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Abstract 

Background 

Medical knowledge is an immense pile of grossly unrelated facts. This study groups 

equivalent facts about different organs and environmental agents into a simple and 

clear clinical model (CM). CM aims at a concept of health that delivers a suitable 

background for software developers and serves as a basis for a clinical decision 

support. 

 

Results 

CM views persons as dynamic systems embedded in a local environment. The time 

of conception forms a border between each individual and its parents. After that and 

until death, a spatial border discriminates the individual from its actual environment. 

Data, nutrients, gases and waste products pass the spatial border through highly 

specialized structures and functions. For example, two-way communication between 

the environment and the mind relies on the senses and voluntary motor system.  CM 

sets individuals apart from the environment by a border in time and space. 

 

CM partitions a class called the general organ into parenchyma, tubes, slits/cavities, 

and connective tissue. Each of these four parts has equivalent morphology and 

functions in different organ objects. The equivalences facilitate overview and 

understanding of individual body parts. Organ objects are arranged in regions, 

segments and organ systems. All organ objects can consist of several tissues. Each 

organ object exposes some of its structures and functions to other organ objects. 

Interactions naturally organize in a limited number of links that account for intercellular 

metabolism, regulators, hemostasis, immune reactions, and somatopsychic- and 

psychosomatic reactions.  

 

Conclusion 

In this study, CM is a bio-psycho-social model of health. CM is a novel, versatile, 

systematic and scalable foundation for understanding disease. 

 

Key words  

Clinical model, nosology, general systems theory, systems biology, medical 

informatics. 
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Background 

A major stumbling block for clinical work is the lack of a suitable clinical model (CM) 

that discriminates health from disorder. According to the World Health Organization’s 

definition ‘Health is a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity.’ (WHO 2017). Huber and coworkers 

propose the formulation of health as the ability to adapt and to self-manage (Huber 

2011). These definitions tell nothing about central clinical concepts such as disordered 

organ function, etiology and pathogenesis, which are required for precision medicine 

(Collins 2015).  Also, they do not discriminate favorable from harmful environmental 

agents. Therefore, WHO’s and Huber’s health definitions are difficult to use in clinical 

practice. 

 

According to Canguilhem well-being is not felt (Canguilhem 2015:234). Rather, health 

is a multidimensional construct (CDC 2000). The variables include life expectancy, 

physiologic functions, emotional and cognitive functions, and perceptions about 

present and future health. In this study, health means the absence of symptoms and 

signs, and laboratory findings within the reference range. 

 

The term model means different things in different sciences (Black 1962, Rumbaugh 

1991, Clarke 2001, Bailer-Jones 2002, Diaconescu 2008, Chang 2012). A model is 

an abstraction of something for the purpose of understanding it (Rumbaugh 1991). A 

model may also contain a set of initial conditions that can be replaced during the 

development of a research program (Lakatos 1992). Here, the word model 

emphasizes global structures, properties, functions and relations between objects. 

 

Systems consist of components that interact and are often organized in a hierarchy 

of subsystems (Klir 1985, Laszlo 2002, Weinberg 2001, Fridman 2004, Ravasz 2002) 

called life’s complexity hierarchy (Oltvai 2002). Systems mount a well-defined border 

but are open to their environment (Watkins 2008). The behavior of systems is 

irreducible to their component parts and often display emergent functions (Cohen 

1986, Johnson 2001, Deco 2008, Riddoch 2010). Systems biology mostly concerns 

cells and cell organelles (ISB 2017). CM embraces all these levels. 

 

The biological and the psychosocial domains are governed by different types of “laws” 

(Popper 2011). The biological domain is ruled by immutable physical universal laws 

that can be used in technologies such as in the treatment of disease. Normative “laws” 
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on the other hand, vary in space-time and are modified by human will. Psychosocial 

and sociopsychic acts and their consequences operate within the normative domain. 

Biopsychosocial models vary considerably in structure and content (Botelho 1996, 

Engel 1977, Engel 1980, Goldberg 1992, Wulff 1993). Some hold that biopsychosocial 

disease models is nothing more than a linguistic construction (Kirkengen 2002). 

 

CM reorganizes and extends earlier biopsychosocial models and supplies a 

foundation for clinical decision-making. This study describes a CM of health. It models 

individuals that are well adapted to their physical and social environment and have an 

average life expectancy. Subsequent studies extend CM to disease and show that 

CM is founded on a consistent formal theory. 

 

Results and Discussion 

 

The clinical model (CM) 

CM is an open system embedded in an environment. Its spatial border is the outer 

surface of the evolving body, including the closed ends of gastrointestinal, 

genitourinary and respiratory tracts. The conception establishes the initial conditions 

for an  individual’s existence. Hereditary traits exist before the conception and belong 

to the individual’s temporal environment.  The system lives until all its functions 

irreversibly stop. Death is the final time-border.  Accordingly, the individual’s border is 

defined in space-time. 

 

The local environment is an ecological and social niche where healthy individuals 

grow, proliferate, thrive and prosper. They do not suffer from hereditary disease or 

mechanical trauma. The healthy individual has sufficient nutrients and vitamins, and 

copes with the chemicals and radiation it is exposed to. It lives in symbiosis with 

avirulent microorganisms. Healthy individuals inactivate virulent microorganisms. The 

healthy individual is at peace with its social surroundings. 

 

The social and psychological realms are usually placed in a world that is different from 

the physical world. But both sensory data and nutrients influence the brain. Data from 

the environment is sensed, processed, passed to motor area and output in the form 

of physical behavior. External physical agents and data affect the nervous system. 

Therefore, CM places the chemical, physical, psychological and social on the same 

footing. 
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Clinical models need to discriminate health from disorder. To know disorder requires 

detailed knowledge of health. Accordingly, we start with the structure and dynamics 

of health. We begin with a brief introduction to development, continue with body 

regions and follow up with the morphology and functions of the general organ. 

 

Ontogenesis 

Existence starts with the fusion of an ovum with a sperm. Individual cell lines start with 

an uncommitted stem cell that divides leaving one uncommitted stem cell and the 

other committed to differentiation. Division of the committed stem cell gives rise to an 

expanding tree. The cells differentiate until they become morphologically and 

functionally mature. The lifetime of mature cells is largely predetermined. 

 

Embryonic life starts with the conception and lasts to the ninth week. The first 

developmental stage is a cell clump named gastrula. The next stage, blastula, 

develops three different cell lines; ectoderm, mesoderm and endoderm, and a fluid-

filled cavity between the two first. Further development consists in the formation of 

branching tissue buds, tubes and cavities. 

 

The nervous system derives from ectoderm, a convoluted tube whose wall consists 

of connected nerve cells and supporting cells. The neural tube develops on the back 

side (dorsal side) along the embryo. The brain develops at the front end (rostral part) 

of the neural tube. The remaining part of the neural tube develops into the spinal cord.  

 

Nerve cell bodies (perikarya1) in the neural crest send two extensions (axons) in 

opposite directions. One to the spinal cord and the other to the sensory organs, skin 

and other tissues. The nerve cells become sensory nerves that transmit information 

from the periphery to the spinal cord and the brain stem. 

 

Motor axons develop from perikarya at the front (anterior side) of the spinal cord. 

Voluntary motor nerves diverge towards and attach to striated muscle cells with 

structures called synapses. 

 

 

1 The perikaryon is the compact area of a nerve cell that constitutes the nucleus and 
surrounding cytoplasm, excluding the axons and dendrites. 
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The autonomic nervous system develops from two different localizations. The 

parasympathetic branches stem from separate groups (nuclei) of nerve cell perikarya. 

The neural crest develops in parallel with the spinal cord into the sympathetic. Both 

connect to glands and smooth muscle. They sympathetic and para sympathetic nerve 

endings have opposite effects on their targets. 

 

The segmentation of the body takes place in the embryo. Perikarya grow in cell groups 

called nuclei that are arranged along the neural tube. The nuclei form seven segments 

in the column, twelve segments in the thoracic and abdominal regions, five segments 

in the lumbar region, and five segments in the hip or sacral region. Vertebra form 

between the nerves attached to the neural tube. Intervertebral disks form in parallel 

with the nerves allowing the nerves space to emerge from the neural tube to other 

tissues. Arteries and veins evolve along with the nerves. Accordingly, the nerves and 

vessels are segmentally arranged. In addition, the twelve ribs form from connective 

tissue buds in the thoracic region. 

 

The cardiovascular system develops as tubes in the mesoderm. At other places, the 

mesoderm is transformed into cartilage. The growth zones of long bones are made 

up of cartilage. The transition of cartilage into bone heralds the growth arrest. 

 

The skull, the brain and the heart exhibit corresponding features. They all develop 

from convoluted tubes that transform into four chambers. Skull, brain and heart 

constitute the terminal ends of the three organ systems. Whereas the skull and brain 

develop at the end of the embryo the heart develops in the thoracic region.  

 

Arms and legs are formed from mesodermal buds coated by ectoderm. The 

mesoderm differentiates into vessels, muscles and connective tissue. The ectoderm 

gives rise to skin and skin appendages. The endoderm forms the primitive intestinal 

tract tube. The lungs, liver and pancreas are formed from buds in the endoderm. 

These buds protrude into the surrounding mesoderm. The end bulbs and buds 

develop into parenchyma and tubes that pass fluid containing enzymes into the 

intestine. However, some cell groups disconnect from the buds and form endocrine 

glands, which deliver their contents into vascular tubes, i.e. capillaries. 

 

Bone marrow develops in cavities lined by bone on all sides. Here develop red blood 

cells, platelets and four white blood cell (leukocyte) lines. The lymphatic tissues 

consist of free cells, organized cell groups and organs developing from mesoderm 
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and endoderm. The organs are the thymus in the column and the spleen in the left 

side of the abdomen. Lymph node groups are strategically located to combat 

infections.  

 

Organs develop across segmental borders. After an initial growth period, some 

primitive organ parts degenerate in an orderly fashion and are replaced by adult organ 

structure and function. Three examples illustrate the process. First, a region of the 

abdominal endoderm develops into the pronephros, mesonephros and telonephros. 

The two first soon degenerate, but the last evolves into the kidneys. Second, the 

thyroid and parathyroid glands develop from the third and fourth endodermal pouches 

in the column region. These pharyngeal the pouches degenerate leaving two 

endocrine glands surrounded by connective tissue. Finally, in humans two mammary 

glands normally develop from the proximal domain of the long mammary ridge, and 

the remaining part of the ridge degenerates. 

 

The breasts, ovaries, uterus, vagina, clitoris, prostate, testicles and penis make out 

the sex organs. Sex hormones from the sex organs, determine the secondary sex 

characteristics such as bone length and size, hair distribution, voice pitch and muscle 

mass. 

 

Some structures are formed by ridges growing from two sides and fusing in the 

middle. The fusion is called a raphe. The palate and scrotum are closed by raphe and 

so is the dorsal part of the spinal canal.  

 

Fetal life begins when a prenatal individual is recognized as a human being. At that 

time the body plan has been laid down. Growth and tissue maturation continue until 

the end of puberty. Also, tissues are constantly remodeled throughout life. 

 

Healthy organisms heal trauma by regenerating damaged parenchyma or – if 

necessary - by forming scars. Tissue repair is a cardinal function of stem cells (Naik 

2018). Innate and acquired immune reactions fight harmful microorganisms and 

protect the organism against infection. Healthy organisms do not react towards 

allergens and do not exhibit autoimmune reactions. Liver enzymes detoxify damaging 

chemicals, and liver cells excrete the conjugates. The physical strength is sufficient 

to fight off animals and enemies. Finally, mental functions recognize social threats 

and fit the organism into its environmental-social niche. Accordingly, healthy 

organisms resist common environmental dangers. 
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Regions 

Anatomical regions facilitate the localization of body parts. The lungs and the heart 

are in the thoracic region. The abdominal region contains the liver (hepar), the spleen 

and the gastro-intestinal tract. Dermatomes and myotomes define other regions. 

Dermatomes correspond to sensible nerves in the body surface. A myotome is a 

muscle group that is innervated by one nerve. Regions facilitate the localization of 

structures and processes. 

 

Organ systems 

Immature body connect and fuse into organ systems. The musculo-skeletal system is 

formed by ligaments and tendons that hold bones and muscles on each side of the 

joints together. Synapses connect nerve cells to the neural system. Tubes and 

cavities create the vascular system, the esophago-gastro-intestinal tract, and the 

genito-urinary systems. Other organ systems, e.g. the bronchial tree and the 

cardiovascular system, have a hierarchical structure. There are also important 

hierarchies such as the efferent paths from the motor gyrus in the cerebral cortex to 

striated muscle. Afferent neural pathways transmit signals in the opposite direction: 

signals from sensible peripheral neurons land in the parietal, occipital and temporal 

cortices. Regulatory pathways contain feedback paths. Understanding organ systems 

requires knowledge of various formal structures.  

