
 

 

A clinical model II. Disorder, etiology, 

pathogenesis. 

 

Carl-Fredrik Bassøe 

 

Abstract ................................................................................................................... 8 

Background ............................................................................................................................ 8 

Results .................................................................................................................................... 8 

Conclusion .............................................................................................................................. 9 

Key words ................................................................................................................ 9 

Background ............................................................................................................. 9 

Results and Discussion .......................................................................................... 10 

Disorder ................................................................................................................................ 11 

Direction of change ....................................................................................................... 12 

Developmental disorders .............................................................................................. 12 

Aplasia and Agenesis .................................................................................................... 13 

Hypoplasia ..................................................................................................................... 13 

Hyperplasia .................................................................................................................... 13 

Metaplasia ..................................................................................................................... 13 

Dysplasia ....................................................................................................................... 14 

Degeneration ................................................................................................................. 14 

Regions ........................................................................................................................... 14 

Body parts ....................................................................................................................... 15 

Parenchyma and connective tissue ................................................................................ 15 

Morphology ............................................................................................................... 15 

Tissue and cell damage .......................................................................................... 15 

Contusion ........................................................................................................... 15 

Surface cell membrane leaks .............................................................................. 15 

Lysis ................................................................................................................... 16 

Necrosis .............................................................................................................. 16 



                                                                                                         

2 

 

Degeneration ...................................................................................................... 16 

Torsion ............................................................................................................... 17 

Body part size deviations ....................................................................................... 17 

Aplasia ................................................................................................................ 17 

Hypoplasia .......................................................................................................... 18 

Atrophy ............................................................................................................... 18 

Hypertrophy ....................................................................................................... 18 

Hyperplasia ......................................................................................................... 18 

Structural abnormalities ........................................................................................ 19 

Overextension, rupture, fissure and fracture ...................................................... 19 

Metaplasia .......................................................................................................... 19 

Dystrophy ........................................................................................................... 20 

Dysplasia ............................................................................................................ 20 

Proliferative disorders ........................................................................................ 20 

Adenoma and other -oma ................................................................................... 21 

Neoplasia ............................................................................................................ 21 

Function ..................................................................................................................... 22 

Genome disorders .................................................................................................. 22 

Cell biology ............................................................................................................ 26 

Mechanical functions ............................................................................................. 26 

Afunction and hypofunction ............................................................................... 26 

Hyperfunction ..................................................................................................... 27 

Dysfunction ........................................................................................................ 27 

Electric activity ...................................................................................................... 27 

Afunction ............................................................................................................ 27 

Dysfunction ........................................................................................................ 27 

Neofunction ........................................................................................................ 28 

Metabolism ............................................................................................................. 28 

Hypoabsorption .................................................................................................. 29 

Hyposecretion ..................................................................................................... 29 

Hypoexcretion .................................................................................................... 29 

Hypocatabolism .................................................................................................. 30 



                                                                                                         

3 

 

Hyperproduction and secretion .......................................................................... 30 

Hyperabsorption ................................................................................................. 30 

Hyperexcretion ................................................................................................... 30 

Humoral regulation ............................................................................................... 30 

Hyposecretion ..................................................................................................... 30 

Hypersecretion ................................................................................................... 31 

Immune disorders ................................................................................................... 31 

Afunction and hypofunction ............................................................................... 31 

Hyperfunction ..................................................................................................... 31 

Dysfunction ........................................................................................................ 31 

Neofunction ........................................................................................................ 32 

Thermal functions .................................................................................................. 32 

Hypothermia ....................................................................................................... 32 

Hyperthermia ...................................................................................................... 32 

Optic disorders ....................................................................................................... 32 

Amaurosis (blindness) ........................................................................................ 32 

Hypometropia and hypermetropia ...................................................................... 32 

Melanocyte afunction and hypofunction ............................................................ 33 

Acoustic disorders .................................................................................................. 33 

A- and hypoacusis .............................................................................................. 33 

Hyperacusis ........................................................................................................ 33 

Dysacusis: tinnitus .............................................................................................. 33 

Sensory disorders ................................................................................................... 33 

Analgesia and hypoalgesia ................................................................................. 33 

Hyperalgesia ....................................................................................................... 33 

Brain-mind disorders ............................................................................................. 34 

Afunction and hypofunction ............................................................................... 34 

Hyperfunction ..................................................................................................... 39 

Dysfunction ........................................................................................................ 39 

Neofunction ........................................................................................................ 39 

The humanistic mind .......................................................................................... 40 

Connective tissue ................................................................................................... 40 



                                                                                                         

4 

 

Hypofunction ...................................................................................................... 40 

Fibroblast hyperplasia and -hyperfunction ......................................................... 40 

Adipocyte atrophy and hypertrophy/hyperplasia ............................................... 40 

Slit and cavity disorders ................................................................................................ 41 

Morphology ............................................................................................................... 41 

Fillings ................................................................................................................... 41 

Vesicles, bulla and pemphigus ............................................................................... 41 

Cysts and pseudocysts ............................................................................................ 42 

Stenosis and insufficiency ...................................................................................... 42 

Hernia .................................................................................................................... 42 

Function ..................................................................................................................... 42 

Tube disorders ............................................................................................................... 43 

Morphology ............................................................................................................... 44 

Atresia .................................................................................................................... 44 

Stenosis .................................................................................................................. 44 

Occlusion ............................................................................................................... 44 

Dilatation ............................................................................................................... 45 

Erosion or ulcer ..................................................................................................... 45 

Perforation and fistula ........................................................................................... 45 

Capillary leaks ....................................................................................................... 45 

Shunts ..................................................................................................................... 46 

Intussusception and volvulus ................................................................................. 47 

Function ..................................................................................................................... 47 

Hypotension ........................................................................................................... 47 

Hypertension .......................................................................................................... 47 

Maldigestion .......................................................................................................... 47 

Malabsorption ........................................................................................................ 48 

Relations between morphology and function ............................................................ 48 

Disorder summary and terminology ............................................................................ 48 

Epidemiology ....................................................................................................................... 49 

Carriers and vectors ...................................................................................................... 50 



                                                                                                         

5 

 

Contact .......................................................................................................................... 51 

Airborne ........................................................................................................................ 52 

Oral - enteral .................................................................................................................. 52 

Parenteral ....................................................................................................................... 52 

Fecal–oral ...................................................................................................................... 53 

Vectors .......................................................................................................................... 53 

Communication ............................................................................................................. 53 

Virulence .............................................................................................................................. 54 

Translocation .................................................................................................................. 54 

Damage ........................................................................................................................... 54 

Etiology ................................................................................................................................ 55 

Hereditary disease ......................................................................................................... 57 

Mechanical ...................................................................................................................... 58 

Microorganisms .............................................................................................................. 59 

Viruses ........................................................................................................................... 59 

Bacteria .......................................................................................................................... 61 

Allergens ......................................................................................................................... 64 

Chemicals ....................................................................................................................... 64 

Nutrition ........................................................................................................................ 64 

Toxic substances ........................................................................................................... 65 

Narcotics ........................................................................................................................ 66 

Electro-magnetic ............................................................................................................ 66 

Thermal ........................................................................................................................... 66 

Radioactive radiation ..................................................................................................... 67 

Sound .............................................................................................................................. 67 

Social etiology ................................................................................................................ 67 

Essential .......................................................................................................................... 69 

Two or more etiological agents ................................................................................... 69 

Predilection sites (tropism) ........................................................................................... 70 



                                                                                                         

