rhomboid major and minor. (according to [1])
There is a direct proportional relationship between the muscle force and the physiological cross-section of this muscle (lifting force of a muscle relative to the cross-section of all muscle fibers positioned perpendicular to the direction of these fibers). When the direction of a tendon and the vector force of the muscle align, the full force of the muscle is transferred to the tendon. In this case, muscle force (FM) and tendon force (FT) are almost equal. However, when the muscle fibers are oriented in an angle to the pull by the tendon (e.g. rhomboid major and minor), only part of the contractile force is transferred to the tendon. Here the vertical tendon force (FT [vertical]) is reduced by the factor cos α and the transverse tendon force (FT [transverse]) is reduced by the factor sin α relative to the muscle force (FM).
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Fig. 1.31 Lever and muscle action; major muscles of the elbow joint and their anatomical levers (red lines). (according to [1])
The lever arm is the part of a lever which acts between the centre of rotation and the point where the force acts. For skeletal components to be moved around a rotational axis of a joint, a muscle must use an anatomical (existing) lever arm to create a torque. The length of the lever arm depends on the distance between the origin of a muscle and the centre of rotation of the joint. For example, when the arm is moved towards the torso, the brachioradialis and the brachialis have a long and short anatomical lever arm, respectively. When muscle force is applied via an one-armed lever, the skeletal component will move in the direction of a traction force of this muscle (e.g. brachioradialis, biceps brachii, brachialis). With a two-armed lever, the point of muscle origin is moved in the direction of the muscular traction, but the main part of the skeletal component is moved in the opposite direction (e.g. triceps brachii; compare → Fig. 1.27).















The cardiovascular system
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Fig. 1.32 Overview of the arteries of the systemic circulation.
The function of arteries is to transport blood from the heart to the periphery of the body or into the lungs. We distinguish arteries of the elastic type (e.g. aorta, arteries close to the heart) and arteries of the muscular type (most of the arteries, e.g. brachial and femoral artery). Blood travels through arteries with an ever more narrow diameter to reach arterioles and enter into a capillary network where the exchange of oxygen takes place between the blood and the tissue.
* in women: ovarial artery











Clinical Remarks


In many parts of the body, large and medium-sized arteries run near the body surface. The pulse can be felt by pressing the artery against a harder underlying structure. The most distal palpable pulse and thus farthest from the heart is the pulse of the dorsal artery on the dorsum of the foot. The examination of the arterial pulse reveals many clues about the frequency of the heartbeat, differences of blood flow in the upper and lower extremity, and holds general clues about the circulation of the blood in a particular body section.






















Vessels and nerves









The cardiovascular system
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Fig. 1.33 and Fig. 1.34 Overview of the veins of the systemic circulation (→ Fig. 1.33)) and venous valves (→ Fig. 1.34).
Veins transport blood from the periphery of the body back to the heart. They expand easily and function as reservoirs. The veins of the systemic circulation transport deoxygenated blood, those of the lung circulation transport oxygenated blood. Most veins are concomitant veins, meaning they run in parallel with corresponding arteries. Compared to the arteries, their course is variable and the blood pressure is significantly lower. Veins, capillaries, and venoles are part of the low pressure system of blood circulation. Most of the time, veins transport blood against gravitational force. Thus, larger veins of the extremities and the lower neck region possess valves (venous valves) to support the venous blood flow back to the heart. Apart from the valves, muscles and the arterial pulse (only when venous valves are present) also affect the venous blood flow.
Arrows pointing upwards indicate the direction of blood flow. When blood accumulates (arrows pointing downwards) the valves close.
Most parts of the body contain a superficial venous system in the subcutaneous fat pad which communicates with a deeper venous system running parallel to the arteries (both systems are separated by venous valves so that blood can only travel unidirectionally from the superficial to the deep veins).
* in women: ovarian vein