The general organ 
The general organ has all the properties exhibited by human organs. It consists of 

four structurally and functionally distinct macroscopic parts: parenchyma, tube 

systems, slits/cavities and connective tissue.  

 

The function of the general organ depends on the function of its parts. Some organs 

have all the afore mentioned parts, but other organs, e.g. the thyroid and adrenal 

glands, lack tubes and macroscopic slits/cavities. There are also tissues such as 

cartilage and the cornea, that lack vascularized connective tissue. The parenchyma 

performs the organs’ specific functions. 

 

But most organs are open compartments. Chemical substances and white blood cells 

(leukocytes) pass between different compartments. For example, leukocytes develop 

in specialized body parts, pass to the blood compartment and from there into the 

intercellular space of various organs. A partial exception is the central nervous 

system: the blood-brain barrier is a narrow barrier for chemical substances. 
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Parenchyma and connective tissue 

Typical examples of parenchyma are liver cells (hepatocytes), neurons, secretory 

parts of exocrine glands (mammary, lacrimal and salivary glands, pancreas), steroid-

producing cells in endocrine glands (adrenals, ovaries, testes), as well as the muscle 

cells of pumps such as the heart, and muscles for peristaltic movement in the intestine 

and other tubes. A parenchyma also makes out the inner epithelial lining of tube walls, 

and slits and cavities. In addition, the cells of connective tissue are considered as 

parenchyma in its own (functional) right. 

Morphology 

The morphology of parenchyma is defined by its components’ structures and their 

relative arrangements. The components’ structure is studied visually at various levels 

of resolution. The dead body is visualized by inspection and is static. Live morphology 

is dynamic and reflected in functions.  

Size 

The size of a parenchyma depends on its number of cells and the cells’ average 

volume. Cell number emerges from the balance between cell proliferation and 

programmed cell death. 

Cells 

The architecture of a parenchyma is largely determined by its constituent cells and 

their relative arrangement, which are influenced by cell-cell adhesion. Flat cells 

(endothelial cells) line all tubes of the cardiovascular and lymphatic systems, and the 

heart’s cavities. Cuboidal cells make out walls of kidney tubules, and cylindrical cells 

line the bronchi and the intestine. In epithelia, cells of the same cell line adhere to 

each other. Liver cells (hepatocytes) arrange in columns. Glands’ end caps that 

produce their secrete. Striated muscle cells are tubular. One tubule attaches to the 

next, and several strings of tubules are nested together. 

 

The morphology of tissues and parenchyma is influenced by their cells’ structure. 

Cells can have one or more nuclei each with a nucleolus. The cytoskeleton confers 

the structure and stability of cells. Variation arises from the organization of the 

cytoskeleton, which encompasses actin-, myosin- and other microfilaments, and 

microtubules. Different cells are built from similar organelles (mitochondria, vesicles, 

lysosomes, Golgi apparatus, endoplasmic reticulum) that differ regarding their 

constituent enzymes, structural components, transport molecules and metabolites.  
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The cytoskeleton is attached to intercellular connections like desmosomes. Cell-cell 

contacts and connections to ground substance are mediated by cell adhesion 

molecules (CAM’s), Intercellular connections play dominant role in development and 

the establishment of tissue functions such as synaptic contacts in neural networks 

(Sanes 1985, Shiga 1990). 

 

However, the surface cell membrane separates the extracellular from the intracellular 

space and (partially) insulates the cell interior from the extracellular compartment. 

Furthermore, the surface membranes of cell organelles discriminate the 

intraorganellar compartment from the cytosol and insulates organelles from each 

other. Internal processes are shielded and compartmentalized. Insulation prevents 

long-range chaotic behavior like the butterfly effect (Gleick 1998, Cohen 2000). 

Programmed cell death 

Programmed cell death plays an important role in regulating the fate of individual cells 

during development and in tissue maintenance in adult life (Zhou 2014). Apoptosis 

and necroptosis are two different types of programmed cell death. 

 

The typical sign of apoptosis is the fragmentation of cell nuclei and the appearance of 

small nuclear parts in a delimited cytoplasm. The cell is dissolved and removed by 

macrophages. The content of cells undergoing apoptosis is not released to the 

extracellular milieu and apoptosis does not trigger immune reactions. 

 

Intra- and extracellular regulators control programmed cell death. Mitochondria play 

an important regulatory role in apoptosis. The intracellular proteins Bax, Bak, Bid and 

Bim are proapoptotic regulators, whereas Bcl-2, Bcl-xL and Bcl-W are antiapoptotic 

regulators. Necroptosis is activated by another set of ligands and death receptors 

(Zhou 2014). 

 

Necroptosis is an innate defense mechanism against viruses. It allows a cell to 

undergo "suicide" in viral infections that overcome other innate immune defense 

systems. Viruses of within infected cells are contained and inactivated. Leaks in the 

cells’ membrane give rise to an immune reaction. Some extra- and intracellular 

regulators are known (Khandia 2019). 
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Solid organs 

The cells of organs are arranged in tissues that have a varied morphology. The cells 

of the liver (hepatocytes) adhere to each other to build columns. The columns diverge 

from a central vein. Each such unit makes out a lobule and counts as a functional unit. 

 

The hypophysis consists of various closely arranged epithelial cells organized in 

different cell lines. Each cell line produces a hormone. The same is true of the three 

layers of different adrenal cell lines that produce different steroid hormones. Steroid 

hormone producing cells of the ovaries and testicles are arranged in groups. In 

contrast, the thyroid consists of spherical groupings of cells that surround a core of 

fluid containing thyroid hormone precursors. The islets of Langerhans are groups of 

cell lines in the pancreas that each either produce insulin, glucagon, gastrin or 

vasoactive intestinal peptide (VIP). 

 

The kidneys are composed of units called nephrons that consist of a glomerulus and 

an attached tube. A glomerulus is a capillary-rich tuft. Urine production starts in the 

glomerulus. From here the primary urine passes through an ingenious sequence of 

microscopic tubules lined by a single-layered epithelium. The lining cells secrete 

waste products, absorb some salts (electrolytes) and water, and secrete others. The 

tubules end in the renal pelvis. Cells producing the regulator renin are situated in the 

juxtaglomerular apparatus between the afferent arteriole and the efferent arteriole of 

the glomerulus. Renin-producing cells are in contact with certain tube cells. 

Bone marrow 

Bone marrow is found in the spongy portions of bones. It is the primary site blood cell 

production (hematopoiesis) delivering about 500 billion blood cells per day. 

Hematopoietic stem cells give rise to white blood cells (leukocytes), red blood cells 

(erythrocytes) and platelets (thrombocytes). The leukocytes consist of four cell lines: 

neutrophils, eosinophils, basophils, and monocytes. The latter differentiate into tissue 

macrophages. Langerhans' histiocytes are bone marrow-derived monocyte-

macrophage cells; they include Langerhans' epidermal cells, Kupffer's cells in the 

liver, osteoclasts, and alveolar macrophages. The cells are human leukocyte antigen-

DR-positive (HLA-DR). 

Lymphatic tissue 

Lymphatic tissues consist of free-living cells called lymphocytes, plasma cells, and 

macrophages, dendritic cells and reticular cells. The cells are organized into roughly 

spherical lymphoid follicles, which divide into an outer cortex and inner follicle center. 
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Upon stimulation, the center of the follicle develops into a germinal center. Mature B-

lymphocytes (plasma cells) are located in medullary cords that extend from the cortex 

tissue into the medulla. T-lymphocytes are located in the more diffuse tissue between 

the nodules. 

 

Lymphoid follicles are widely distributed in the body. Collections lymphoid follicles 

make out most of the lymph nodes, tonsils, Peyer’s plaques, the thymus and spleen, 

which organize the follicles in different ways. The thymus supplies other lymphoid 

tissues with T-lymphocytes. Various types of T-lymphocytes differ in regard to their 

tolerance to the host’s tissues, and in their activity towards the host, and towards 

foreign such as microorganisms. 

The nervous system 

The brain is perhaps the most complex structure in the universe. The central and 

peripheral nervous systems contain various classes of neurons, supporting glia cells 

(astrocytes and oligodendroglia cells), and immune cells (microglia). Neural cells 

adhere to each other at the synapses. Training and learning constantly remodels the 

brain and alter synapses, a process called plasticity. 

 

The nervous system partitions into the peripheral (PNS) and central nervous system 

(CNS). PNS consists of all the nerves. Each nerve is a bundle of axons surrounded 

by a sheath of strong fibrous tissue. Afferent nerves send signals from the periphery 

to the CNS. Efferent nerves transmit signals from the CNS to other tissues. 

 

CNS consists of the brain and the spinal cord. The parenchyma of the brain builds a 

huge neural network. Nerve cells are arranged in six layers of the cerebral cortex, and 

concentrate in various nuclei (caudate, putamen and globus pallidum, thalamic nuclei, 

subthalamic nucleus, dentate nucleus, etc.), and the nuclei of the hypothalamus, the 

midbrain and endbrain, and finally the cerebellum with its cortex and nuclei. The 

cerebral cortex communicates reciprocally with these sites. 

 

Nuclei communicate with each other over direct and indirect pathways. The cerebral 

cortex and nuclei are sorted into functionally different areas. The primary sensory area 

is somatotopically organized, which means that an innate cortical body map 

corresponds with the geometry of the body. It is localized in the postcentral gyrus of 

the parietal lobe. This organization also holds for pain. 
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Optic, acoustic and sensible information arrive in the occipital, temporal and parietal 

lobes, respectively. Acoustic signals are tonotopically organized in the superior 

temporal gyrus. Smell and taste are processed in a part of the orbitofrontal area. 

Vision, hearing and the vestibular system and their connections interact in the parietal 

cortex and with the cerebellum to orient us in four-dimensional space-time. 

 

Smooth movements require two-way interaction of the motor cortex to and from the 

basal ganglia and the cerebellum. The cerebellum uses feedback to direct muscle 

movements towards goals set up by the conscious mind. The cerebellar circuitry 

calibrates reflexes as exemplified in its role in the vestibular-ocular reflex adaptation 

(Houck 2014). The cerebellum uses negative feedback and contributes to 

coordination, precision, and accurate timing by adjusting muscular movements and 

minimizing wagging and wiggling. 

Connective tissue 

Connective tissue connects and supports body parts. Connective tissue is composed 

of various cell types (fibroblasts, fibromyoblasts and fibrocytes, white and brown fat 

cells (adipocytes), mast cells, cartilage cells (chondrocytes and chondroblasts), bone 

cells (osteoblasts, osteocytes, osteoclasts)), fibers (collagens, laminins, elastin), and 

finally ground substance, which mainly consists of branching, long chain sugars 

(glycosaminoglycans) and long sugars chains connected with proteins 

(proteoglycans). Connective tissue surrounds nerves, muscles and vascular 

structures. 

 

Fibroblasts are a heterogeneous cell population with a wide dynamic range (Tracy 

2016). They produce collagen, laminin, elastin and proteoglycans that make up the 

ground substance between cells (Shaukat 2016). Collagen and elastic fibers provide 

structure, tensile strength and elastic force to tissues (Tracy 2016). Proteoglycans 

and glycosaminoglycans bind water and electrolytes, i.e. function in hydration, 

buffering, and disperse forces within tissues and provide turgor to tissues. Fibroblasts 

participate in tissue regeneration and are responsible for scarring. 

 

Fat cells (adipocytes) store energy in the form of triglycerides. Lipases split 

triglycerides into Free Fatty Acids (FFA) and glycerol that are liberated to the 

circulation and metabolized to ATP, water and CO2 in various tissues including the 
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brain and striated muscle. Under anaerobic conditions lactate is generated instead of 

CO2. 

 

Mast cells contain regulators like histamine, which control the blood flow through 

capillaries. After tissue damage endothelial cells proliferate and form capillaries to 

form granulation tissue in the early phase of regeneration and/or scar formation. 

 

Glial cells (astrocytes and oligodendroglia) make out the connective tissue of the 

central nervous system. The cells are tightly knit together and to nerve cells. 

Therefore, brain and spinal cord have sparse ECS. 

 

Collagen and elastic fibers establish physical connections between organs and 

between cells and extracellular components. Fibers, glycosaminoglycans and 

hydroxyapatite of bone are localized in the extracellular space (ECS) outside of 

capillaries. 

 

Function 

The total function of a parenchyma depends on the number of cells in each cell line 

and average function of mature cells. Generally, the size of a parenchyma is a key 

determinant of its function. 

 

Morphology and function are closely related. Each cell line has a limited, but well-

defined set of functions. Each cell organelle has complex internal functional network 

that is neither exposed to the fluid cytoplasm nor to other organelles. Externally 

expressed cell functions depend on specialized connections between the intra- and 

extracellular compartment. 