6 

 

Risk of disease ...................................................................................................................... 72 

Resistance ...................................................................................................................... 72 

Activation ......................................................................................................................... 73 

Pathogenesis ......................................................................................................................... 74 

Connective tissue .......................................................................................................... 76 

Extracellular space (ECS) ............................................................................................ 77 

Inflammation ................................................................................................................... 77 

Hemostasis ..................................................................................................................... 78 

Hemorrhagic diathesis ................................................................................................... 78 

Thrombosis .................................................................................................................... 78 

Disseminated Intravascular Coagulation (DIC) ............................................................ 79 

Mixed thrombus ............................................................................................................ 79 

Spread by vascular and lymphatic circulation ........................................................... 79 

Metastasis ...................................................................................................................... 80 

Emboli ........................................................................................................................... 80 

Bacteremia, sepsis, viremia and fungemia .................................................................... 80 

Intercellular metabolism ................................................................................................ 81 

Metabolites .................................................................................................................... 82 

Gases and electrolytes ................................................................................................... 82 

Large molecules ............................................................................................................ 83 

Humoral regulators ........................................................................................................ 83 

Classical endocrine hormones ....................................................................................... 83 

Novel regulators ............................................................................................................ 84 

Immune reactions (IR) .................................................................................................. 85 

Type 1 (IR1) .................................................................................................................. 85 

Infection ..................................................................................................................... 85 

Allergy ....................................................................................................................... 85 

Autoimmune .............................................................................................................. 85 

Type 2 (IR2) .................................................................................................................. 86 



                                                                                                         

7 

 

Infection ..................................................................................................................... 86 

Allergy ....................................................................................................................... 86 

Autoimmune .............................................................................................................. 86 

Type 3 (IR3) .................................................................................................................. 87 

Infection ..................................................................................................................... 87 

Allergy ....................................................................................................................... 88 

Autoimmune .............................................................................................................. 88 

Type 4 (IR4) .................................................................................................................. 88 

Infection ..................................................................................................................... 89 

Allergy ....................................................................................................................... 89 

Autoimmune .............................................................................................................. 89 

Type 5 (IR5) .................................................................................................................. 89 

Infection ..................................................................................................................... 89 

Allergy ....................................................................................................................... 90 

Unknown ................................................................................................................... 90 

Neural pathways ............................................................................................................ 91 

Psychosomatic ............................................................................................................... 91 

Somatopsychic .............................................................................................................. 92 

Multi-pathogenesis ........................................................................................................ 93 

Disorder, syndrome and disease ........................................................................................... 93 

Degree .................................................................................................................................. 94 

Time course .......................................................................................................................... 95 

Prognosis .............................................................................................................................. 96 

Uses of CM ........................................................................................................................... 98 

Validation ............................................................................................................................. 99 

Conclusions ......................................................................................................... 100 

Methods ............................................................................................................... 100 

Author’s contribution .......................................................................................... 100 

Acknowledgements ............................................................................................. 100 

Endnotes .............................................................................................................. 100 

References ........................................................................................................... 101 



                                                                                                         

8 

 

 

 

Abstract 

Background 

The fragmentation of medicine into numerous specialties is an obstacle to the 

understanding of clinical problems. The clinical model (CM) developed here aims at 

unification and explains the transitions between health and disorder.  

 

Results 

The general organ partitions into the parenchyma, tube systems, slits/cavities and 

connective tissue. Morphologic and functional disorders in different body parts are 

equivalent and described by the same clinical terms. The equivalence bridges the 

gaps between various specialties.  

 

The etiology partitions onto 11 categories containing harmful agents: heredity, 

mechanical trauma, macro- and microorganisms, allergens, chemical substances, 

electro-magnetic radiation, thermal, radioactive radiation, sound and social causes of 

disorder. The categories are used in all clinical specialties. They make out the 

patient’s spatio-temporal environment.  

 

Harmful agents are transmitted to the patient. Virulence is defined as the transfer of 

agents into one or more primary affected body parts and causes the transition from 

health to disorder. The combination of etiology and virulence generalizes Koch’s 

postulates to all etiological agents. 

 

The pathogenesis is defined as the set of processes between the primary and 

secondary affected body parts. Disorder in a primary affected body part may cause 

disorder in secondary affected body part. The pathogenesis is grouped into 

extracellular space, inflammation, hemostasis, spread, intercellular metabolism, 

humoral regulators and immune reactions. Various specialties deal with one or more 

of these groups 

Time course and prognosis derive from combinations of disorder, etiology and 

pathogenesis. The number of possible combinations is vast. This explains why groups 

of specialists are needed to solve many hard, clinical problems. Acquaintance with 
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the general principles of disorder, etiology and pathogenesis may facilitate 

cooperation across specialties. 

 

Conclusion 

CM is a new, comprehensive clinical model. CM uses the common clinically important 

concepts disorder, etiology, virulence and pathogenesis, and clearly discriminates 

health from disorder. CM is a novel, versatile and scalable tool that creates a 

consistent foundation for clinical work. 

 

Key words  

Systems biology, clinical model, disorder, disease, syndromes, medical informatics, 

nosology, biopsychosocial model 

 

Background 

Health professionals do not seem to have a prototype concept of disease and no 

common features of disease have been identified (Hofmann 2017). Disease centers 

on suffering sick subjects (Canguilhem 2015) but diseases do not exist (Wulff 1986). 

The word ‘disorder’  is used with personal rights and dignity. However, here. I 

concentrate on medical structures and functions that cause symptoms, signs and 

pathological laboratory findings, and develop strict medical concepts of disorder, 

syndrome and disease. 

 

Data and knowledge in one specialty differ from those in other specialties (de 

Lusignan 2005). Accordingly, various clinical specialties perceive themselves as 

unique. The fragmentation of clinical medicine into numerous specialties is an 

obstacle to the understanding of clinical problems and communication across the 

borders between specialties. The present clinical model (CM) that provides a common 

foundation for all clinical specialties. 

 

The biopsychosocial disease model has gained wide acceptance in clinical medicine 

(Engel 1977, Engel 1980, Wulff 1993, de Lusignan 2003, Sulis 2017). However, the 

model is very broad and does not guide, recommend or restrict which features should 

be evaluated in any domain (Jull 2017) and it is rarely used in medical research 

(Alonso 2004). In addition, it lacks crucial clinical concepts such as virulence and 

pathogenesis. 



                                                                                                         

10 

 

 

During the last 40 years the pendulum appears to have swung between the biological 

model and a psychosocial domain (Jull 2017). For example, in Norway, the medical 

assessment of work disability is largely evaluated by means of the biomedical model 

of disease. The biological model provides an ontological concept of objectivity, which 

is problematic and unjust because it does not take existential, psychological and 

social aspects of health and disease into account (Solli 2005).  

 

Model-based diagnosis (MBD) aims to troubleshoot systems by starting from a 

description of their structure and function (Palma 2006). A clear understanding of the 

clinical concepts etiology, disorder and pathogenesis is a minimal requirement, but 

these concepts often remain undefined (Palma 2006). 

 

Medical ontologies aim to bridge the gap between human knowledge and the vast 

medical research literature, and supply physicians with up-to-date knowledge (Duclos 

2007, DeLuca 2009, Marwede 2007, Rosse 1998).  It is unclear whether a multitude 

of medical ontologies is required (Smith 2007). The proliferation of ontologies is a 

major concern and harmonization is needed (Smith 2007, Smith 2008).  