Systemic, pulmonary, and fetal blood circulation
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Fig. 1.35 The prenatal circulation; schematic representation. (according to [1])
Arrows indicate the direction of blood flow. The prenatal circulation is different from the circulation after birth.
Oxygenated blood is transported from the placenta and through the umbilical vein to the liver where most of the blood is drained by the venous duct (ARANTIUS) directly into the inferior vena cava. From here, the major part of the blood reaches the right atrium of the heart, crosses over to the left atrium via the open foramen ovale in the atrial septum, enters the left ventricle, and is ejected into the aorta and systemic circulation. Venous blood of the upper half of the body enters the right atrium through the superior vena cava and is directed mostly into the right ventricle. When the heart contracts, most of the ejection fraction is transported via the ductus arteriosus (BOTALLO) directly into the descending aorta. Both shortcuts in the heart (open foramen ovale and open ductus arteriosus [BOTALLO]) are required since in the fetus the fluid-filled lungs are not yet inflated and constitute a barrier. Blood from the fetal systemic circulation is routed mainly via the internal iliac arteries into the paired umbilical arteries located within the umbilical cord to reach the placenta. A sequence of events shortly after birth which involves the termination of the placental circulation, the inflation of the lungs, and the onset of breathing in the newborn results in the occlusion of:








• venous duct (ARANTIUS)





• foramen ovale





• ductus arteriosus (BOTALLO) between pulmonary trunk and aortic arch





• umbilical arteries and umbilical vein





At this point, the cardiovascular system only consists of the heart, the systemic circulation (body circulation; supply of body tissues, and the smaller pulmonary circulation (gas exchange) (→ Fig. 5.10). The ejection fraction of the heart of a resting adult is 70 ml.
Approximately 64% of blood resides in the venous system at any given moment and this can increase to approximately 80% (blood reservoir).
The small arteries and arterioles of the muscles mainly determine the vascular resistance. In the arterial system (high pressure system) the average blood pressure is approximately 100 mmHg (= mm mercury column), whereas in the venous system it is approximately 20 mmHg. Both systems are separated by the capillary bed where the exchanges of gas and nutrients take place.
* BOTALLO’s ligament
** BOTALLO’s duct
*** duct of ARANTIUS
**** ligament of ARANTIUS















Portal vein system
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Fig. 1.36 Portal vein, and inferior vena cava; semi-schematic representation; tributaries to inferior vena cava in blue; tributaries to the portal vein in purple. Potential portal-systemic anastomoses are encircled in black.
The portal-venous circulation constitutes a special part of the systemic circulation. Here, two separate capillary beds (intestine, liver) are connected in sequence. Prior to reaching the systemic circulation, venous blood from most unpaired abdominal organs (stomach, parts of the intestine, pancreas, spleen) is drained into the portal vein and from here into the liver. This way, most of the nutrients absorbed through the intestinal tract first reach the liver and are metabolized there. Not until the blood has passed the liver, is it drained via the liver veins into the inferior vena cava and the systemic circulation.











Clinical Remarks


In patients with liver cirrhosis significantly less blood flows through the liver due to higher resistance of the liver and therefore increased portal vein pressure. Bypassing the liver, the remainder of the blood flows through portocaval anastomoses directly into the systemic circulation. However, the veins in the anastomosis region are structurally not well suited to accommodate the increased blood flow and will form varicose veins. This can lead to esophageal varices in the region of the gastro-esophageal junction, to the rare formation of a Medusa head in the region of para-umbilical veins, or it can result in the occurrence of varicose veins in the anal canal. Especially esophageal varices can easily be injured during food uptake and cause life-threatening hemorrhages.
















Lymphatic system
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Fig. 1.37 Overview of the lymphatic system.
Starting in the body periphery, lymph capillaries collect interstitial fluid (lymph) and transport it via collecting ducts into lymph vessels and lymph nodes. Lymph nodes responsible for the collection and filtration of a particular body region are called regional lymph nodes. Those lymph nodes accepting lymph fluid from different lymph nodes are called collector lymph nodes.
Finally, the lymph reaches two major lymphatic ducts, the thoracic duct and the right lymphatic duct, which drain the lymph into the venous blood of the systemic circulation. The major part of the lymph drains into the left venous angle (located between left internal jugular vein and left subclavian vein) via the thoracic duct. The right lymphatic duct drains the lymph collected from the right upper quadrant into the right venous angle (located between right internal jugular vein and right subclavian vein).
In addition to the lymph vessels and lymph nodes the lymphoid tissue also includes lymphatic organs (thymus, bone marrow, spleen, tonsils, mucosa-associated lymphoid tissue [MALT]). The lymphatic system has important functions in immune responses and resorption of lipids.