Functional genomics 

Each cell of an offspring contains 46 chromosomes existing as 23 pairs - one from 

the mother and the other from the father. A gene occurring on a chromosome from 

the mother has a gene in the same place on the corresponding chromosome 

stemming from the father. Two such corresponding genes are called alleles.   

 

The human genome consists of about 23.000 structural genes that make out about 2 

% of the genome. Structural genes consist of exons and introns. Exons carry the 

templates for proteins including enzymes. Structural genes that code for enzymes that 

belong to the same metabolic pathway are usually found in the same chromosome 
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region and their genes are expressed together. Introns that are split off have important 

regulatory functions. 

 

Genetic information is read off a gene as one heavy nuclear RNA molecule (hnRNA). 

The introns are split off. The exons are joined together, copied into messenger RNA 

(mRNA) and transported to the cell fluid (cytoplasm). mRNA attaches to structures 

called ribosomes that are synthesized from ribosomal RNA (rRNA) made in the 

nucleolus. mRNA and ribosomes form polyribosomes. Ribosomes move along mRNA 

whereby the genetic code is translated into proteins and peptides. 

 

Amino acids are the building blocks for proteins. They are tagged with transfer RNA 

(tRNA). tRNA binds to complementary triplets of purines and pyrimidines on mRNA. 

Ribosomes couple amino acids together and generate proteins. Cellular proteins are 

made on polyribosomes lying free in the cytoplasm. Proteins destined for secretion 

are produced on polyribosomes attached to the rough endoplasmic reticulum. 

 

Cells eliminate damaged proteins. Misfolded proteins are tagged enzymatically to a 

polyubiquitin molecular chain. Polyubiquitin guides the proteins to a structure called 

proteasome where they are degraded to amino acids by proteases (Kato 2018). The 

amino acids form new proteins or are used as metabolites (see below). 

 

About 98 % of the genome guides the development of organ systems, organs, cells 

and cell organelles, and regulates cell functions. Fertilization sets the initial conditions 

for development, which is steered by genetic and epigenetic programs, and 

extracellular regulators. The nuclear control structure builds on activator proteins 

(transcription factors) and microRNAs (miRNA). How transcription factors and miRNA 

work together is still largely unknown (Liu 2018). 

 

Genetic and epigenetic factors make up genetic programs that rule cell proliferation 

and -differentiation. Enhancers are short DNA regions acting as nuclear regulators. 

The binding of transcription factors to enhancer initiates gene transcription into 

hnRNA. Transcription and single nucleotide polymorphism (SNP) affect the 

phenotype (Liu 2010). The homeobox family of genes control dorsal-ventral 

development (Carroll 1995, Szathmary 1995). That gene family also determines the 

differentiation of cells and tissues and directs the formation of limbs and organs. 
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Several genes cooperate in organ differentiation and maturation. The sex-determining 

region Y (SRY gene) in the Y chromosome participates in gonad development 

(Sinclair 1990). Just by itself, the SRY gene can switch the immature gonad to ovarian 

or testicular development. In contrast, the gene WNT4 promotes ovarian development 

and suppresses the testicular program (Ainsworth 2015). Thus, several genes 

cooperate to form the biological sex. 

 

Among the epigenetic regulators of development are DNA methylation (Sharif 2018), 

histone modification, miRNA and long noncoding RNA (lncRNA) (Chatterjee 2017). 

Development is also affected by the ovum’s cytoplasm (Winata 2018). The dream of 

a human cell atlas and single cell developmental genomics seems ready for empirical 

investigations, but there is still a long way to go (Stadler 2017, Regev 2017, Human 

cell atlas 2017). We are under way, however. A recent study shows that Extracellular 

signal-Regulated Kinase (ERK) activation plays an essential role in osteogenesis and 

bone formation (Kim 2019). 

Cell biology 

Cell nuclei contain most of the genes which orchestrate all cell functions by 

determining the production of the cells’ proteins.  Mitochondria are responsible for 

aerobic metabolism and serve as the cells’ powerhouse. They inherit DNA only from 

the host’s mother. The sarcoplasmic reticulum is found only in striated muscle. It is 

involved in muscle contraction by controlling the amount of free calcium ions (Ca++) in 

the cytoplasm. 

 

All cells take up gross amounts of extracellular material by endocytosis. Endocytosis 

starts with invagination of the surface membrane that detaches from the membrane. 

Endosomes form spherical, membrane-coated cavities named vesicles. The contents 

of endosomes are used as signal molecules or are degraded to metabolites. Some 

vesicles recirculate their contents to the ECS. 

 

Phagosomes liken endosomes and contain microorganisms that are destined for 

digestion and killing by the cells that eat them (phagocytes). Lysosomes contain 

enzymes and other substances including defensins that kill bacteria. Lysosomes and 

phagosomes fuse into phagolysosomes and complete killing and digestion. 

 

Newly formed proteins enter vesicles forming on the endoplasmic reticulum. Protein-

containing vesicles bud off and pass to the Golgi apparatus they coalesce with the 
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membrane and empty their contents. Here, sugars and other components are 

attached to the proteins. Secretory vesicles bud off the Golgi apparatus. They are 

transported to and fuse with the surface cell membrane. The vesicle opens and 

releases its content to the ECS in a process called exocytosis. Peptide hormones, 

proteins, enzymes, transmitters and casein, for example, are released from cells by 

exocytosis. Trafficking of secretory granules are tightly regulated by proteins that 

control vesicle docking and fusion (Hammel 2010). This allows a precise control from 

neurotransmitter release to the synaptic cleft to bulk enzyme secretion by pancreatic 

acinar cells.  

 

Transcytosis is vesicular transport through a cell. Transcytosis consists of the inward 

transport of large molecules and fluid into cells by endocytosis and release from the 

opposite side by exocytosis. Typically, endothelial cells lining vascular walls pass 

regulators, nutrients and fluid from the blood into the surrounding tissue by 

transcytosis.  

 

The production of toxic oxygen radicals in phagosomes and oxidative burst granules 

and average mitochondrial membrane potential is measured in individual cells 

(Bassøe 2003). The former is important for killing virulent microbes and depends on 

phagocytosis and other stimuli. 

Mechanical functions 

Bone, tendons, fascia and cartilage confer the mechanical stability of the organism. 

Bone resists compression, bending and traction induced by activities of daily living. 

 

Striated skeletal muscle cells sustain voluntary motion through cycles of contraction 

and relaxation. The strength of contraction is determined by the number of parallel 

muscle cells contracting simultaneously. The length of shortening is determined by 

the number of linearly organized muscle cells that contract simultaneously. 

 

The myocardium drives blood flow through the vascular tube system. The pump 

consists of striated muscle cells in the heart wall and is collectively called the 

myocardium. The systole and the diastole are the myocardium’s phases of contraction 

and relaxation, respectively.  

 

Thoracic and diaphragmatic striated muscle pumps drive gas flow through the bronchi 

into the lungs during the inspiration. The expiration of gas is mostly driven by the 
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passive contraction of stretched and strained elastic fibers in the lungs. Some more 

gas can be squeezed out of the lungs by voluntary muscle activity. 

 

Contractions of the stomach musculature forces ventricular content through the 

pylorus into the duodenum. Regurgitation into the esophagus is hindered by 

involuntary smooth muscles that close the backward passage. Smooth muscles of the 

urinary and biliary bladder force urine and bile through the urethra, and bile duct, 

respectively. Contraction of the smooth uterine muscle brings out the fetus. 

 

Mechanical activities cover a broad range of energy-dependent cellular activities. The 

cytoskeleton supports mechanical functions. Contraction of striated cardiac- and 

skeletal muscle is caused by the sliding of myosin and actin along each other. In long 

nerve cells transmitter-containing vesicles produced in the cell body (perikaryon) roll 

along the axonal cytoskeleton towards the nerve end (synapse). Mechanical activities 

depend on the splitting of energy-rich ATP molecules to energy-poor ADP ones giving 

off phosphorous (P). 

 

Some cell types have several mechanical functions. For example, certain leukocytes, 

the polymorphonuclear neutrophilic granulocytes (PMN), are released from the bone 

marrow to the blood circulation, adhere to capillary endothelial cells, and move 

towards microorganisms (chemotaxis). On their way through the ECS PMN, 

monocytes and macrophages, and dendritic cells, secrete enzymes, and engulf 

(phagocytose), kill and destroy microorganisms. 

 

Lymphocytes also circulate by cell-specific pathways from tissues along lymph 

capillaries to lymph nodes and from there to the blood. Different sets of lymphocytes 

are taken up into spleen, thymus, various parts of the intestine and skin. Some 

lymphocyte types start to differentiate when they anchor to antigens on antigen-

presenting cells. Depending on the antigen source, the process leads to tolerance 

against the host or immunity against microorganisms. 

Electrical activity 

All cells keep an energy-dependent resting surface membrane potential. Sodium ions 

(Na+) are actively pumped out of cells and potassium ions (K+) enter them, building 

up the resting membrane potential. Transmitter molecules trigger action potentials, 

i.e. acute depolarization of the membrane potential, which is caused by rapid inward 

flow of Na+ and outward flow of K+. Action potentials occur in all cell types. 
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Depolarization is followed by repolarization, which re-establishes the resting 

membrane potential. 

 

In awake brains electrical currents are fast and irregular, in sleeping brains currents 

are slow and more rhythmic. In the heart, the systole-diastole cycle is linked one-to-

one with the electrical depolarization and repolarization of myocardial cells. 

 

Depolarization spreads from the nerve cell body to axons and along axons to their 

end bulbs. There, the electrical current causes transmitter-containing vesicles to fuse 

with the membrane. The vesicles open and release transmitters to the synaptic cleft.  

 

Several different molecules (acetylcholine, adrenalin, noradrenalin, glutamate, GABA, 

Dopamine and endorphins) serve as transmitters. Transmitter molecules pass from a 

nerve cell to the next nerve cell where they bind to specific receptors. Transmitter-

receptor interaction causes depolarization in the receptor-carrying nerve cell and 

leads to contraction of muscle cells and secretion in exocrine glands. 

 

In the brain, ion channels are cell type and network specific (Noebels 2017). They 

affect brain function at multiple stages of development. In the heart, electro-chemical 

coupling is slightly different. Large nerve bundles transmit some of the electrical 

currents. In addition, there are direct connections between myocardial cells that pass 

currents from one myocardial cell to the next.  

 

It is less commonly realized that all cells have membrane currents, membrane pumps 

and channels transporting ions such as Na+, K+, Ca++ and Mg++. Deviations of these 

currents cause several disorders. 

Metabolic functions 

The chemical functions of individual cells consist of absorption, metabolism and 

secretion. Metabolites are molecules such as water and electrolytes, carbohydrates, 

fatty acids, amino acids, purines and pyrimidines. Metabolites are coupled and divided 

by enzymes, which assemble into metabolic pathways - among others for energy 

production. Metabolism also involves the synthesis and degradation of large 

molecules such as glycogen, triglycerides, enzymes, RNA and DNA, and structural 

proteins. 

Absorption 
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One plasma membrane surrounds each cell. Absorption through the membrane 

involves two mechanisms. Small ligands and ions are transported into cells by specific 

membrane channels. Glucose, and ions such as Na+, Cl- and Ca++, enter the cell 

interior through membrane channels. Large ligands (large molecules) and particles 

bind to specific surface membrane receptors. Ligand-receptor complexes are 

internalized by endocytosis (see below). Intra- ad extracellular regulators such as 

insulin and neurotransmitters, adjust the rate of transport. 

Intracellular metabolism 

Parenchyma functions depend on energy from degradation of glucose (glycolysis), 

free fatty acid (FFA), and amino acids. The common terminal metabolite of these 

pathways is acetyl-coA, which enters the cells’ power generators (mitochondria) that 

produce chemical energy in the form of ATP. ATP drives muscle contraction, 

membrane pumps, cell motion, and endo- and exocytosis. The overall oxidative, i.e. 

oxygen-consuming reaction is 

 

ADP + O2 + acetyl-coA → CO2 + H2O + ATP 

 

Under anaerobic conditions lactate is generated instead of CO2. 

 

Liver cells (hepatocytes) and striated muscle cells assemble glucose molecules into 

large glycogen molecules and store the glycogen. Glycogen is digested to glucose. 

Adipocytes store FFA in the form of triglycerides, which are digested to FFA. Thus, 

stored energy in the form of glycogen and triglycerides is available on demand. 

 

Cells make proteins and peptides. Some proteins are transported from one organelle 

to another (Hansen 2018). Others are stored in intracellular vesicles. Protein secretion 

starts with the fusion of a protein-containing vesicle with the plasma membrane and 

the proteins is released to the extracellular space. The process is called exocytosis. 