 

The fragmentation of medicine is carried on by ontologies. If different specialties are 

reigned by different ontologies, then various specialties might be understood 

differently. This is unfortunate for primary care physicians because they are expected 

to survey and understand each of a patient’s disparate problems, which cover the 

whole breadth of clinical medicine.  

 

Medical knowledge is the foundation for CM. Knowledge is defined as justified true 

belief. Justification derives from medical practice and research (see Methods). This 

makes CM a useful empirical tool for school medicine. 

 

CM is inspired by the biopsychosocial model. The present study extends earlier work 

(Bassøe 1978, 1981, 1985a, 1985b, 1985c, 1985d,  1986, 1988, 2007a, 2007b, 2009, 

Hammond 1988) and an accompanying CM of health (Bassøe 2019). We start by 

describing disorder, and follow up with descriptions of epidemiology, virulence, 

etiology,  risk and pathogenesis. These terms are used to discriminate health from 

disorder and define disorders, syndromes and diseases. 
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Results and Discussion 

Health and disorder are complementary concepts but the border between them can 

be fuzzy. Healthy persons feel well and function appropriately. Patients with a 

manifest disorder suffer from physical disabilities and mental problems. The transition 

from health to disorder is caused by etiological agents. If the disorder is reversible, 

then the removal of the causative agent brings back health. Otherwise, some tissue 

may be replaced by scar formation causing disorder with altered morphology and/or 

altered function. 

 

Infections with a known microorganism are prototype diseases. The microorganisms 

may cause disorder in some body part. Immune reactions aim to inactivate or kill 

microorganisms and destroy them. The immune reaction may also harm the body 

part. Figure 1 illustrate these possibilities and gives an overall picture of CM. 

 

                                                                                                        

Environment 
                         bacteria 
 

                                                                                         

Patient 
 

 

                                                PMN 

                appendix                                bone marrow 

                       diagnosis = bacterial appendicitis 

Figure 1. Bacteria (red) invade a primary affected body part, the 
appendix vermiformis and triggers local disorder. Signals are sent 
to the secondary affected bone marrow that responds by sending 
white blood cells (PMN) (green) to the appendix. Infection is a 
ternary complex consisting of the primary affected body part 
harboring both bacteria and white blood cells. The empirical 
picture confirms the diagnosis. 

 

Disorder 

Disorders are caused by etiological agents and pathogenetic mechanisms (see 

below). Manifest disorder is defined as a morphological state or functional behavior 

of one or more body parts that causes unwanted symptoms and clinical signs and 

laboratory values beyond the reference range. Healthy persons do not manifest such 



                                                                                                         

12 

 

states and do not experience mental problems such as pain and confusion. Well-

known clinical prefixes denote the direction of change of morphology and function.  

Direction of change 

The direction of change is denoted by a universal list of clinical prefixes (a, hypo, 

normo, hyper, meta, dys, neo, extra). Normo means a value within a reference range 

and/or the habitual dynamics of a healthy person. A is equivalent to absent, but in 

some conceded clinical contexts a is used to denote diminished. Hypo and hyper 

mean values below and above the reference range, respectively. Meta implies the 

change of one normal structure or function into another normal variant. Dys generally 

means irregular and neo characterizes a new irregular structure or function. Extra 

pertains to an additional structure or activity. These prefixes combine systematically 

with parenchyma, tubes, slits/cavities and connective tissue. 

 

Developmental disorders 

Developmental disorders come in two different types. One is associated with 

pathological cell or1 tissue differentiation or maturation. The other is due to abnormal 

degeneration. Typical disorders in this group is anencephaly, lacking corpus 

callosum, absent closure of the neural tube, lack of some opening, congenital tube 

stenosis, persistent openings such as open ductus arteriosus and complex 

malformations such as the tetralogy of Fallot. 

 

Hypogonadotropic hypogonadism and reduced or absent olfactory sense can be due 

to an anatomical defect of the olfactory nerve (Alnæs 2019). Patients have low levels 

of sex hormones such as testosterone, estradiol, luteinizing hormone (LH) and follicle-

stimulating hormone, and the interaction between luteinizing hormone, follicle-

stimulating hormone and estradiol is also disrupted. 

 

Biological gender is determined by the interaction of several genes and epigenetic 

factors. Disorders of sex development (DSDs) are defined as congenital conditions in 

which development of chromosomal, gonadal, or anatomic sex is atypical (Arboleda 

2014). Genomic disorders give rise to all sorts of mixed biological gender: testicular 

 

1 ‘or’ is used inclusively as and/or. 
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feminization, androgyne phenotype, intersex variants, etc. (Slagstad 2018). We start 

with tissue generation. 

Aplasia and Agenesis 

Aplasia means absence of cells in a cell line. It may be the mark of a developmental 

disorder, but aplasia can be acquired later in life (see below). Agenesis means failure 

of development of some body part. It implies aplasia of several cell lines. 

Developmental disorders may affect one body part, for example the lack of an organ 

system such as pancreatic and renal agenesis. Pathogenic variants in six genes have 

been reported to severely affect pancreatic development and result in pancreatic 

agenesis (De Franco 2019). One or more out of 11 genes are affected in kidney 

agenesis or hypoplasia (Jain 2018). Another typical example is anencephaly – the 

lack of brain.  

 
Achondroplasia is an example of absent cell proliferation, which results in premature 

closure of the growth zones of long bones. This causes one form of dwarfism. The 

characteristic features of achondroplasia are an average-size trunk, short arms and 

legs with particularly short upper arms and thighs, and an enlarged head 

(macrocephaly) with a prominent forehead. 

 

In segmentation disorders one or more body segments are disordered or lacking. 

Solid organs and limbs are made from tissue buds.  Lack of bud formation can lead 

to lacking organs such as pancreatic agenesis or lacking all four limbs (amelia). 

Hypoplasia 

Aplasia – also called hypoplasia - means too few cells in a cell line or a tissue. For 

example, jaw hypoplasia (hypognaty) is due to impaired mandibular development.  

Hyperplasia 

Hyperplasia means an increased size of a body part due to too many cells, i.e. 

increased tissue size. Each cell functions within the reference range. The new 

Congenital jaw hyperplasia (hypergnaty) is due to increased tissue formation during 

mandibular development. 

Metaplasia 

The sex organs are breasts, ovaries, uterus, vagina, clitoris, prostate, testicles and 

penis. In recent years intersex or disorders of sex development (DSD) has had a 
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prevalence of 1 person in 100. DSD includes disorders of secondary sex 

characteristics such as gonadal morphology and function, diaphyseal growth, hair 

distribution, voice pitch and muscle mass. 

Dysplasia 

Disorders of segmentation also cause limb malformations, and abnormal head, face, 

and tooth development. Dysmelia means lack of one or more limbs. The clavicles are 

absent in cleidocranial dysostosis. Dysraphisms are defective fusion of two ridges into 

a raphe. Lack of fusion of upper lips cause lip clefts, which can be combined with 

dysraphism of the palate leaving a combined lip and palate cleft.  

 

Spina bifida is an incomplete closing of the spine and membranes around the spinal 

cord. There are three main types: spina bifida occulta, meningocele and 

myelomeningocele. They are most commonly located in the lower back region. 

 

Another type of dysplasia concerns tube systems, for example the persistence of open 

ductus arteriosus after birth. Then there are complex tube malformations such as 

heart malformation called the tetralogy of Fallot. 