Lymph nodes
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Fig. 1.38 Lymph nodes with in- and outgoing lymph vessels; semi-schematic representation.
Lymph nodes are part of the lymphatic system and considered secondary lymphatic organs. They come in various shapes (mostly lens- or bean-shaped with a diameter of 5–20 mm). The body contains about 1,000 lymph nodes and of those 200 to 300 are located in the neck alone. Functionally, lymph nodes are part of the immune system and play an important role in the defence against infections.
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Fig. 1.39 Lymph nodes; schematic cross-section. (according to [2])
This cross-section of a representative lymph node shows in- and outgoing lymph vessels (afferent and efferent lymphatic vessels), blood supply, and compartmentalization of the lymph node into B region (secondary follicle), T region (paracortical zone) with postcapillary or high endothelial venules, follicular and interdigitating dendritic cells, medullary sinus, intermediate sinus, and subcapsular or cortical sinus (with cellular composition shown).
* Reticular cells lining the sinus wall also reside within the sinus.











Clinical Remarks


The examination of lymph nodes is an important aspect of the physical examination of a patient. The examination includes the palpable lymph nodes of the neck, the axilla, and the groin. The enlargement of lymph nodes can be a sign of inflammation (lymphadenitis) or malignant disease (e.g. metastasis of a malignant tumor or a generalized disorder of the lymphatic system such as HODGKIN’s disease).
















Nervous system
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Fig. 1.40 and Fig. 1.41 Organization of the nervous system; ventral (→ Fig. 1.40) and dorsal view (→ Fig. 1.41). (according to [2])
The nervous system is composed of the central (CNS; brain, spinal cord) and peripheral nervous system (PNS). The PNS is mainly composed of spinal nerves (with connections to the spinal cord) and cranial nerves (with connections to the brain).
The nervous system is involved in complex functions that include the regulation of the activities of the muscles and the intestines, the communication with the environment and the inner self, and memorizing past experiences (memory). The nervous system is also essential for conceptualizing imaginations (thinking), generating emotions, and adapting quickly to changes in the surrounding world and the body interior. We distinguish the autonomic (visceral, regulating the activities of the intestines, predominantly involuntary) and the somatic (innervation of skeletal muscles, cognitive perception of sensory input) nervous system. Both systems interact with and affect each other. Apart from the nervous system, overall body functions are also regulated by the endocrine system.















Spinal nerves
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Fig. 1.42 Schematic representation of a spinal nerve (spinal cord segment) exemplified by two thoracic nerves; view from above in an oblique lateral angle.
The human body has 31 pairs of spinal nerves (eight cervical, twelve thoracic, five lumbar, five sacral pairs, and one coccygeal pair). Each spinal nerve is composed of an anterior root and a dorsal root. The cell bodies (perikarya) of motor nerves are located in the gray matter within the spinal cord. Their axons leave the spinal cord forming the anterior root. The perikarya of sensory nerves are located in the dorsal root ganglia. Their processes enter the spinal cord via the dorsal roots. Communicating branches connect the spinal cord with the sympathetic chain of ganglia of the sympathetic trunk. All branches of the dorsal spinal nerves as well as the ventral branches of the thoracic spinal nerves T2 to T11 have a segmental arrangement. The other ventral branches converge to form plexus (cervical, brachial, lumbosacral plexus).











Clinical Remarks


Excessive alcohol consumption, Diabetes mellitus, vitamin B deficiency, intoxication with heavy metals and drugs as well as impaired blood perfusion can result in disturbances of peripheral nerves. This can lead to palsy or excessive excitation of nerve cells (neurons). Polyneuropathy resembles a clinical scenario in which many nerves are affected.
















Autonomic nervous system
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Fig. 1.43 Autonomic nervous system. [22]
The autonomic nervous system consists of the sympathicus, parasympathetic (Parasympathicus) and enteric nervous system.
The nerve cells of the sympathicus are located in the lateral horn of the thoracolumbar segment of the spinal cord. Their axons project into the ganglia of the sympathetic chain and the ganglia of the gastro-intestinal tract. Here, the preganglionic fibers synapse on postganglionic neurons which send their processes to the target organ. Activation of the symphatetic system occurs during mobilization of the body and in emergency situations (three Fs: fright, flight, fight). The medulla of the adrenal gland is part of the sympathetic system and secretes adrenaline (epinephrine) and noradrenaline (norepinephrine) into the circulation.
The nuclei of the parasympathicus are located in the brain stem and the sacral spinal cord. Preganglionic parasympathetic axons reach ganglia close to their target organs. Here, they synapse with postganglionic neurons which send short axons to their target organs. The parasympathetic system regulates food intake and digestion as well as sexual arousal. The parasympathicus is the antagonist of the sympathicus.
The enteric nervous system regulates the activity of the intestinal tract and is controlled by sympathicus and parasympathicus.