Hepatocytes secrete coagulation factors and albumin to the blood stream. Nerve cell 

terminals use exocytosis to release transmitters to the synaptic cleft. Endocrine cells 

secrete peptide hormones such as insulin. In addition, cells secrete metabolites such 

as glucose and ions through the plasma by specific membrane channels. Intra- and 

extracellular regulators cooperate to adjust the rate of secretion. 

 

Cell surface membranes contain receptors for extracellular regulators (ligands). The 

receptors’ effects are mediated by intracellular secondary messengers and signaling 
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pathways, which control intracellular metabolism, cell proliferation, differentiation, 

maturation, survival and programmed cell death (apoptosis) (Verhagen 2001, 

Kitagawa 2015, Chen 2017), and electrical and mechanical cell functions. The lack of 

a receptor towards a ligand leaves a cell unresponsive to that ligand. Each cell line 

responds to some regulators and is insulated from others. 

 

Biochemical pathways connect subcellular organelles. The cytoskeleton also 

structures intracellular biochemical pathways. 

Secretion 

Classical endocrine glands produce extracellular regulators. The thyroid gland 

produces and secretes the hormones thyroxin and thyrocalcitonin. Different adrenal 

gland cells produce cortisol, aldosterone and steroid sex hormones. There are six 

types of cells in the pancreatic islets of Langerhans: β-cells secrete insulin; α-cells 

secrete glucagon; PP-cells secrete Pancreatic Polypeptide, δ-cells secrete 

somatostatin; and  -cells secrete ghrelin. Among the classical endocrine hormones 

are also the steroid hormones cortisol, testosterone, estradiol, and progesterone, and 

the pituitary polypeptides growth hormone (STH), prolactin, thyroid stimulating 

hormone (TSH), luteinizing hormone (LH) and follicle-stimulating hormone (FSH). 

Vasopressin and oxytocin are small peptides stemming from the neurohypophysis. 

Excretion 

Exocrine glands produce and secrete water, electrolytes and enzymes to tube 

systems. Salivary glands deliver enzymes and fluids to the mouth and initiate 

digestion. Stomach parietal cells produce the acid HCl, and crypt gland cells produce 

the enzyme pepsin that digest proteins. The stomach also makes intrinsic factor that 

binds vitamin B12. The intrinsic factor-B12 complex is absorbed in the distal part of 

the small intestine (ileum). 

 

Hepatocytes make bile acids that solubilize duodenal fat and promotes fat uptake in 

the duodenum and proximal small intestine (jejunum). Pancreatic exocrine glands 

deliver bicarbonate (HCO3
-) to the duodenum and neutralizes HCl from the stomach. 

These glands also secrete lipase, proteases, DNase and RNase to the duodenum, 

that digest fat, proteins, and DNA and RNA into their component parts: fatty acids, 

amino acids, purines and pyrimidines, respectively. 

 

Goblet cells in tube walls secrete mucin to the bronchi, stomach, intestine, colon and 

uterine cervix. Combined (seromucous) glands secrete water and electrolytes, and 
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mucin to the bronchi. Airborne particles adhere to the sticky mucin in bronchi. The 

particles are transported by ciliated epithelial cells to the larynx and swallowed. 

 

Other exocrine glands secrete to the environment. Milk, water and electrolytes, and 

fat are produced and secreted to the environment by the mammary-, sweat- and 

lacrimal-, and the sebaceous glands, respectively. 

 

In men, the bulbourethral gland delivers a little fluid during sexual arousal. The 

secretion is a clear fluid rich in mucoproteins that help to lubricate the distal urethra 

and neutralize acidic urine. The fluid may contain some motile sperm (Killick 2011). 

In women, Bartholin glands are two pea sized glands located slightly posterior to and 

to the left and right of the opening of the vagina. They secrete mucus to lubricate the 

vagina and the clitoris. The fluids facilitate sexual intercourse. 
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Immune functions 

Innate immune cell functions combat microorganisms at sites of their encounter such 

as skin, upper respiratory tract, mouth and outer part of the eyes. Innate immune 

functions are orchestrated by non-follicular T lymphocytes (non-TFH). 

 

Adaptive immunity, which is tailored against pathogens, is provided by T follicular 

helper (TFH) lymphocytes. TFH are a subpopulation of CD4+ T lymphocytes that support 

B lymphocyte antibody production and the establishment of B cell memory (DiToro 

2018).  

Senses 

Nerves are bundles of axons transmit signals from the periphery to the spinal cord. 

Schwann cells produce cell membrane sheets that wrap around some axons with 

several layers of cell membranes These myelinated axons are classified as A or B 

fibers depending on their diameter. The conductance along the fibers increases with 

increasing diameter. c-fibers are slow unmyelinated axons. 

Somatic sensation 

Various myelinated nerve fibers in the same area register light touch, pressure, 

vibration and temperature in the same body part (Ruch 1966a). Each sensory axon 

ramifies and cover a skin area of about 1 cm2 in diameter.  Touch and pressure are 

registered by free nerve endings mostly located to hair roots. Steady pressure and 

texture are detected by Merkel receptors that are located in the epidermis. Meissner's 

corpuscles beneath the epidermis specialize towards monitoring flutter and stroking. 

Vibration is registered by Pacinian corpuscles and stretch by Ruffini corpuscles. The 

nerve endings pass by the dorsal root into the posterior gray horn where signals are 

transmitted to a second neuron. This region contains a gate that limit the transmission 

of pain signals. 

 

Sensory information is sent from the spinal cord to the thalamus and from there to the 

cerebral cortex and brain nuclei. The posterior central gyrus holds a map of the human 

boy (Ruch 1966b). 

Pain 

Pain is transmitted by A- and c-fibers that react to pressure, temperature or 

substances. Very high-pressure triggers dermal nociceptors (Ruch 1966c). 
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Very high and very low temperatures activate heat sensitive skin nociceptors giving 

rise to the sensation of burning or freezing pain. Several ligands, e.g. the 

prostaglandin PGE2 and bradykinin, are involved in the generation and maintenance 

of pain in peripheral nerves and the spinal cord (Kirkby 2015, Kawabata 2011, Lin 

2006, Stock 2001).  

Thermal functions 

One type of peripheral thermoreceptors reacts to heat and another type to cold. 

Cerebral thermosensors react to the temperature of the skin, signals from the immune 

system, the core temperature and the brain itself when it reacts towards social strain 

(Kataoka 2014). Thermosensors activate afferent nerves that signal to the preoptic 

area (POA) in the anterior hypothalamus. POA integrates the information and 

maintains a steady state core temperature around 37oC (Romanovsky 2007, 

Nakamura 2011). 

 

Body temperature reflects the balance between heat production and heat loss. 

Metabolism and striated muscle shivering produce heat. Brown adipose tissue 

situated in the neck region also generate heat. The evaporation of fluid from sweat 

glands cools the skin and its capillaries. Heat is also lost by convection from skin 

capillaries.  

Optical functions 

Vision depends on light transmission through the eye to the light receptors in the 

retina. Accurate vision (emmetropia) depends on the diameter of the eye bulb, and 

light refraction in the cornea, eye lenses and vitreous body, light stimulation of rods 

and cones, and normal function of the retinal neural net. There are about 120 million 

rods. They are more sensitive to light than the cones. However, they do not 

discriminate colors. The 67 million cones are divided into red, green and blue color 

detectors.  

 

Light is detected by light receptor proteins called opsins. Variation in opsins and color 

detectors in the visual cortex make different people live in different color worlds. That 

is not a problem in verbal communication about colors because we simply agree on 

color names.1 

 

 

1 The seeming multi-world philosophical problem (solipsism) is an ostensively solved no-
brainer.  
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The eye is an optical instrument (Weymouth 1966). 

 

Pigment cells (melanocytes) have light receptors too. Animal coloration is vital for 

mate selection, camouflage, warning, and esthetics. Brown colored melanin protects 

us from environmental light sources that otherwise would damage epithelial cells and 

connective tissue - including capillaries. Brown colored melanin protects the retina 

and stem cells of the skin from ultraviolet radiation damage.  

 

 

UV-light exposure stimulates melanin production by melanocyte. 

 

In addition, activated neutrophils and monocytes emit light (chemiluminescence).  

Acoustic 

The auditory system and the skin react to pressure variation. The auditory system 

consists of the ear drum, and a chain of three small hearing bones. The last bone in 

the chain transmits pressure via a tiny moving window in the skull to the liquor in the 

inner ear. Pressure variations in the liquor are transferred to the hairy cells in the inner 

ear and from them to acoustic nerve cell endings. (Towe 1966a). From here a neural 

network transmit auditory signals to a region to the temporal cortex and analyze them 

for frequency, intensity and pitch. The analysis results in the experience of syllables, 

and generation and understanding language in the left temporal cortex in right-handed 

persons, and music in the right temporal cortex. Left-handed persons experience 

language and music from the opposite sides of the brain. 

Proprioception 

Proprioceptive nerve fibers monitor muscle length and contractile strength, tension in 

tendons and joint capsules. The three types of proprioceptors are muscle spindles in 

skeletal muscle fibers, Golgi tendon organs at the interface of muscles and tendons, 

and joint receptors, which are found in joint capsules. Signals informing on limb 

position of, the angles of joints and the motion of legs and arms is processed in the 

cerebellum and basal ganglia for the brain. This kinesthetic perception is mostly 

subconscious.  

Chemoreceptors 

Respiration is mainly autonomous, and it is controlled by the blood concentration of 

O2 and CO2. Chemoreceptors play an important role in pain signal generation (see 

above). It is important to note that they also influence emotions and behavior. 
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Voluntary motor nervous system 

The voluntary motor nervous system steers the activity of skeletal muscle. Pyramidal 

nerve cells of the motor area of the cerebral cortex interacts with nerve cells in basal 

ganglia and the cerebellum to generate fluent motion (Ruch 1966b). During walking 

the extensors contract and the flexors automatically relax, and vice versa. The 

cerebellum coordinates vision and position. Basal ganglia participate in the control of 

muscle force and length. Fluent movement requires cooperation of all these actors. 

Mind 

The relationship between the brain and the mind remains a deep philosophical 

problem. Plato gave intuition access an ideal world distinct from the material one that 

we live in. Descartes’ dualism holds the soul to be distinct from (brute) matter but 

allowed for an unbelievable interaction through the pineal body (Descartes 1972). 

John Locke held that all knowledge is acquired, and the mind starts out at birth as 

blank canvas (Locke 1973). 

 

The philosophers Thomas Hobbes, John Locke, David Hume and Immanuel Kant 

pondered about the senses and thought (Hobbes 1985, Hume 2006, Kant 1970). Kant 

pioneered the thought that the brain organizes and shapes our empirical experiences 

and thought this property to be an a priory faculty, which he called transcendental. 

This view is corroborated by modern neurophysiology. However, external objects may 

not be as inaccessible as Kan thought. Today, some think that our knowledge of the 

external world is obtained through voluntary motor effects on external objects and the 

return the effects to the brain through the senses (Lakoff 1999). The mind compares 

predicted external effects with the actual effects. The conformity between prediction 

and observation is used for learning. More about this later. 

 

Hume held strong opinion on the relation memory and causality: causality is a mental 

phenomenon shaped by habit formation. Modern philosophers of mind discuss 

behaviorism, identity theories, functionalisms, computer programs as models of mind, 

artificial intelligence and other theories of mind (Chalmers 1997, Crane 2003, Crane 

2009, Heil 2011, Maslin 2011, McCulloch 1995, Popper 1977, Searle 2004, Searle 

1990, Tye 1995). Daniel Dennett claimed to have solved the problems of the mind 

(Dennett 1995, Dennett 2010). Such speculation is unfitted to understand and explain 

the working mind. Understanding the mind demands additional knowledge of neural 

networks, neurochemistry, neurology and psychiatry. 
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The concepts ‘mental’ and ‘mind’ are addressed in neuroanatomy, neurobiology, 

neurophysiology and neurology. It is clinically important to avoid a reductionism that 

holds the mind only to be something physical (Brodal 2018). ‘Mental’ and ‘mind’ are 

useful and important clinical concepts in psychology, psychiatry, and other clinical 

domains. I think that understanding of the mind and mental disorders is facilitated by 

concepts and tools from logic, linguistics and informatics. 

 

The brain is a large local area network (Minsky 1988). The default mode network 

(DMN) is active when wake persons are not involved in some task. The activities of 

interacting brain regions involved in one DMN are highly correlated with each other 

and distinct from other DMN networks. DMN is active during social working memory 

use and in autobiographical tasks. Core areas include the ventral inferior parietal 

cortex bilaterally, the ventromedial prefrontal cortex and the posterior cingulate. Other 

regions are involved in the executive regulation of semantic knowledge (Hoffman 

2018). Still other DMN are active when the mind works on mathematical problems, 

perform motor activities and attend to external inputs. Also, common DMN networks 

involved in creative cognition, and differ from insight-specific networks (Ogawa 2018). 