Degeneration 

Diminished programmed cell death leads may give rise to persistent immature organ 

remnants. This is encountered in developmental abnormalities of the thyroglossal 

duct and pharyngeal arches. In the former, a thyroglossal cyst may develop. Failing 

degeneration of the third and fourth ectodermal cleft give rise to persistent cervical 

sinus. Lack of degeneration of the remaining mammary ridge relatively often gives 

rise to accessory nipples (politely), and occasionally to accessory mammary glands 

(polymastia). 

 

On the other hand, loss of tissue may be due to too prominent degeneration. 

Examples of dystrophies limited to certain CNS regions are Alzheimer’s (frontal) 

dementia, olivopontocerebellar atrophy, cerebellar cortical degeneration, amyotrophic 

lateral sclerosis, and spinal muscular atrophy (Wilson 2016). 

Regions 

Many etiology agents attack specific body regions. For example, hand contact with 

nickel induces a local Immune Reaction (IR) in the skin in patients that are allergic 

towards nickel. Without nickel exposure, there is no IR towards nickel. None-nickel 
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allergic persons do not experience IR upon nickel exposure. Disorders of one spinal 

nerve is manifested in its dermatome and myotome. Herpes zoster is limited to a 

dermatome on one side of the body. Frontotemporal dementia is caused by brain cell 

loss in the frontal and temporal lobes. 

Body parts 

Disorders are defined by pathological structure or abnormal function. Parenchyma, 

tubes, slits/cavities and connective tissue differ systematically in morphology and 

function. The differences give rise to different types of disorders in these four 

structures. For example, there are important differences between the pure waste of 

alveolar walls (emphysema) and pure bronchial obstruction, but the two disorders may 

combine. Likewise, disorders of the gastrointestinal parenchyma and gastrointestinal 

tubes differ in type. In contrast, there are many similarities between disorders of 

corresponding components in different body parts, for example, disorders of the liver- 

and adrenal parenchyma on one hand and the bile duct and the ureters on the other. 

These similarities and differences are used to reduce the complexity of disorders. 

Parenchyma and connective tissue 

One of the many cell lines of the brain, kidneys, liver, heart, bone marrow, spleen, 

lymph nodes, adrenals, etc. may be affected while the others perform normally. In 

general, in body parts that consist of several cell types, one cell type may display 

abnormal function and morphology while the others behave normal. 

Morphology 

Pathology is about abnormal architecture and size of body parts, and the causes of 

these morphological deviations.  

Tissue and cell damage 

Loss of tissue is due to cell damage with loss of cells or disordered regulation of cell 

number with diminished growth. Let us start with cell damage. 

Contusion 

A contusion is an injury to tissues with local cell damage and immediate cell death. 

Blood from the broken vessels accumulates in the traumatized tissues and causes 

fluid accumulation (edema) and irritates pain receptors (nociceptors). Most heal 

without special treatment. Cerebral contusion is a serious brain injury. Bruise is a 

contusion of the tissue underlying the epidermis with skin discoloration and without 

breakage of skin. 
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Surface cell membrane leaks 

When surface cell membranes leak cytosolic components are freed and appear in the 

blood. Because intracellular organelles are intact their constituents do not appear in 

blood. Leaks may arrest cell proliferation and lead to apoptosis. 

Lysis 

The surface membrane leaks or dissolves. Cell contents are released to the 

intracellular space and from there to the blood. Hemolysis means lysis of erythrocytes 

leading to anemia and the liberation of hemoglobulin to the blood and from there to 

urine. Lysing liver cells release characteristic enzymes to the blood. 

Necrosis 

Necrosis means abnormal cell death and dissolution of the cells. All cell functions are 

lost. The damaged cells leak intracellular contents to the extracellular fluid and blood. 

Necroses trigger immune reactions (see below). Necroses that are not repaired by 

regeneration are replaced by scar tissue and fat cells. 

Degeneration 

Cell degeneration may appear as clear or cloudy swelling. Clear swelling is a sign of 

sodium and water entering the cytoplasm. Cloudy swelling is due to swelling 

mitochondria that give the cytoplasm granular appearance. Accumulation of fluid, fat, 

glycosaminoglycans or malformed proteins in cell organelles cause them to swell and 

loose function. 

 

Fatty degeneration is the accumulation of fat in cells of parenchymatous organs and 

muscle fibers. Leukodystrophy is a group of disorders of myelin formation by 

oligodendroglia cells. 

 

Degeneration may be limited to one or more cell types. Various forms of muscular 

degeneration distinguish themselves by various affected muscle groups, the age of 

onset and the rate of progression of the disorder. Muscle cells may degenerate after 

a normal intrauterine development and the process is limited to segments. This is 

characteristic of spinal muscular atrophy and muscular dystrophies. The distribution 

of the affected segments varies, making agreement about the classification of 

muscular dystrophies difficult. 

 

Abnormal protein structure can block their digestion in cell organelles called 

proteasomes (Guo 2018) and can be deposited intracellularly as clumps or fibers. 
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This is seen in in frontotemporal (FTD) and amyotrophic lateral sclerosis (ALS). 

Dissolved cells release insoluble fibrous material to the intercellular space (ICS). 

 

Mucoid degeneration is the accumulation of mucoproteins within the ground 

substance of the ICS. Hyaline degeneration means the accumulation of substances 

in ICS with a homogenous glassy appearance. An extracellular accumulation of 

proteins with special staining and refractive properties is called amyloid. Amyloid 

deposits in the heart muscle and kidneys can have deleterious consequences to 

myocardial contractility and glomerular permeability, respectively. Abnormal ICS 

deposits regularly reduces the function of the local parenchyma. 

Torsion 

Torsion arises in body parts that are suspended by a vascularized stalk. Torsion 

obstructs the arterial blood supply to and the venous drain from of the affected body 

part. For example, the blood circulation is compromises in testicular torsion, and if not 

relieved, the testicle will necrotize. Torsion of a segment of the intestine is called 

volvulus. 

Body part size deviations 

The suffixes –trophy and –plasia denote the size and number of cells in a 

parenchyma, respectively. In morphological contexts the prefixes a-, hypo- and hyper- 

indicate a change in body part size with preserved normal architecture.1 

 

The word tumor means a local increase in the amount of tissue irrespective of its 

morphology. Local bleeding, focal accumulation of fluid, and increased circumscribed 

tissue growth are all tumors. Pregnancy is sometimes mistaken for an abdominal 

tumor(!) Enlargement of the liver (hepatomegaly) is often due to increased amount of 

fluid in the liver or increased liver cell size due to fat accumulation (fatty liver = 

steatosis). Here we concentrate on other causes of organ enlargement decreased 

and increased amount of tissue, and tumors due to local increased tissue growth. 

Aplasia 

Aplasia means absence of all cells in a cell line. Bone marrow aplasia means that the 

bone marrow contains no blood forming cells. The marrow lacks cell lines producing 

red blood cells, leukocytes and platelets. This is reflected in low blood concentrations 

 

1 Hypotrophy is rarely used. 
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of red blood cells, platelet and white blood cells; respectively anemia, and severe 

thrombocytopenia and leukopenia. 

 

Hypoplasia 

The number of cells in one or more cell lines is diminished, but they are not absent. A 

typical example is microcephaly. Each cell functions within the reference range, but 

the total function of the affected cell line is diminished. 

Atrophy 

Atrophy is loss of cell leading to the waste away of a body part. We know of atrophy 

of the thyroid, adrenals, kidneys, heart, lungs (emphysema), and other parenchyma. 

Generalized bone atrophy is termed osteoporosis. Osteomalacia is selective loss of 

calcium containing hydroxyapatite crystals, but bone matrix proteins are not affected. 