Clinical Remarks


Disorders of the autonomic nervous system play a role in almost all medical disciplines. These disorders can present as separate diseases (e.g. hereditary autonomic neuropathy), as a consequence of other diseases (e.g. autonomic neuropathy in diabetes mellitus or PARKINSON’s disease), or in response to external conditions and other disorders (e.g. autonomic dysregulation due to stress, severe pain, or psychiatric disorders). Depending on the affected region of the autonomic nervous system, disorders of the circulatory system, digestion, sexual function, or other functions may prevail.
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Fig. 1.44 Representation of the sympathicus, sympathetic part.
The entire sympathetic chain of ganglia and their interganglionic connections located to both sides of the vertebral column are called the sympathetic trunk (green).
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Fig. 1.45 Representation of the parasympathicus, parasympathetic part.
The parasympathetic fibers (purple) normally run together with other nerve fibers.















Radiography, fluoroscopy
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Fig. 1.46 Conventional radiograph (X-ray), overview of the thorax. [27]
Radiography is one of the most frequently used imaging techniques in hospitals and local clinical practice. Familiarity with the imaging technique is essential in understanding how such images are being generated and what type of radiographic image is viewed. Simple radiographic images of the thorax are among those most frequently generated. With a patient standing upright, the X-rays pass through the thorax in a posterior-anterior (PA) direction (patient faces radiographic film). In the lying position, the X-rays pass through the patient in an anterior-posterior (AP) direction. A good radiographic image of the thorax displays the major bronchi and blood vessels of the lung, the cardiomediastinal contour, the diaphragm, the ribs, and the peripheral soft tissue.
* contour of the breast (mamma)
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Fig. 1.47 Conventional radiograph (X-ray), colon fluoroscopy after barium swallow test. [8]
In a radiograph, hollow organs, such as arteries, veins, and intestinal loops, are poor in contrast and need to be filled with a substance that absorbs X-rays to increase contrast. These substances must not be toxic to the patient. A frequently used substance to increase contrast of the gastro-intestinal tract is the insoluble, non-toxic, high density salt barium sulfate. For applications in vessels iodine-containing molecules are usually employed. These substances are safe and well tolerated by most patients and can also be used to image the kidneys, ureters, and bladder (intravenous urogram [IVU], intravenous pyelogram [IVP]) as they are excreted by the kidneys.





















Imaging techniques









Scintigraphy and ultrasound
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Fig. 1.48 Scintigraphy, scintigram of the thyroid gland. [27]
In scintigraphy, gamma rays (a form of electromagnetic rays) are used to generate an image. Gamma rays are produced as a result of the decay of unstable atomic nuclei, whereas X-rays are excess energy released during the bombardment of atoms with electrons. The gamma ray emitter has to be administered to the patient. The radio-isotope technetium-99m (99mTc) is most frequently used and injected as a cocktail together with other molecules. Upon injection, images are generated by a gamma camera, depending on how the radiopharmacon is absorbed, distributed, metabolized, or excreted by the body.










[image: image]


Fig. 1.49 Sonography, ultrasound image of a fetus at week 28 of pregnancy; lateral view.
Examinations of the body employing ultrasound are common in all medical specialties. Ultrasound represents a series of high-frequency sound waves (not an electromagnetic beam) generated by electric impulses in piezo-electric crystals. These sound waves are reflected from inner organs and their content (fetus in the uterus), registered by the same piezo-electric element, and transformed back into electrical impulses by the crystal. This information is then analysed by a computer and presented on a screen. This way, the movements of the extremities of the fetus and the opening of the mouth can be viewed as a live image.