Networks involved in arithmetic seem to evolve with age (Peters 2018). In adults, 

arithmetic recruits a large set of interconnected areas, including prefrontal, posterior 

parietal, occipito-temporal and hippocampal areas. Some networks are more 

important for procedural strategies, whereas others seem to be more relevant to fact 

retrieval. This is only a few of the many sides of the huge mental network.  

 

Pain protects the body. A wide DMN is involved in subjective pain experience 

(Haggard 2013). The areas involved are the primary somatosensory cortex, 

secondary somatosensory cortex and its vicinity in the parietal cortex, insula, anterior 

cingulate cortex and prefrontal cortex (Treede 1999). Fine-grained maps of both 

nociceptive and non-nociceptive inputs in the primary and secondary sensory cortex 

develop from parallel activity in mechanoreceptors and nociceptors (Haggard 2013). 

Other parts of DMN are related to emotion, arousal and behavior. The insular and 

cingulate projections regulate distributed, non-spatial responses to pain, including 

autonomic and affective responses. The emerging picture is that pain participates in 

a multimodal system for attending to and escaping from threat (Haggard 2013). 

 

Women suffer disproportionately more from pain than men do. Sex difference in the 

reaction towards pain are preserved into old age, although older females do not find 

pain to be more unpleasant (Monroe 2015). They also exhibit less deactivations than 
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males in regions associated with DMN and in regions associated with pain affect 

(bilateral dorsolateral prefrontal cortex, somato-motor area, rostral anterior and dorsal 

cingulate cortex). 

 

Memories divide into conscious Working Memory (WM) (Montez 2017) and 

unconscious Long Tern Memory (LTM). WM depends on electrical and synaptic 

activities that are gone during deep sleep. LTM relies on long-lasting synaptic 

connections and the generation of new neurons (Hebb 1988, Liljenström 2010, Mulas 

2016, Tigaret 2016) that reflect the brain’s great plasticity (Damasio 2003). 

 

Short term memory (STM) is the part of WM that is attended to, i.e. selected mental 

processes, or inputs to and outputs from the mind; typically, only a part of the visual 

field (LaRocque 2017). Attention desynchronizes alpha waves of EEG during WM 

(Poch 2017, Towe 1966b). Attention to events is equivalent to the philosophical 

concept of intentionality (Crane 2009). Unattended WM itself does not generate 

memories (Armstrong 2011). Data are learned by passing them from STM to LTM and 

consolidated. Memories are retrieved in the opposite direction, i.e. from LTM to WM 

and in part to STM. 

 

The mind learns passively from sensory acquaintance with reality through 

unsupervised learning. One mechanism is clustering of nearly simultaneous events 

(Russell 2010:694). Real world objects may be represented by mental holograms 

(Franklin 2017). Perception that is devoid of ambiguities, are mainly processed in 

primary sensory areas. Bistable perception of objects such as the Necker cube and 

Rubin face-vase, involve processing in additional higher-order brain regions, which 

interacts with processing in primary sensory areas (Wang 2013). 

 

More complex learning is based on comparing predicted events with observed events. 

Small children do not have enough experience to discriminate phantasies from reality. 

They – and their elders - memorize predictions that come out true and discard those 

that do not. Thus, minds calculate the difference between a prediction of an 

observation and the observation itself and learns from the difference. Tacit memory 

also builds on learning from prediction and observation. Explorative activity extends 

the scope of learning. Thoughts can mimic chains of events, follow mathematical 

proofs, and set up logical arguments involved in decision-making. 
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Working memory uses read only memory (ROM), which is hard wired and innate, and 

acquired data structures such as sets, sequences, hierarchies (lattices, trees) 

(Mevorach 2014) stored STM random-access memory (RAM) as arrays, lists, ques, 

and stacks (Rolls 2015, Westö 2016). Sequential search is a slow item-by-item based 

look-up. RAM is a fast indexed or hashed look-up of individual data elements. Ques 

work by the principle ‘first data in are last data out’ (FIFO). Stacks work by the principle 

‘the last data in are the last data out’ (LIFO). LIFO is at work when someone shifts 

attention from one task to another and returns to the first when the second is finished. 

 

Language is produced by generative grammars that are based on an alphabet and 

rules (Chomsky 1986). Arguments can be translated to logic and be judged and 

decided using logic and other rule systems (Gamut 1991, McCullogh 1943). 

Superficial dialogue can be realized in a language that is limited to syntactic 

manipulations of terms and constants (Weizenbaum 1966). Thought, judgement and 

more profound dialogue require (linguistic) semantics, which involves reality.1 

 

The mind reacts to scenes and stories with joy, sadness, fear and anger, and 

fabricates dreams, hopes and wishes. Cognitive activity and emotions are processed 

in overlapping brain sites (Brodal 1981, Bannister 1969, Mumenthaler 1973). Higher 

cognitive activities of language, vision and reasoning involve the temporal, occipital 

and frontal regions, respectively. Emotions involve the limbic system including the 

hypothalamus, and amygdala. The thalamus and striate corpus participate in sensing, 

cognition and emotions, and the former controls a central amygdala fear circuit (Penzo 

2015). 

 

The mind is embodied in the living brain (Lakoff 1999). Sensing starts with stimuli to 

sensory nerve endings that couple to peripheral receptors that act on light, sound, 

position, motion, stretch, pressure, vibration, temperature and pain (nociceptors). The 

sensory and somatosensory systems input their signals to WM, and if attended to, are 

experienced in STM. Cognitive and emotional data in WM and STM are output 

through the voluntary motor nerves. Praxis is the ability to perform skilled or learned 

movements. 

 

 

1 Logical semantics is abstract and has no real referents. 
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This autonomous nervous system uses the two transmitters acetylcholine and 

adrenalin, that divide the system in a cholinergic and adrenergic part. The cholinergic 

nerves originate in central nervous system nuclei, whereas the adrenergic run in 

parallel with but external to the central nervous system and consists of segmentally 

arranged nuclei that are connected with each other. Emotions are also output through 

the efferent autonomic systems that control glands and vascular functions. Autonomic 

efferent nerves reveal feelings such as blushing and tear production during crying. 

 

Qualia means “what it feels like” (Nagel 2001). It is considered a hard problem in 

philosophy (Levine 2011, Tye 2016). Qualia is the conscious experience of a sensory 

experience such as smell, taste, hearing, vision, pain, and hate and love. Thus, qualia 

also encompass affective emotions (Kragel 2016). 

 

We rephrase the problem of qualia in terms of the brain’s neural network, which 

consists of the corpus callosum, and commissural-, association- and projection fibers. 

Nerve fibers connect all cortical regions. Brain sites process signals from the mental 

network and output their signals back to the core network (Chechlacz 2013). The 

qualia type depends on the brain site that gives rise to it. Thus, signals from the 

occipital lobe, and left and right temporal lobes are experienced as vision, and speech 

and music, respectively. Qualia, then, are signals from primary sensory brain domains 

into the attended consciousness, i.e. STM. 

 

Various qualia arise in different receptor fields which attend to characteristic 

peripheral receptors. Vision arises in the retina from activation of rods and cones. 

Pain is due to the activation of nociceptors, and so on for other qualia. In general, 

peripheral signals are transferred to the brain through peripheral nerves to the 

medulla. A second neuron passes signals to the thalamus. The third neuron transmit 

signals from the thalamus to the primary (sensory) cortical area. From there the 

signals are transmitted by a fourth neural path to the secondary (sensory) cortical 

area. Signals from these areas pass into the STM and are experienced by the 

conscious mind. 

 

Recall of remote visual fear memory is distinct from recall of remote contextual 

memory. LTM of the former type seems to depend on a perineural net surrounding 

some neurons in the secondary visual cortex (Thompson 2017). 
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Three components of conscious human life are will, emotions and thought, which 

result in fighting spirit, artwork and natural science, respectively (Waage 2018). 

Consciousness is a philosophical riddle (Chalmers 1997, Tye 1995). In deep sleep, 

the mind is unaware of all sensory signals, as well as of signals from other parts of 

the brain. Few signals pass from the thalamus to the cortex. Shut down WM and STM 

and consciousness disappears. Arousal from sleep usually begins in the midbrain and 

thalamus (Edlow 2012). In each cycle of sleep and wakefulness the ascending 

reticular activating system restarts WM and reestablishes STM and with it, 

consciousness. Consciousness supervenes on STM by manifesting phantasies, 

emotions and thought. 

 

But mind is more than this. It is also about lived life (Bøe 1999). The mind stores 

fragments of its history in narrative form as well as in pictures and sounds. Victories 

and conflicts leave knowledge of adverse and joyful experiences and have lasting 

effects of future decisions. Decisions are also influenced by personal factors such as 

hope, optimism, coping ability and adaptability. Engagement, well-being and 

experienced frameworks affect the ability to solve problems and form the basis for 

sympathies and antipathies. These elements take parts in forming the personality. 

Therefore, humans are more than biology. To understand humans involves taking 

their history into account and emphasize the meaning they put into it. This makes it 

possible to understand the symbolism of others requires (Plessen 1996). 

 

Spiritual life is a mix of thinking (cognition) and emotions (Ortony 1988). Information 

is defined as change in knowledge. The hallmark of cognition is the processing of 

knowledge, information, belief and doubt, and emotion. Emotions are felt on a scale 

from orgasm via pleasure to displeasure to agony. Brain regions and nuclei are 

connected into a neural network. The subjective mind emerges from cooperation 

between brain regions plus the hypothalamus and brainstem nuclei (Cohen 1986, 

Deco 2008, Riddoch 2010, Venkatraman 2017). 

 

The mind hosts many different values: personal values, values of company and 

intellectual values. Mutual love takes the highest interpersonal value. Unrequited love 

causes many suicides. In general, we humans seek harmony between various values. 

Slits and cavities 

Slits and cavities contain gas, fluid or solid substances. Most of them are closed 

structures without flow. Examples of slits are bursae, tendon sheets, joints, ocular 
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bulb, the cochlea of the inner ear, vestibular ducts with the sacculus and utriculus, 

and the pleural, pericardial and peritoneal slits. Because their opening is narrow the 

sinuses of the sphenoid-, frontal and maxillary bones, are counted as cavities. 

 

Some cavities open into tubes. The heart consists of six cavities. Fluid-containing 

cavities of the brain, liver and genito-urinary tract are the cerebral ventricles, gall 

bladder, and the uterine cavity and the urinary bladder, respectively. The lacrimal 

glands, and the proximal cavity of exocrine glands also secrete fluids. The cavities of 

the middle ear, lung alveoli, and the frontal-, sphenoidal- and maxillary sinuses 

contain air. 
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Morphology 

Slits and cavities are lined by a continuous sheet of epithelium. Cavities like the middle 

ear, and the scrotal-, pleural- and peritoneal slits are lined by a single layer of flat-

cubical epithelium. A cylindrical epithelium covers the inside of the gall bladder, 

whereas a transitional cell epithelium lines the urinary bladder. The end bulbs (acini) 

of exocrine glands are lined by berry-like epithelial cells and are surrounded by a 

basement membrane. 

 

The retina covers about half of the hind inside of the ocular bulb. Here, rods and cones 

connect to nerve cells. The inside of the cochlea carries pressure detectors. The 

inside of the vestibular system is an exception to the norm in that flow-receptors are 

part of its epithelium. Detector cells of the cochlea and the vestibular system carry 

motion-sensitive hair. 

 

The middle layer of some cavity walls consists of muscle tissue. The heart muscle is 

a strong thick layer of striated muscle called myocardium. Smooth muscle surrounds 

other cavities such as the stomach, urinary bladder, gall bladder, uterine cavity, and 

the acini of glands such as the mammary gland. 

 

Valves are thin plates of connective tissue covered by endothelium. They close and 

open for flow between two cavities such as the atria and the ventricles of the heart 

and do the same between cavities and tubes such as the left and right ventricle from 

the aorta and pulmonary arteries, respectively. Backward flow is hindered by 

pulmonary, aortic and atrioventricular valves, and venous valves. 

 

Cavities such as the capsular space of glomeruli (Bowman’s space), alveoli, synapses 

and the scala tympani appear at a microscopic scale.  On a subcellular scale, there 

are the cell nucleus, mitochondria, endosomes, phagosomes, lysosomes, the 

endoplasmic reticulum, the Golgi apparatus, vesicles and sarcoplasmic reticulum. 