 

Several brain disorders are due to atrophy in one or more cerebral lobes. The frontal 

lobe in Alzheimer’s disease, and the frontotemporal (FTD) and parietal lobes in two 

other sorts of dementia. The feared amyotrophic lateral sclerosis (ALS) is usually 

limited to atrophy of motor neurons in the most distal part of the brain (metencephalon) 

but can also involve other nerve segments, in particular lumbar segments.  

 

Atrophy of cartilage is the hallmark of arthrosis. Roughness of the articular surfaces 

combined with diminished lubrication reduces mobility of the affected joint(s). Usually 

there is bone sclerosis adjacent to the cartilage possibly with bony cysts. Lipoatrophy 

describes a rare fat loss from an area or region, or a small size of fat cells (adipocytes).  

Hypertrophy 

Hypertrophy means increased cell size. Typical examples are myocardial hypertrophy 

and large, in obesity large fat filled adipocytes. Obese children risk both fat cell 

hypertrophy and -hyperplasia. Among cell organelle hypertrophy are the giant 

vesicles of the rare Chediac-Higashi’s syndrome (Kaplan 2008). 

Hyperplasia 

Hyperplasia means increased cell number. Prostatic hyperplasia is among the most 

common disorders in elderly males. Psoriasis is seen as epidermal hyperplasia with 

elongation of the rete ridges. In bone marrow hyperplasia, the marrow is 

overpopulated by one or more of three major cell lines erythropoiesis, granulopoiesis 

and thrombopoiesis that produce red blood cells, certain white blood cells and 

platelets, respectively. Individual cells in these three cell lines display normal 
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functions, but the overall function of each cell line is increased. -cell hyperplasia is a 

rare hyperplasia of the Langerhans isles in which the total function of the pancreatic 

-cell line is increased. 

 

Fibrosis is equivalent to fibroblast, fibromyocyte and fibrocyte hyperplasia. One type 

of fibrosis seems to be driven by transforming growth factor β1 (TGF-β1) and extra 

domain A containing fibronectin (EDA-FN) (Zent 2018). Primary fibrosis destroys the 

parenchyma and disrupt its function. Fibromyoblasts are contractile cells that may 

squeeze small blood vessels and increase blood pressure. 

 

Although jaw hyperplasia may be a developmental trait, it can also be a sign of 

acquired increased perichondral growth and ossification due to excess as in 

acromegaly with enlargement of the soft tissues, forehead (glabella), hands and feet. 

Most often acromegaly is due to increased amounts of extracellular stimulators such 

as growth hormone (somatotropin) and somatomedin C.  

 

Obesity arising in childhood is accompanied by a widely distributed increase in fat cell 

number. Fat accumulates in abdominal structures such as the mesentery and exerts 

pressure on the diaphragm. The abdomen is distended. 

Structural abnormalities 

Overextension, rupture, fissure and fracture 

Overextended tendons remain in one piece. Rupture commonly leads to joint 

instability. With bone fissure the two parts keep in close contact and are in line with 

each other. Fractures are characterized by a space between the axis of the two bone. 

In complicated fractures  bone pipe ends perforate the skin. Pathological fractures 

arise spontaneously or from weakness or from mechanical trauma that normally do 

not cause fracture. 

 

Other alterations in tissue structure are described by the prefixes meta-, dys-, neo-, 

and the suffixes –blastoma and -cytoma.  

Metaplasia 

Metaplasia means the exchange of one healthy tissue by another. Typically, in 

intestinal metaplasia the gastric epithelium is replaced by intestinal epithelium. 

Squamous cell epithelium can substitute the normal cylindrical lining epithelium in 

trachea, bronchi and uterine cervix. Also, bone marrow may be misplaced in liver and 



                                                                                                         

20 

 

spleen. In endometriosis uterine glands are found in the myometrium and the pelvic 

cavity. 

Dystrophy 

In dystrophic tissue cells on the same maturation stage vary in size, form and 

structure. In muscle dystrophy, myocyte necrosis may involve both skeletal and heart 

muscle (Hasselberg 2018). 

Dysplasia 

In dysplasia tissue and cell morphology differ from their healthy counterparts. Cells 

and nuclei vary in size, form and localization. The nucleoli also vary in size and 

localization and so does chromatin density. In epithelial dysplasia there may be a cell 

overgrowth, but dysplastic tissues keep on the normal side of the basement 

membrane. For example, cell changes in bronchial, mammary and cervical dysplasia 

may be profound, but epithelia respect its borders. Dysplasia may progress to 

carcinoma (see below). 

 

Myelodysplasia denotes a group of bone marrow disorders that affects one or more 

hematopoietic cell lines. Proliferation and maturation of cells are diminished leading 

to mature cell counts below the lower reference limit and loss of cell functions. For 

example, neutrophil phagocytosis and chemotaxis is low. The normally finely 

distributed contractile actin filaments are clumped (Bassøe, unpublished 

observations). Myelodysplasia may progress to myeloid leukemia (see below). 

 

The term myelodysplasia also refers to a group of developmental anomalies that 

result from defects occurring during neural tube closure (ICD10 code Q06.1). The 

disorders include spina bifida occulta, meningocele, lipomyelomeningocele, and 

myelomeningocele. Myelomeningocele is by far the most common and the most 

devastating (Favazza 2017). 

Proliferative disorders 

Myeloproliferative disorders are characterized by the overgrowth of one or more cell 

lines in bone marrow. They get their name from the dominant cell line, for example 

red blood cells (polycythemia rubra vera), platelets (thrombocytosis), granulocytes 

(chronic myelogenous leukemia) or monocytes (myelomonocytic leukemia). The 

function of the mature cells is usually diminished, but this is compensated by the 

increased number of mature cells. This may lead to odd combinations of hypofunction 
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and hyperfunction, for example in thrombocytosis a bleeding tendency (hemorrhagic 

diathesis) is often combined with increased blood clot formation (thrombosis). 

 

Adenoma and other -oma 

An adenoma is a solid local growth of a single parenchyma. They are often 

encapsulated by a slim connective tissue sheath. The cells have their usual 

morphology. A connective tissue capsule surrounds the tumor. Typical examples are 

adenomas in the pituitary, thyroid, adrenal cortices, mammary glands, and pancreatic 

-cell adenomas. 

 

Fibroma, lipoma and leiomyoma are benign tumors of connective tissue fibroblasts 

and fibrocytes, adipocytes, and smooth muscle cells, respectively. Hemangiomas 

stem from benign capillary proliferation. 

Neoplasia 

A neoplasia is a malignant tumor. Neoplasia means severe dysplasia plus the 

invasion of tumor cells into the surrounding tissue. The tissue architecture deviates 

profoundly from the normal counterpart. Malignant tumors may spread to distant body 

sites (metastasis). 

 

Classically, the name of a neoplasia is determined by the morphological similarity to 

the tissue it derives from. Carcinomas derive from epithelial tissues and sarcomas 

from connective tissue, muscle and bone. Fibrosarcoma, liposarcoma, 

rhabdomyosarcoma, leiomyosarcoma and chondrosarcoma are malignant tumors 

stemming from fat cells, fibroblasts, and striated and smooth muscle, and cartilage, 

respectively. Mastocytosis is a group of clonal expansions of abnormal mast cells. 

 

Normal blood cell development (hematopoiesis) can be transformed into acute 

myeloid leukemia (AML). Chronic myelogenous leukemia (CML) develop from stem 

cells giving rise to the white blood cells called neutrophil granulocytes (neutrophils).  