Computed tomography (CT) and 3-D CT angiography
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Fig. 1.50 Computed tomography, coronal computed tomogram (CT) of the sinuses. [11]
Computed tomography (CT) was developed by Sir Godfrey Hounsfield in the 1970s and has undergone constant refinement. The computed tomograph generates a series of sectional images through the body in the transverse or, as shown here, the coronal plane. The patient rests on a table and, while circulating the body, an X-ray tube takes one sectional image after the other. Once all images have been acquired, the individual sectional images are calculated by a computer applying complex mathematical algorithms.
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Fig. 1.51 3-D CT angiography, 3-D CT angiogram of different structures of the abdomen and pelvis (volume-rendering technique, VRT) derived from multidetector CT sections. [27]
Modern computed tomography technology (e.g. 64-lines volume spiral multilayer CT) provides new dimensions and indications for CT diagnostics and guarantees minimal dosage exposure for patients.
CT angiography is based on the same multilayer CT technology. In a blood vessel, the region of interest is scanned during fast intravenous injection of a iodine-containing substance to increase contrast of the structure. The resulting sectional images of branching vessels are then assembled by a computer to generate a 3-D image.
* clinical term: superficial femoral artery















Magnetic resonance imaging (MRI)
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Fig. 1.52 Magnetic resonance tomography (MRT) or imaging (MRI), axial (transverse) magnetic resonance image of the brain (T2-weighted). [27]
In magnetic resonance imaging patients are exposed to a powerful magnetic field. This causes all protons of hydrogen atoms in the body to align with the magnetic field which effectively transforms these hydrogen protons to become miniature magnets. Then patients are briefly exposed to radiofrequency pulses to systematically change the alignment of these protons.
When returning to their original position, the protons emit a weak radio wave that is detected by the instrument. The strength, frequency, and time it takes for the protons to return to their original position is an important information contained within the emitted signal and analysed by a computer to generate an image.
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Fig. 1.53 Magnetic resonance tomography, sagittal magnetic resonance image (MRI) of a knee (T2-weighted). [27]
Altering the sequence of impulses used to excite protons allows for different characteristic features of these protons to be analysed. These characteristics are called “weighting” of an MRI scan. Alterations in pulse frequency and scanning parameters result in T1-weighted (fluids: dark, fat: bright; e.g. joint effusion dark) and T2-weighted (fluids: bright, fat: gray; e.g. the conspicuous HOFFA’s fat pad between the patella and tibia) images. Thus, specifically T-weighted images emphasize particular tissue compartments. MRI can also be used to generate angiograms of the peripheral and central circulation.
* HOFFA’s fat pad















Nails
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Fig. 1.54 Distal finger phalanx with nail.
The nail is a convex-shaped, translucent keratin plate on the upper side of the distal phalanx of the finger and toe. It serves to protect the tips of the fingers and toes and supports the grasping function of the fingers. The nail embeds into cutaneous slits (nail grooves, nail wall) and its lateral margin is covered by the cutaneous nail wall or fold on both sides of the nail. The epithelial layer extending from the nail wall at the base of the nail onto the dorsal nail plate is called eponychium. The nail plate is anchored here to the nail bed, the skin beneath the nail plate.
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Fig. 1.55 Distal finger phalanx; nail partially removed.
The epithelium located beneath the free margin of the nail at the tips of the phalanges is called hyponychium (also known as “quick”). Beneath the epithelial hyponychium lies the fibrous base of the nail bed which is tightly connected with the periost of the distal phalanx. The proximal hyponychium forms the nail matrix which generates the nail plate. The lunule is the visible part of the nail matrix.
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Fig. 1.56 Distal finger phalanx; Phalanx distalis; sagittal section.
The nail bed comprises the region between the nail and the distal phalanx. It consists of epithelium (hyponychium and nail matrix) and the underlying dermis.











Clinical Remarks


White spots under nails are due to defective fusion of the nail plate with the nail bed. Changes in light reflection at these points cause the nail plate to appear milky-white (similar to the lunule). The lack of fusion may have different reasons, for example it occurs through physical trauma, it may result from certain medication, or it is linked to various diseases. Brittle nails signal lack of biotin (vitamin H). Biotin is required for the formation of keratin, the main component of the nail plate. Numerous systemic diseases are associated with nail changes. For example, psoriasis leads to the formation of small pits, oily spots and sometimes crumbly nails up to a complete nail dystrophy. Following skin and nail injuries, the nail can be colonized by fungi (onychomycosis). Treatment of fungal infections of the toenails is often lengthy.
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