Function 

The right and left sides of the heart are filled with blood from the superior and inferior 

cava veins, and the pulmonary arteries, respectively. Contraction of the atrial 

myocardium empties the atria into the ventricles. The following contraction of the 

ventricular myocardium empties the right and left ventricles into the pulmonary 

arteries and the aorta, respectively. Flow in the opposite direction is hindered by 

valves. 



                                                                                                                36 

 

 

Respiratory muscles expand the thorax and drive the inspiration. The motion strains 

the lungs’ elastic fibers. Their contraction drives the expiration. 

 

Many cavities are filled and emptied junctions between a tube and the cavity. 

Junctions are surrounded by muscle and serve as valves. The stomach is filled with 

contents from the esophagus. The urinary bladder is filled from the ureters. The heart 

ventricles, stomach and urinary bladder They empty their contents by closing the 

entrance and opening the outlet. These cavities display a sort of tube↔cavity cycle. 

 

The volume of cavities wary with contraction and relaxation. The function of a pump 

depends on the slits they are contained in. The volume at the end of relaxation 

depends on the cavities’ ability to expand (compliance). The most important 

parameters of cavities are pressure and volume. 

 

The lining epithelium of cavities and slits has absorptive, secretory, metabolic and/or 

adhesive functions. Synovial fluid is a viscous fluid lining the cavities of joints. Its 

primary function is to reduce friction between the articular cartilage and aids in 

damping impacts from walking and jumping. A fluid-filled sheath (the synovium) 

surrounds each tendon. Synovial fluid is rich in glycosaminoglycans that facilitates the 

sliding motion. 

 

The pleural-, pericardial- and peritoneal slits enclose the lungs, the heart and the 

abdominal organs, respectively. These slits have a very small volume of fluid. The 

compliance of the enclosed organs depends on the ability of slits to expand.  

 

The brain is embedded in cerebrospinal fluid (CSF), which keeps the pressure and 

volume of the cerebral ventricles quite stable. The pressure and volume of CSF is 

balanced by the production of CSF in the intraventricular capillary-rich structure called 

the choroid plexus and the reabsorption in arachnoid granulations that protrude into 

the venous sinuses in the meninges outside of the brain. The choroid plexus is coated 

by modified ependymal cells. It also removes metabolic waste products and excess 

neurotransmitters from the CSF. Arachnoid granulations act as one-way valves. 

 

CSF keeps the brain in neutral buoyancy and protects its blood supply. CSF also 

provides a buffer that protects the brain tissue from injury when jolted or hit. CSF 

regulates the distribution of substances between cells of the brain.  Metabolic waste 
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products diffuse rapidly into CSF and are removed into the bloodstream as CSF is 

absorbed. 

 

The pressure of the eye bulb is controlled by fluid diffusion from the ciliary body and 

secretion by the epithelium of the ciliary processes, flow into the filtering trabecular 

meshwork and emptying into Schlemm’s canal. 

Tube systems 

The general organ has none, or one or more tube systems. Many ducts start with 

secretory acini. This applies to mammary ducts and ducts of excretory glands such 

as the lacrimal-, sweat-, and sebaceous glands.  

Morphology 

Tubes are cylindrical structures lined by epithelial or endothelial cell layer that rest on 

a tough basal membrane (BM) connected into fibers that form a network. BM is 

surrounded by a loose connective tissue layer called the intima in arteries and veins 

and the submucosa in other tubes. In arteries, the intima borders on an elastic 

membrane is stretched during the heart contraction (pulse). The elastic membrane 

and submucosa are surrounded by smooth muscle. Beyond this comes a final layer 

of loose connective tissue (adventitia). 

The cardiovascular system 

The arterial system starts from the left heart ventricle and empties into the aorta. Blood 

flows further through arteries and ends with the arterioles that connect to capillaries. 

Capillaries connect to venules that drain into veins that transport blood to the right 

heart atrium. From here blood is pumped from the right ventricle through the lungs 

and enters the left atrium of the heart, which empties into the left ventricle. The 

circulation is a closed cycle. 

 

Vascular capillaries are found in all tissues except cartilage, lens, cornea and vitreous 

body. The arterial and venous ends of vascular capillaries connect to arterioles and 

venules, respectively. Lymphatic capillaries start as blind ends in connective tissue 

and end in lymph nodes. 

 

A sugar-protein glycocalyx coats the surface of healthy endothelium and protects it 

from damage (Okada 2018). Endothelial cells of vascular capillaries appear in three 

forms. 
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1. The continuous capillary type seals off the transport of cells and large molecules 
from ECS. White blood cells (leukocytes) patrol the endothelial surface (Buscher 
2017). Leukocytes pass between endothelial cells into tissues containing 
microorganisms. Large substances pass through endothelial cells by 
transcytosis. Small substances pass them through membrane channels. 
Continuous endothelium is found in arteries, veins and capillaries of the brain, 
skin, lung, heart and muscle. Their basement membrane is also continuous. 

 
2. The fenestrated type allows substances pass by through pores through the cells, 

which are sealed by a thin diaphragm. They are found in capillaries with high 
filtration rate, such as endocrine and exocrine glands, gastrointestinal tract, 
choroid plexus, kidney glomeruli and subpopulations of renal tubules. 

 
3. Sinusoids have gaps between endothelial cells. The basement membrane is 

discontinuous and allows cells to pass. Sinusoids are found in the liver, spleen 
and bone marrow. Leukocytes patrol the ICS looking for microorganisms and 
other harmful agents (McNamara 2016, Jenne 2013).  

 

The airways start with the nose and mouth that join in the pharynx where the tube 

divides in the esophagus and the entrance to the larynx with the vocal cords. The 

airways continue into the trachea, which gives off one main bronchus to each lung. 

The bronchi divide multiple times and end in the microscopic alveolar sacs that 

contain many individual alveoli. The Eustachian tubes connect the middle ear with the 

pharynx. 

 

Bronchi are lined by a pseudostratified epithelium, meaning that all the cells reach the 

basement membrane, but some do not contact the tubes’ interior. Glands that produce 

glycosaminoglycans (mucin) or a watery fluid containing electrolytes empty into the 

bronchial lumen. Smooth muscle cells adjust the bronchial diameter. 

Digestive tract 

Ducts from the parotid, mandibular and sublingual glands start with secretory acini 

and release saliva to the mouth floor. The fluid flows to the pharynx and from there 

into the esophagus, which empties into the stomach. Peristaltic contractions of the 

stomach force the fluid content through the narrow, muscular pylorus into the 

duodenum. 

 

The bile tract starts with canaliculi - tiny tubes located between individual hepatocytes. 

Bile is collected in intrahepatic bile ducts that combine to the common bile duct, which 

drains into the intestine (duodenum). Pancreatic ducts start with secretory acini and 

join into the common pancreatic duct. The latter drains into the common bile duct 

shortly before it enters the duodenum. 
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Duodenum is the start of the small intestine, which divides into the proximal jejunum 

and distal ileum. The ileum is separated from the large intestine (colon) by a valve. 

Colon consists of an ascending, transverse, descending, and sigmoid segment. The 

sigmoid empties into the rectum. The anus closes and opens the rectum to the 

environment. 

 

The mouth, pharynx and esophagus are lined by a multilayered, stratified epithelium. 

The gastro-intestinal tract is lined by a cylindrical epithelium. Colon contains mucin-

producing glands. The digestive tract is encircled by smooth muscle. 

Urinary tract 

Microscopic tubes lined by a single layer of epithelial cells make up a large part of the 

kidneys. The proximal tubule is followed by the ascending and descending loops of 

Henle that connect to the distal tubule. The distal tubule releases the urine to renal 

pelvis. The macroscopic urinary tract starts with the renal pelvis, which connects to 

the urinary bladder by one ureter tube on each side of the body. The urethra passes 

the urine from the bladder to the environment. 

 

The urinary pelvis, ureters and bladder are lined by a multilayered transitional 

epithelium, which enables the urinary bladder to expand. The urethra is lined by a 

cylindrical epithelium. The urinary tract is encircled by smooth muscle. 

Genital tract 

Semen is produced in the seminiferous tubules of the testicles. The sperm are 

collected in the epididymis and passed on to the prostate by the deferens duct. The 

prostate empties into the urethra. 

 

Fallopian tubes accept eggs from the ovaries and transport them to the uterine cavity. 

Vagina accepts sperm from an erect penis inside of it. Semen passes to the uterine 

cervix into the uterine cavity and to the fallopian tubes where it fertilizes an ovum. The 

fertilized ovum moves into the uterine cavity where the nidation takes place. During 

delivery uterine contractions open the narrow cervical canal and presses the fetus 

through the vagina. 

 

Fallopian tubes are lined with haired cylindrical cells. The uterine cavity consists of 

branched glands that increase in thickness and accepts the fertilized egg. When 

fertilization does not take place, the glands are released from the bleeding surface 

and appears as menstruation. The cervix and vagina are lined by cylindrical and 
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stratified epithelium, respectively. The urinary tract is encircled by smooth muscle, 

which is sparse in the fallopian tubes and vagina but prominent in the uterine wall 

called the myometrium. The male genital tract is lined by a single-layered epithelium 

and encircled by smooth muscle. 

Cerebral tubes 

The cerebral aqueduct collects cerebrospinal fluid (CSF) from the ventricular cavities 

of the brain, passes it through the middle brain and the fourth ventricle and releases 

it to the meninges external to the brain. Some CSF flows through the thin central tube 

of the spinal cord. The cerebral cavities and tubes are covered by one layer of 

cuboidal epithelium called ependyma. 

Function 

Transport through tube systems are driven by pumps and peristaltic movements. 

Thus, pressure, flow and resistance to flow are cardinal tube functions. In addition, 

the lining epithelium may transport water, electrolytes, fat, sugar, amino acids, purines 

and pyrimidines, digest disaccharides, and some secrete glycosaminoglycans 

(mucus). 

Pumps and peristalsis 

Pumps generate a pressure difference between the proximal and distal end of tubes. 

The flow rate depends on the pressure difference between the proximal and distal 

part of the tube, and the resistance to flow. Smooth tube wall muscles regulate the 

diameter of tubes and thereby the resistance to flow in bronchi, arteries and arterioles. 

Valves hinder backflow and secure unidirectional flow in the heart, veins, lymphatic 

vessels, stomach urinary bladder and from the colon back into the small intestine. 

 

Blood pressure, pulse and resistance are controlled by the autonomic nervous system 

using adrenalin, noradrenalin and other transmitters. One of them, acetylcholine, 

slows the heart rate. A variety of hormones and regulators participate in blood 

pressure control, for example the renin-angiotensin-aldosterone system. In addition, 

arteriolar networks control the distribution and magnitude of capillary perfusion. 

Vasodilation spreads from arterioles to proximal arteries through tight junctions 

between endothelial cells (Bagher 2011). Accordingly, distal segments of the 

resistance network signal proximal segments to dilate and increase oxygen supply to 

parenchymal cells.   
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Fluids and solids are driven through esophagus, stomach and the small and large 

intestine by local peristaltic smooth muscle contractions. Peristaltic and voluntary 

movements combine to press out solid stools. In addition, peristalsis is typical of the 

bile tract, ureter, urethra, and deference ducts. 

Guidance 

Tube systems guide the transport of gas, fluid or solid substances. The esophagus 

leads solid and liquid nutrients to the stomach where they are digested. The content 

is emptied into the small intestine where digestion is finalized, and nutrients are 

absorbed. 

 

The blood circulation transports platelets from the bone marrow to the endothelium 

where they fix small wounds and prohibit bleeding. Afferent lymphatic vessels 

transport white blood cells (lymphocytes) and antigens to regional lymph nodes. 

Efferent lymphatics drain lymph nodes of lymphocytes and release them into the two 

subclavian veins. 

Digestion 

Glands that secrete water, electrolytes and enzymes into the digestive tract. Proteins, 

DNA and RNA are digested in the stomach, duodenum and jejunum and deliver amino 

acids, and purines, respectively, for absorption through the epithelium in the small 

intestine. Fatty acids, glucose and vitamins are taken up by the same route. Vitamin 

B12 binds to intrinsic factor that is produced in the stomach and the complex is 

absorbed in the ileum. 

Absorption 

The small intestine parenchyma also absorbs nutrients via membrane channels from 

the lumen of the tube, transport them through the cell and releases it to the local blood 

circulation. Cells lining kidney tubules absorb nutrients and some waste products from 

the lumen of the tubules, transport them to the other side and release them into the 

blood circulation.  

 

The arterial side of capillaries releases O2, nutrients, ions and regulators to tissues. 

The venous side of capillaries absorbs CO2, waste products, ions and regulators from 

tissues and empty them into veins. CO2 is released from the lungs and expired 

through the bronchi and trachea. Lymph capillaries absorb water and electrolytes from 

the ECS and transport them to lymph nodes. 
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Adhesion and transposition 

Endothelial cells are metabolically active and interact with lipases, histamine, 

endothelin, thrombastenin, vascular relaxation factor (NO), cytokines, and many other 

regulators. On the luminal side, endothelial cells have adhesion molecules for 

leukocytes and platelets, and react to cytokines (Jung 2015). 