Lymphoid tissue may transform into solid tumors (lymphoma) with enlarged lymph 

nodes, liver and spleen, and/or into acute lymphatic leukemia (ALL). Chronic 

lymphocytic leukemia (CLL) is characterized by high concentration of small, immature 

B-lymphocytes in peripheral blood. AML and ALL are characterized by overgrowth of 

immature leukocytes (blasts) and untreated the prognosis for survival is poor. Multiple 

myeloma arises from transformed B-lymphocytes and plasma cells. Tissue and cell 
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morphology, genomics and proteomics determine the leukemia and lymphoma 

subtypes. Their classification is quite complex. 

 

The growth of cancers and other neoplasia depend on capillary supply of O2 and 

nutrients. Recent investigations show that membrane tubes can connect cancer cells 

and drive tumor progression and resistance against chemotherapy (Winkler 2018).  

 

Morphological classification is gradually being superseded by molecular sorting, 

which is better suited for the selection of effective drugs (tumor diagnostic indication) 

(Børset 2019, Sweet-Cordero 2019). 

Function 

The direction of function change is described by antonym prefixes to ‘function’ into 

afunction, hypofunction, hyperfunction, metafunction, dysfunction and neofunction. 

Genome disorders 

Somatic mutations occur after conception and affect any of the immature cells of the 

body. Somatic mutations in cells other than sperm and ova are not passed on to 

children. Mutations are insertions, deletions and change in purine and pyrimidine 

bases in DNA. The insertion or deletion of one or two purines or pyrimidines in a 

structural gene may introduce stop codons that shorten the protein and distort the 

protein’s function. 

 

Structural genes are read until a stop codon is reached. If a mutation is encountered, 

then the protein made from the gene is truncated (Xie 2007). Mutations in the active 

site of a gene encoding an enzyme inactivate or decrease the enzymes’ activity. 

Phenylketonuria (PKU) is a prototype example of a recessive inborne error of 

metabolism. PKU is usually caused by a defective or missing gene coding for the 

enzyme phenylalanine hydroxylase (PAH). Accumulation of phenylalanine and its 

breakdown products are neurotoxic causing brain damage with progressive mental 

retardation (Guttler 1989). The correspondence between the phenotype and various 

mutations in their alleles is quite complicated (Blau 2011).  

 

Von Willebrand-factor (VWF) is a protein in the blood coagulation that promotes 

coagulation. The procoagulant activity of truncated versions of VWF diminishes with 

decreasing length of VWF. The activity of truncated VWF is lost if its active binding 
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site to platelets, collagen or FVIII is broken (Branchford 2012). Mutations may hinder 

secretion or increase clearance of VWF from blood. This explains the multiplicity of 

bleeding disorders due to mutations in VWF gene. The diagnosis of Von Willebrand 

disease are derived by consensus (Sadler 1994, Branchford 2012, Sanders 2015). In 

general, the classification of genetic disorders of multimeric proteins, including 

hemoglobinopathies, is complex and cannot be treated further here. 

 

In recent years, a large collection of diseases called channelopathies have been 

discovered. These are disorders of transport of electrolytes, sugars and other 

metabolites through cell membrane channels. Cystic fibrosis is one of the most 

prominent members of channelopathies with diminished transport of Cl- across the 

cell membrane in serous glands (Bonadia 2014, Ivanov 2018). Some deadly cardiac 

arrhythmias (Garcia-Elias 2018) and epilepsies (Noebels 2017) also fall in this 

category. Atrial fibrillation (AF) is a fast and irregular contractions of the atria. AF is a 

highly heritable condition. In AF an activating enhancer binds robustly to the non-risk 

allele in cardiomyocytes but not to the risk allele (Ye 2016). A missense mutation in 

the L-type calcium channel is associated with developmental delay and autism (Paşca 

2011). The clinical picture of channelopathies is varied. 

 

Two specific mutations in the Fibroblast Growth Factor Receptor 3 (FGFR3) gene are 

responsible for almost all cases of achondroplasia (Shiang 1994). The single gene 

dominant mutation diminishes diaphyseal growth. The growth plate cartilage is 

dysplastic, although the name of the condition erroneously implies that the cartilage 

is absent (Lucas 2017). The name should read ’Diaphyseal chondrodysplasia’. Two 

copies of the mutant gene are invariably fatal before or shortly after birth. However, 

hypochondroplasia is a clinically and genetically heterogeneous condition. 

 

Various versions (isoforms) of the FGFR3 protein are produced from the FGFR3 

gene. Different isoforms are found in various tissues of the body and interact with a 

variety of growth factors. The severity of this disease is related to FGFR3 mutations 

and is greater than that of other mutations (Rousseau 1996). Also, FGFR3 mutations 

are involved in several other disorders than achondroplasia (Cohen 2002). For 

example, FGFR3-TACC3 fusion occur in several cancers (Lee 2018, Tamura 2018). 

 

Three genes (SMN, NAIP and p44t) are reported for childhood onset spinal muscular 

atrophy (SMA) (Akutsu 2002). SMA is a complex gene with several regulatory 
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functions (Ottesen 2019). More extensive SMA deletions are seen in the severe form 

of SMA than in the milder forms  (Rodrigues 1996). Deletions in both SMN and NAIP 

are associated with both a severe and mild phenotype. 

 

Gene expression changes with age. A typical example is the switch in hemoglobin 

(Hb) from HbF to HbA at delivery. Development continues after birth and the 

prevalence of  cardiovascular disorders, tumors and other disorders increases with 

age. 

 

Parts of a gene may multiply and concatenate, whereby the gene elongates 

considerably. Such abnormally long genes may give rise to abnormally long proteins. 

Huntington’s disease is a progressive neuron degeneration of the striatum. It is 

caused by the concatenation of cytosine-adenine-guanine (CAG) repeats in the 

huntingtin gene (HTT). The accumulation of long huntingtin proteins causes neuron 

degeneration. One defective autosomal HTT gene is enough to elicit disease.  

 

Genes controlling mandibular development may cause jaw hypotrophy (hypognaty) 

(Vidavalur 2018). In contrast, mandibular prognathism is characterized by a prominent 

mandible. Mutations in ADAMTSL1 inhibits the destruction of cartilage in the growth 

zone of the mandible and promotes growth of the mandible. Thus, ADAMTSL1 

mutations are responsible for mandibular prognathism (Kantaputra 2019). Although 

jaw hypertrophy may be a genetic trait, it is also a sign of acromegaly, which is due to 

increased secretion of growth hormone or somatomedin C. 

 

Sex plays an important role for the different disorder profiles in females and males. 

Prominent sex organ and growth variants are linked to the number of female X and 

male Y chromosomes and mutations in genes that control the development of sex 

organs. 

 

Some morphological disorders are due to mutations in genes that steer development. 

Euploid cells have 46 chromosomes. Aneuploid cells have abnormal chromosome 

number. Aneuploidy may result in developmental disorders with structural and 

functional abnormalities. Examples are Downs syndrome with three copies of 

chromosome 21 (trisomy 21) and Turner syndrome females with only one X 

chromosome (monosomy X). Most cases of Downs and Turners syndromes are not 

inherited.  
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Homeobox genes are important regulators of development. Mutations in homeobox 

genes are responsible for a variety of developmental disorders. For example, 

mutations in the HOX group of homeobox genes typically cause limb malformations. 