 

Histamine, bradykinin, Angpt-2 and vascular endothelial growth factor (VEGF) control 

the distance between vascular capillary endothelial cells and thereby fluid flow across 

the capillary wall and increase capillary permeability.  Angpt-1, transforming growth 

factor-β (TGF-β) and interleukin-10 (IL-10) oppose the effects of histamine and similar 

regulators. Endothelial cells produce prostaglandin and prostacyclin. Prostaglandins 

are powerful locally acting vasodilators and inhibit the aggregation of blood platelets. 

 
Microorganisms in ECS trigger endothelial cells to adhere leukocytes that pass 

between the endothelial cells to ECS. White blood cells (mainly lymphocytes), 

microorganisms and antigens that are present in ECS are also taken up by lymph 

capillaries and transported to regional lymph nodes. 

 

Physiology 

There are many different paths between any two body parts, but the number of paths 

is always limited. Communication partition into groups. Connections consist of 

musculoskeletal links, tube flow, exchange of metabolites and regulators, immune 

reactions and exchange of neural signals (Fig. 1).  
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Figure 1. A healthy person is discriminated from her 
environment by a dashed line. The intake (I), digestion (D) 
and absorption (A) of nutrients and information (N) into a 
primary body part (OP) is illustrated by the arrow ADI. The 
arrows Fps and Fsp model anatomical and physiological 
connections between OP and a second body part OS. The 
arrows FSP and FPS represent blood flow, traffic of blood cells, 
and the transmission metabolites, and humoral and neural 
regulators between OP and OS. The excretion of waste 
products (W) is illustrated by the arrow E. 
 

Physical connections 
Bones join at joints. Joints are held together by ligaments and fibrous capsules. 

Muscles are attached to tendons springing out from one bone and attach on the bone 

on the other side of the joint. Joints allow stable motion. 

 

Motor end plates are synapses that connect motor neurons to striated muscles. An 

action potential from the nerve cell body to the nerve ending triggers the releases of 

the transmitter acetylcholine from the nerve ending. Acetylcholine diffuses through the 

narrow synaptic cleft to the muscle cell membrane. Here it binds to and activates its 

receptor and induces muscle contraction. The connection is electro-chemico-

mechanical. 

Vascular paths 
The bloodstream and ECS set up two-way connections between body parts and serve 

as vehicles between different tissues. O2 is absorbed to blood from the lungs’ alveoli 

and transported in erythrocytes to all tissues. The survival of tissues critically depends 

on arterial blood supply. 

 

The venous side of capillaries absorbs metabolites, ions and regulators from one 

tissue and transport them via the lungs and heart through the arteries to the arterial 
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N 

Environment (E) 

W 



                                                                                                                44 

 

side of capillaries where the substances are released and used by the local tissue. In 

addition, the portal vein transports nutrients from the small intestine to the liver, where 

they are processed and in transfer to other tissues. Finally, the venous system drains 

CO2 and waste products from capillaries and transports them to the lungs and kidneys 

for excretion. 

Blood clotting 
In healthy individuals, blood clotting hinders and arrests bleeding. Blood clotting 

involves endothelial cells, platelets and coagulation factors (F) FI-FXII. Accordingly, 

clotting requires appropriate function of the cardiovascular system, bone marrow and 

liver. Procoagulant factors are platelets, Factors I-XII and von Willebrand Factor 

(vWF). Platelets produce thromboxane that act as vasoconstrictors and facilitate 

platelet aggregation. The main anticoagulant factors are protein C and S. Endothelial 

cells have a dual pro- and anticoagulant function. The blood concentrations of pro- 

and anticoagulant factors depend on the rate of synthesis and release to the blood, 

and the rate of decay.  

Extracellular space (ECS) 
ECS consists of extracellular fluid (ECF), which is mostly bound to proteoglycans and 

glycosaminoglycans. Nutrients and waste products pass through ECF mainly by 

diffusion. ECS serves as an adaptor and vehicle between blood, and parenchyma 

including peripheral nerves and connective tissue cells. 

 

The amount of ECF is determined by capillary permeability, the pressure difference 

between the arterial and venous side of capillaries, lymph flow, total body water, and 

the capillaries’ concentration of electrolytes, glucose and proteins, in particular 

albumin. These parameters are interrelated and closely regulated to keep the volume 

of ECF constant. 

 

Cartilage and cornea are not vascularized. The nutrition of their cells depends on 

diffusion. The central nervous system contains very little ECS. The blood-brain barrier 

is selective and limits the access to substances to the brain parenchyma. 

Intercellular metabolism 
Cells that secrete a substance are its source. Cells that absorb and perhaps eliminate 

a substance are the sinks of that substance. Peripheral blood is connected to multiple 

sources and sinks of each metabolite. On their path between various parenchyma, 

molecules and ions traffic through the ECS and travel on lymph and blood. 

Substances are kept in equilibrium with each other by balancing the uptake from the 

environment with the production, catabolism, the action of chemical regulators, and 
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excretion to the environment. For example, the blood concentration of cholesterol 

depends on cholesterol intake, production and degradation. Production is regulated 

by feed-back, i.e. a thermostat mechanism. If intake is high production is low, and vice 

versa. Thus, the blood concentrations mainly depend on set point of the thermostat. 

In the healthy individual sources and sinks balance each other and metabolism is in 

homeostasis. 

Metabolites 

Blood glucose and fatty acids are the prime energy sources in all tissues. Glucose is 

absorbed from the jejunum and produced in muscle and liver. The concentration of 

glucose in arterial and venous blood depends on the intake and intestinal uptake of 

glucose, the differential absorption into tissues such as the liver, stratified muscle, 

brain and fat cells, and the synthesis of glucose and subsequent secretion of glucose 

from various tissues. 

 

O2 is delivered from the lungs to all tissues. CO2 and lactate are (waste) products of 

aerobic and anaerobic glycolysis, respectively, although lactate also supplies energy. 

Amino acids and purines pass from the small intestine and from cells undergoing 

apoptosis. The latter substances are the building blocks for new structures. 

Gases and electrolytes 

The blood concentration ranges of ions like H+, Na+, K+, Cl-, Mg++ and Ca++, HPO4
-- 

and electrolytes like HCO3
- and lactate are quite narrow. Ca++ and HPO4

- are crucial 

for ossification. Blood pH is mainly regulated by H+, Cl-, HCO3
- and lactate. 

Appropriate blood concentrations of Na+, K+, Cl-, Mg++ and Ca++ are vital for enzyme 

activities and maintenance membrane potentials. Ca++ also plays a central role in 

muscle contraction. 

Large molecules 

The liver secretes a variety of proteins into blood. Albumin regulates the oncotic blood 

pressure, serves as a carrier for many lipophilic metabolites and is a source of amino 

acids for cellular protein synthesis. Lipoproteins carry lipids to various tissues 

including fat cells.  

Humoral regulators 
Chemical substances control the activity of local and distant cells in concert with 

environmental influences. For example, the blood glucose concentration is a balance 

between consumption and glucose turnover. Insulin lowers the blood concentration of 

glucose by increasing the absorption of glucose into hepatocytes, striated muscle 
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cells and adipocytes. The insulin effects are supported by physical muscle activity, 

and counteracted by adrenalin, glucagon, cortisol and growth hormone. The effects 

of the latter hormones on blood glucose are less than insulin. 

 

Regulators bind to their receptors with high specificity. Endocrine regulators are 

secreted from one type of specialized cells in one organ and pass by the blood cells 

to specific cells in other organs where they perform their regulatory functions. In 

contrast, interleukins and other regulators can be produced by various cells and affect 

the function of several cell types. 

Negative feedback 

Metabolic control systems depend on negative feedback, such as insulin in the case 

of glucose. This means that glucose stimulates insulin secretion and insulin lowers 

blood glucose. The blood glucose concentration set point is genetically determined 

but also influenced by body mass and the relative weight of adipose tissue and muscle 

tissue.  

 

The stability of feedback loops is imperative for all organ systems. Abnormal cyclic, 

steady decreasing or steady increase in the concentration of a regulator may disrupt 

homeostasis. 

Classical endocrine hormones 

The narrow blood concentration of regulators is held in check by feedback 

mechanisms. Two typical examples are shown in table 1. Other examples of the 

feedback systems between classical endocrine organs are the pairs pituitary-testes 

(Luteinizing Hormone-testosterone) and pituitary-ovaries (Follicle Stimulating 

Hormone-estradiol). 

 

Table 1. Two well-known endocrine feedback systems. 

Secreted ligand Secretory cell Receptor Receptor cell Action 

Thyroid Stimulating 
Hormone (TSH) 

TSH producing 
cell 

TSH 
receptor 

T4 producing 
cell 

Stimulates T4 
secretion  

Thyroxin (T4) Thyroid follicle T4 receptor TSH producing 
cell 

Inhibits TSH 
secretion 

Adrenocorticotropic 
hormone (ACTH) 

ACTH 
producing cell 

ACTH 
receptor 

Cortisol 
producing cell 

Stimulates 
cortisol 
secretion 

Cortisol Cortisol 
producing cell 

Cortisol 
receptor 

ACTH 
producing cell 

Inhibits ACTH 
secretion 
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Novel regulators 

In recent years, numerous hormones, transmitters, interleukins, tumor necrosis 

factors, cytokines, chemokines, growth factors, stimulating factors, inhibiting factors 

and poietins have appeared as clinically important extracellular regulators. Many of 

these regulators belong to peptide or protein families with common structure. Among 

them are Fibroblast Growth Factor (FGF) family, Epidermal Growth Factor (EGF) 

family, erythropoietin (EPO), thrombopoietin (TPO), Atrial Natriuretic Factor (ANF), 

Brain Natriuretic Factor (BNP), Transforming-Growth-Factors (TGF-β1, TGF-β2, 

TGF-β3), about 600 different adipokines (leptin, adiponectin…), osteocalcin and bone 

morphogenetic factors (BMF). Vascular endothelial growth factor (VEGF) is a signal 

protein produced by cells that stimulate the formation of capillaries (angiogenesis). 

VEGF increases in response to hypoxia. VEGF-A produced by podocytes in the 

kidneys act on the receptors Flk1 and Flt1 are expressed in the adjacent endothelial 

cells (Eremina 2003). Among the regulators operating in the brain are Nerve Growth 

Factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT3), 

neuropeptide Y (NPY) and the classical thyroid hormones, growth hormone and 

insulin. 

 

Exosomes emerge as regulators of cell-cell communication. Stimuli- and cell-type 

specific exosomes selectively package bioactive molecules (proteins, mRNAs and 

miRNAs) that modulate target gene expression and cell function. For example, 

eukaryotic RNA exosomes degrade or trim RNA substrates (Falk 2017). Exosomes 

acts on RNA turnover, surveillance, and processing pathways, and is involved in the 

maturation of some RNAs. Exosomes also regulate neural circuit development 

(Sharma 2019). 

 

 

Cell number 

Control of cell number is critical to all cell lines. The number of cells in all cell lines are 

controlled by feedback, which balances cell proliferation against programmed cell 

death and necrosis. For example, ACTH, TSH, LH, FSH and STH stimulate growth of 

their respective receptor-bearing immature cells. The number of neutrophils is 

regulated by feed involving Granulocyte Colony Stimulating Factor (G-CSF) and 

possibly by IL-17A secreted by neutrophils (Wirths 2014). Transforming growth factor 

β1 (TGF-β1) and extra domain A containing fibronectin (EDA-FN) mediate 

proliferation, and collagen and actin production in fibromyoblasts (Zent 2018). 
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Morphogens 

Tissue and organ development are influenced by extracellular ques such as 

organizers, morphogens, regulators such as the somatomedins, and cell-cell contacts 

(Grunz 2001, Shih 2010, Bower 2017). For example, dorsal spinal neurogenesis is 

orchestrated by the combined action of signals secreted from the roof plate organizer 

and a downstream transcriptional cascade (Duval 2014). 

Autocrine regulation 

Autocrine regulators operate on the cells that they are secreted from. Examples are 

G-CSF and IL-17A, which regulate proliferation of neutrophils. Brain transmitters also 

operate in this fashion. 

Paracrine regulation 

Paracrine regulators operate between nearby cells. Examples are the Fibroblast 

Growth Factor (FGF) family and the Transforming Growth Factor (TGF-β) 

superfamily. 

Electrolytes and water 

The electrolytes H+, Na+, K+, Cl- are controlled by the renin-angiotensin-aldosterone 

system. Vasopressin controls water excretion in the kidneys. Ca++ is regulated by 

parathyroid hormone and calcitonin, and depends on activated vitamin D. 

Immune system regulators 

Immune regulators such as cortisol, interleukins, growth factors, poietins, chemokines 

and cytokines play an increasingly important role in differentiating between Immune 

reactions (IR) (see below). Among the immune regulators are interleukins IL-1 to IL-

33, cytokines, Colony Stimulating Factors (G-CSF, GM-CSF, M-CSF), Tumor 

Necrosis Factors (TNFs), and interferons (INF, INF, INF).  

Immune reactions (IR) 
The immune system provides us with resistance against intruders. IR neutralize, kill 

and eliminate invading microorganisms with least possible damage to local tissues. 

IR also prepare tissues for healing or scarring. The healthy immune system is tolerant 

to its host. IR divides into innate and acquired immunity. 

 

Innate IR is built into the genome and expressed on ordinary parenchyma cells as 

well as on professional immune cells called dendritic cells, macrophages and 

lymphocytes (Medzhitov 2001). Receptors of the innate immune system that 

recognize microorganism-associated molecular patterns (MAMP), are called pattern-
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recognition receptors (PRR) (Jenne 2013). PRR discriminate between viruses, fungi, 

gram positive (G+) and gram-negative (G-) bacteria, and immediately initiate 

specialized IR that inactivate or kill the intruders; among others through oxygen 

radicals and proteins called defensins. Defensins also defend non-professional 

epithelial cells against bacteria. The blood enzyme system called complement can 

attack and lyse microorganisms and prepare them for phagocytosis. In addition, much 

of the antiviral immune defense is due to the MHC polymorphism of the selected 

cytotoxic T lymphocyte (CTL) repertoire (Messaoudi 2002). 

 

Interferons (IFNs) have a central   role   in   defense   against   viral   infection. IFNs 

induce cellular factors that inhibit viral protein synthesis and destroy viruses among 

others by triggering apoptosis of infected cells. A set of sensors can distinguish 

between self and foreign nucleic acids (Ahmad 2015). Virus detection is followed by 

activation of effector molecules and clearance of infectious agents. Viruses with an 

RNA genome are cleaved to short fragments by the enzyme Dicer. miRNA interrupts 

the viral life cycle, viral tropism, and pathogenesis of viral diseases (Sidahmed 2014). 

The IFN pathway seems to work in coordination with miRNA to control viral infection. 

 

Acquired immunity depends on learning to produce receptors and immunoglobulins 

that react specifically with MAMPs called antigens. The receptors are localized on a 

group of leukocytes called lymphocytes. One type, B-lymphocytes, develop into 

plasma cells that produce immunoglobulins. Acquired IR also inactivate or kill 

microorganisms. 

 

White blood cells, mainly naïve lymphocytes, are presented with parts of 

microorganisms (small antigens) sitting on the surface of macrophages. The contact 

triggers the differentiation of the naïve lymphocytes into antibody producing cells 

(plasma cells) and T-lymphocytes that attack and kill microorganisms and inactivate 

antigens. 

 

The clinically most important IR are grouped by environmental agents, leukocytes, 

and acquired- and innate immune reactions (Gell 1975). Immune regulators play an 

increasingly important role in differentiating IR, but in most clinical situations a 

summary suffices (Table 2). 
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Table 2. Relations between microorganisms and immune reactions (IR). 

Microorganism IR White blood 
cells 

(leukocytes) 

Acquired 
immunity 

Innate 
immunity 

Parasites IR1 Eosinophils IgE  

Microorganisms 
except 
mycobacteria 
and parasites 

IR2 - IgM, IgG Complement 
Inflammasomes 
(von Moltke 
2013, Rauch 
2016) 

Pyogenic 
bacteria and 
fungi 

IR3 Neutrophils IgM, IgG Complement 
Inflammasomes 

Viruses 
Primary and 
secondary 
syphilis  

IR4 Various 
lymphocytes 

 Interferons 

Mycobacteria 
Tertiary syphilis 

IR5 Monocytes, 
macrophages 

  

 

Lymphocytes circulate between vascular capillaries, ECS, lymph capillaries and 

lymphatics to lymph nodes and pass back to the blood circulation. Some blood 

lymphocytes transit the spleen, thymus, tonsils and lymphoid structures in the 

intestinal wall. Various lymphocytes are specialized to circulate into certain tissues, 

but not into other. 

Psyche and soma 
The nervous system establishes two-way connections within the brain network, and 

between the brain and other (peripheral) organs and tissues. These connections are 

described below. 

Psychosomatic reactions 

The brain sends efferent signals to the periphery by way of the spinal medulla and 

peripheral nerves. The voluntary motor system, which includes striated muscle cells, 

is steered by efferent signals from the motor precentral cortex of the brain. The 

autonomous efferent neural system controls gland secretion, the tonus of smooth 

muscle cells. The voluntary and involuntary effectors are triggered by intellectual and 

emotional psychic (mental) processes. Thus, psychic effects on peripheral tissues 

have a biological explanation.  

Somatopsychic reactions 

Afferent signals pass from sensory organs and integument, internal organs, 

mechanoreceptors in the musculoskeletal system, and the vascular system to the 
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brain. Accordingly, peripheral tissues have a profound effect psychic functioning, for 

example pain reactions to nociceptor stimulation. 

 

Personality is the collection of habitual behaviors, cognitions and emotional patterns 

that evolve from biological and environmental factors. Clearly, the personality 

depends on the environment, afferent inputs from all the senses, mental functions, 

efferent nerves and outputs from the musculoskeletal and autonomic systems. 

Personality is a very complex bio-psycho-social trait. 

 

Environment 

There is a two-way communication between the environment and the internal body 

milieu (Fig. 1). The primary body part (OP) is directly affected by environmental agents. 

Nutrients and information are taken in, digested and absorbed. Waste products are 

excreted to the environment. Information from the mind is passed back to the 

environment in the form of verbal and non-verbal behavior. 

 

The healthy organism handles most harmful environmental agents. Nuclear and 

mitochondrial enzymes repair acquired genome disorders and eliminate mutations 

and DNA brakes induced by viruses, chemicals and radiation. Potentially harmful 

chemicals are inactivated in the liver and other tissues. Immune reactions protect us 

from potentially harmful microorganisms. 

Heredity 
The offspring’s genome existed before the offspring’s conception and belongs to the 

temporal environment. Chromosomes are paired. One chromosome stems from the 

mother and the other from the father. Chromosomes X and Y are the sex 

chromosomes from the mother and father, respectively. The other 44 chromosomes 

are called autosomes. Mitochondria originate from the mother and have their own 

DNA. The remaining part of the human genome is inherited from both parents. Nearly 

all physical traits including those of the brain are inherited. 

 

After the conception, the genome is influenced by environmental factors, which leave 

mutations. During lifetime genes also undergo somatic mutations. Healthy individuals 

repair such mutations. 

Mechanical influences 
Human tissues resist the strains of everyday living. Small trauma are repaired or leave 

insignificant scars. Voluntary movements towards water and nutrients fill natural body 

demands.  Decent behavior satisfies familial- and other social needs.  
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Microorganisms 
Bacteria are a few micrometers in length. There is about a million bacteria in 1 ml 

fresh water. Viruses range in size from 0.02 to 0.3 micrometers. Viruses consists of a 

genome, made from either DNA or RNA and a protein coat that protects the genes. 

Some viruses carry a surface envelope obtained in part from infected host cells.  

 

Many healthy individuals are colonized with bacteria such as Staphylococcus aureus 

and/or Neisseria meningitides in the mouth and throat regions without being sick. A 

wide range of bacteria inhabit the upper respiratory tract and the mouth, the skin and 

intestine, making out the respiratory-, skin- and the intestinal microbiomes, 

respectively. They live in symbiosis with the organism, provide vitamins and guard 

against harmful microbes. The integument and epithelia of the respiratory and 

gastrointestinal tract combine with the innate and acquired immune systems to hold 

harmful microbes including viruses and fungi, in check. We cannot and should not 

eliminate the billions of microorganisms inhabit the gut and skin. 

Chemicals 
A daily dose of nutrients such as glucose, fat and amino acids is necessary for energy 

production, and are sources of structural elements, and nutrients are digested in the 

stomach and small intestine and absorbed in the small intestine. Health depends on 

a suitable daily supply of vitamins and essential amino acids. None of them are made 

by the human body. Vitamins are essential cofactors for optimal enzyme activity. 

Essential amino acids necessary building blocks of proteins including enzymes.  

Thermal 
Body surfaces adapt to thermal variation within reasonable range. Heat and cold 

contract arterioles in the skin, diminishes blood flow and prohibits a fall in body 

temperature. Mild heat dilates arterioles and the increased blood flow releases more 

heat to the surroundings.    

Radiation 
Sunshine is valuable because UV-light is necessary for the activation of vitamins A 

and D in the skin. Radiation may cause mutations that might affect cell differentiation 

and proliferation, but genetic repair mechanisms heal such mutations. 

Social 
In my opinion, Immanuel Kant's categorical Imperative is a useful starting point for fair 

social networks: “Act as you would want all other people to act towards all other 

people. Act according to the maxim that you would wish all other rational people to 

follow, as if the maxim were a universal law.” If his imperative is to work then the value 

of all human beings is equal, independently of their biological makeup. 
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It would be a great advantage if human values could be grounded on objective 

measures and equal rights came naturally. Hammurabi’s law c. 1776 BC and The 

American Constitution of 1776 AD are both based on the creation of human beings 

by gods. The former contains social classes and the latter rules that human beings 

are equal.  Both are artifacts and the latter does not conform with biology. The 

Universal Declaration of Human Rights extend Kant’s imperative and regulate 

interactions of all societies and citizens (United Nations 1948). 

 

Healthy individuals fit into a regulated cultural framework defined by customs, beliefs, 

dogmas, religions, legal laws and scientific naturalism. Health-promoting societies 

allow their citizens religious and political freedom, and freedom of thought and 

speech. A healthy society keeps the acts of their inhabitants within reasonable 

bounds. Individuals that break legal laws are criminals. Individuals acting beyond the 

social norms and laws are not necessarily mentally ill as suggested by some (Laing 

1969, Cooper 1971, Haugsgjerd 1971). They may be reacting towards unbearable 

social strain such as encountered communist-, fascist- , religious- and other 

dictatorships. Healthy criminals need to be discriminated from the mentally ill. 

Unfortunately, this is not done properly today, and prisons are filled with mentally ill. 

 

Social processes influence the mind. The personality evolves through social contacts 

in the family, at work, in institutions and while being among friends and enemies. 

Minds learn to recognize and react appropriately to common social experiences and 

solve social problems.  

 

Unpleasant experiences rise emotions, but healthy minds cope with most everyday 

social incidents. The healing from more severe social attacks may take some time, 

and an individual may need help from other close persons before emotional reactions 

subside. In healthy individuals they subside without lasting psychic distress or 

psychosis. 

 

States, organizations and powerful people contain public and private communication 

channels that work both for the better and for the worse of groups and individuals. I 

cannot venture deeper into the rich field of sociopsychology here. 
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Conclusions 

The present study describes a new clinical model of health. CM describes 

development and differentiation, and the morphology and functions of body parts that 

partitioned into parenchyma, tubes, slits/cavities and connective tissue. CM explains 

the interactions between various body parts as well as the causal relations between 

the body and its environment. 

 

Many more facts are available in an implementation of CM. But our ignorance of many 

body functions such as the workings of 98 % of the genome and difficulties in 

surveying all environmental factors leaves holes in the knowledge of even the most 

able clinicians. We take comfort in Socrates’ form of wisdom: an awareness of what 

we do not know. But, perhaps surprisingly, it is not necessary to consider body and 

mind as mysteries anymore.  

 

CM is the reference for disorders, and the transitions between health and disorder. It 

is a resource for more formal clinical models required for the implementation of clinical 

decision support systems. Finally, CM delivers suitable background information for 

software developers without a medical background. 

 

Methods 

The theoretical study started in 1966 and has since assembled tools from medicine, 

informatics and philosophy. The literature encompasses textbooks in medicine and 

journal articles supplied with extensive searches on PubMed and Online dictionaries. 

Empirical knowledge was acquired by practical experience in psychiatry, radiology, 

clinical chemistry, pathology, primary health care, industrial medicine, general internal 

medicine, oncology, hematology and infectious medicine, and research in clinical and 

laboratory medicine, and medical informatics.  
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Endnotes 

a Philosophers often use the phrase ‘Pain is the firing of C-fibers’ (Lewine 2011). This 

is a misunderstanding: C-fibers are in afferent peripheral nerves, not in the brain. 
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b I don’t consider Franklin and Mewhorts model (Franklin 2017) to be in opposition to 

the concepts STM, WM and LTM as the latter are used here. 
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