Changes in PAX homeobox genes often result in eye disorders, and changes in MSX 

homeobox genes cause abnormal head, face, and tooth development (NLM 2018). 

Increased or decreased activity of certain homeobox genes has been associated with 

several forms of cancer later in life. DNA methylation also plays an important role in 

several diseases including a variety of neurodevelopmental disorders (Butcher 2017). 

 

Genes may translocate to other chromosomal sites and gain new transcriptional 

control (transposition, “jumping genes”) (Schwartz 1995).  This is commonly found in 

many cancers and leukemias. Fusion genes are found in leukemia, lymphoma and 

many other malignancies (Smebye 2017). Chronic myelogenous leukemia (CML) is 

due to a translocation between chromosomes 9 and 22. The gene bcr is brought in 

apposition to the gene abl to generate the bcr-abl gene on chromosome 22, which is 

responsible for CML. 

 

Genes involved in programmed cell death is also affected by translocations. 

Translocation of BCL2 is thought to be the cause of some follicular lymphomas 

(Tsujimoto 1985). In follicular lymphoma, the translocation t(14;18)(q32;q21) 

deregulates a fusion gene leading to excessively levels of the antiapoptotic protein 

Bcl-2 (Vaux 1988). Also, the translocation t(11;14)(q13;q32) in mantle cell lymphoma 

upregulates cyclin D1, a protein that promotes cell proliferation (Li 1999). 

 

Defects in the functions of exosomes is associated with a motor pontocerebellar 

hypoplasia and neuron degeneration disease (Falk 2017). Acute myeloid leukemia 

blasts may remodel the bone marrow niche into a leukemia growth-permissive 

microenvironment through exosome secretion (Kumar 2017). 

 

The immune system perceives antigens as foreign or dangerous. The body combats 

antigens by establishing immune reactions (IR) against them. The autoimmune 

regulator (AIRE) gene plays a key role in shaping immunological tolerance to many 

self-antigens by inducing a specific subset of regulatory T cells. About 100 mutations 

have been identified in AIRE. Certain mutations in AIRE cause serious IRs against 

endocrine glands (recessive polyendocrine syndrome). Other mutations in AIRE 
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result in milder common adult autoimmune diseases like pernicious anemia, vitiligo 

and autoimmune thyroid disease (Bruserud 2016). Mutations in genes that are 

important for T lymphocyte functions impair the control of herpesviruses leading to 

chronic infections (Cohen 2018). However, naturally occurring human autoantibodies 

may also limit certain diseases (Meyer 2017). 

 

Clearly, the complexity of genomic diseases has grown considerably over the last few 

decades. Goal-directed treatment has been amply demonstrated. The promise of 

further gene-targeted treatment is considerable. 

Cell biology 

Mutations can interfere with biosynthesis of organelles, prevent their formation and/or 

the trafficking of vesicles between the surface cell membrane, endoplasmic reticulum 

and Golgi apparatus (Nurden 2011, Krzewski 2013). Such disorders can cause 

diminished and increased cell functions. A loss of function of the protein MECP2 

results in aberrant neural circuit development and leads to Rett syndrome (Sharma 

2019). 

Mechanical functions 

Afunction and hypofunction 

Bone atrophy (osteoporosis) means loss of bone matrix and crystals, which 

diminishes resistance towards fracture. Tumor metastasis that destroy bone may 

cause spontaneous (pathological) fracture. Atrophy of myocardium causes 

myocardial hypofunction and heart failure. Acontraction (paralysis) of striated muscle 

signifies lack of muscle contraction. Hypocontraction (paresis) means diminished 

contractility. 

 

Failure of relaxation also reduces motor activity. Affected muscle (groups) remain in 

a state of contraction. This is seen in transient, painful skeletal muscle spasms and is 

a hallmark of myocardial stunning. Myotonia is a chronic disorder characterized by 

prolonged contraction of the skeletal muscles. 

 

Diminished neutrophil chemotaxis and phagocytosis results in diminished killing of 

microorganisms and reduces resistance against bacterial and fungal infections 

(Bassøe 1989). Reduced function of tight junctions between the lining epithelial cells 

in the intestine results in leaks of contents from the intestinal lumen to the blood (Citi 

2018). 
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Afunction and hypofunction of pyramidal cells in one side of the cerebral motor cortex 

induce spastic contraction of arm flexors and leg extensors on the opposite body part. 

Diminished function of basal ganglia as seen in Parkinson’s disorder, diminishes serial 

contraction of muscle cells, diminishes the range of limb motion and decreases step 

length during walking. Also, rhythmic flexion and extension, and rhythmic pronation 

and supination leaves shivering (tremor) of fingers and rotational motions of the of the 

hand, respectively. In addition, fluidity of motor movements is reduced leading to 

spasticity. 

Hyperfunction 

Muscle hyperfunction comes in varied forms. Spasms are transient increased 

contractions of striated or smooth muscles. Myosis is defined as local passive 

contractile states in skeletal muscle that feel like hard clumps. Myotonia means painful 

contractions of a group of skeletal muscle cells on a scale that spans from weak to 

tetanic contractions. 

Dysfunction 

Dystonia is a movement disorder in which sustained or repetitive muscle contractions 

result in twisting and repetitive movements or abnormal fixed postures. The disorder 

involves cerebellothalamocortical connectivity (Argyelan 2009). There are as many 

dystonia variants as there are muscle groups. Some examples are hemidystonia, and 

multifocal or generalized dystonia. Hemidystonia affects an arm and foot on one side 

of the body. Multifocal dystonia affects various parts of the body. Generalized dystonia 

affects most of the body, frequently involving the legs and back. Several other 

complex motor dysfunctions (hemiballismus, chorea, athetosis, catatonia) cannot be 

covered here. 

Electric activity 

Electrical aberrations manifest as alterations in the amplitude or frequency of surface 

cell membrane electric potentials. The amplitude is the sum of the amplitudes of the 

action potentials and repolarization potentials of cells near the recording electrode. 

Afunction 

Arrest of the heart’s electrical activity is immediately followed by cessation of heart 

contraction (asystole) and coma. All the ECG leads display the isoelectric line. Lasting 

asystole leads to death. Lack of electric brain potentials indicates coma or brain death.  

Dysfunction 
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The heart rate may be regular, but too slow (bradycardia) or regular, but too fast 

(tachycardia). Finally, the heart rate may be very fast and regular (flutter) or very fast 

and irregular (fibrillation). Atrial fibrillation increases the risk of blood clot formation in 

the atrium. Ventricular fibrillation and flutter lead to asystole and fainting, and possibly 

to death. 

 

Neural feedback systems regulate activities of all organs and cells. Accordingly, brain 

damage can have devastating effects not only on limb motor functions, but also on 

autonomous nervous system functions such as smooth muscle tension and the 

secretory activity of exocrine glands. For example, epilepsy may change the heart 

rhythm and trigger attacks of sweating. 

Neofunction 

Novel depolarizations of heart muscle cells elicit novel contractions (extrasystoles) of 

the atria or ventricles. 

 

Epilepsy is a prototypical neuronal synchronization disorder (Noebels 2017). 

Spontaneous electrical discharge of a brain area activates its function. Electrical 

discharge in a part of the motor cortex leads to contraction of the corresponding 

skeletal muscle(s). Visual, auditory and gustatory experiences are triggered by 

activation of the corresponding cortical sites. Spontaneous discharge of certain 

regions in the temporal cortex even give rise to orgasmic feelings. Generalized 

epilepsy activates all the cortex and manifests itself as generalized tonic-clonic 

convulsions. 

Metabolism 

Mutations and other genome disorders may cause pathological biochemical 

pathways. Disorders of cell metabolism may be due to intracellular errors of 

metabolism in organelles or dysfunctional enzymes, or aplasia, hypoplasia, 

hyperplasia, atrophy or hypertrophy. Some neoplasias display increased total cell 

function. Thus, clinical biochemistry is closely linked to pathological anatomy. 

 

Homeostatic of metabolism means that the concentration of a metabolite is 

constrained within healthy limits. Depending on the type or metabolite, the 

concentration depends on the balance between absorption, and secretion plus 

excretion, or the rates of production and destruction.  Most metabolic disorders are 
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due to the loss of or accumulation of metabolites, which implies disordered 

homeostasis of metabolism. 

 

Hypoabsorption 

Malabsorption (sprue) means diminished uptake of nutrients and vitamins through 

surface membrane channels in the intestinal epithelium. This can be due to epithelial 

atrophy or hypoplasia, or channel defects. 

Hyposecretion 

Serum peptide and protein concentrations depend on the rate of production and loss. 

All cell types release peptides. Many cell types produce proteins, typically albumin 

and coagulation factors by the liver, and antibodies by plasma cells. Hyposecretion 

leads to low blood concentrations of peptides and proteins. The same holds true of 

transmitters, steroids and other small hormones, as well as secreted structural 

components (collagens, elastin, laminins, etc.). 

 

For example, one laminin mutation gives rise to the visual sign of bulla, whereas 

mutations in another laminin cause symptoms of flaccid muscular paresis and signs 

of muscular atrophy. A third laminin mutation causes glomerular leak with the 

laboratory finding proteinuria and the symptom  and signs of edema. Fuzzy sets of 

symptoms, signs and laboratory values are associated with etiological agents, 

disorders and pathogenetic mechanisms. 

Hypoexcretion 

Exocrine glands produce and secrete water, electrolytes and enzymes and release 

the contents to tubes. Hypoexcretion by salivary glands dries up the mouth and hinder 

the early phase of digestion. 

 

Malnutrition can be caused by lack of enzyme secretion from the stomach epithelium 

or exocrine pancreas - also called maldigestion. Too low parietal cells production of 

HCl land low chief cell production of pepsin hinder the digestion of proteins. Lack of 

intrinsic factor leads to vitamin B12 deficiency. Failure of the liver to make or secrete 

bile acids hinders uptake of fat from the intestine and leads to fatty stool. Pancreatic 

exocrine glands that do not deliver HCO3
- fail to neutralize HCl from the stomach. 

Defective release of lipase, proteases, DNase and RNase from the exocrine pancreas 

to the duodenum stops the digestion of fat, proteins and DNA and RNA and leads to 

malnutrition. 
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Combined (seromucous) glands secrete water and electrolytes, and mucin to the 

bronchi. Lack of sticky mucus is associated with increased risk of pulmonary 

infections. Lack of water and electrolytes causes bronchial obstruction by sticky 

mucus. A balanced production is vital. Also, hypofunction of goblet cells in tube walls 

that secrete mucin to stomach, intestine, colon and the bronchi may disrupt barrier 

functions (Flak 2019). 

 

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. Hypoexcreting Bartholin and 

vaginal glands leads to a dry vagina and troubled coitus. 

Hypocatabolism 

Enzyme deficiencies reduce the digestion of carbohydrates and lipids in various cells. 

For example, deposition of glycogen can lead to muscle hypofunction and early death 

due to respiratory muscle and/or heart failure. 

Hyperproduction and secretion 

Enzymatic disorders may cause an intracellular production, accumulation and release 

of toxic metabolites. A typical example is phenylketonuria. Diabetes type 2 can be due 

to increased hepatic glucose production. Obesity is a manifestation of increased 

triglycerides in fat cells (adipocytes). 

Hyperabsorption 

The uptake of some substances, e.g. iron, through the intestinal epithelium is 

regulated by the amount of body iron. High body iron content (hemochromatosis) is 

due to the lack of an inhibitor of intestinal iron uptake. Iron is deposited in and harms 

various tissues. 

Hyperexcretion 

Hyperexcretion by sweat glands can lead to loss of extracellular fluid and arterial 

hypotension and circulatory collapse. Bronchial hyperexcretion of mucin and fluid 

leads to cough with mucus expectoration. Hyperexcretion by colonic goblet cells leads 

to voluminous, blank, slimy stool. 

Humoral regulation 
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Hyposecretion 

Hyposecretion is a common disorder of classical endocrine glands. It is usually 

caused by atrophy or hypoplasia. However, there are examples to the contrary. Iodine 

deficiency reduces T4 production, which again induces TSH secretion and leads to 

thyroid hyperplasia (goiter). Lack of insulin in type 1 diabetes is a feared condition 

because this hormone is the most important regulator of blood sugar (glucose) 

concentration. It is expected that the cause of many more disorders will be understood 

as hyposecretion of other regulators (interleukins, growth factors, chemokines, 

poietins, lncRNAs, etc.) becomes better known. 

Hypersecretion 

Hypersecretion is a hallmark of hyperplasia. Hyperthyroidism, for example, means 

elevated secretion of thyroxin (T4) by a hypertrophic thyroid gland or a thyroid tumor. 

 

Adenomas may be functional or nonfunctional. A functional thyroid adenoma may 

outweigh the function of the remaining healthy thyroid parenchyma. In such a case 

T4 suppresses TSH production. The thyroid gland is atrophic while the adenoma 

stands out. Pancreatic adenomas that secrete gastrin stimulates gastric HCl 

production and causes peptic ulcers. Likewise, the overall secretion of insulin is 

abnormally high in -cell hyperplasia and -cell adenomas. In principle, all mature 

cells may be involved in hypersecretion. 

Immune disorders 

Afunction and hypofunction 

Immunodeficiency can be caused by disorders of innate or acquired immunity. 

Immunodeficiency is due to afunction or hypofunction of some leukocyte or immune 

factor (complement, interferon, cytokine, chemokine interleukin, etc.) (see e.g. Altare 

1998, Jong 1998). Immunodeficiency results in recurrent or chronic severe infections 

with high mortality. In contrast, diminished tolerance against host antigens leads to 

autoimmune disorders. Finally, in leukemia, lymphoma and multiple myeloma the 

function of leukocytes and plasma cells is diminished (see e.g. Bassøe 1999a, 

Bassøe 1999b). 

Hyperfunction 

Healthy plasma cells produce a variety of antibodies. Antigen-driven antibody 

secretion is polyclonal. T-helper lymphocyte hyperfunction can increase immune 

reactions. T-suppressor lymphocyte function may have the opposite effect. 
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Dysfunction 

Dysplastic plasma cells produce only one type of antibody and perhaps only light- or 

heavy chains of antibodies. These cells give rise to monoclonal gammopathy of 

uncertain significance (MGUS) both regarding progression to neoplastic cells and 

survival. 

Neofunction 

Plasma cell neoplasia (multiple myeloma) is also monoclonal, but the blood 

concentration of antibodies is higher than in MGUS. The plasma cells spread, destroy 

bone and can cause pathological bone fracture. 

Thermal functions 

Temperature is critically regulated and routinely monitored in clinical situations. 

Hypothermia 

Hypothermia is usually caused by heat loss that is not compensated by heat 

production. But hypofunction to the preoptic area (POA) due to nerve cell atrophy is 

also a cause of hypothermia. 

Hyperthermia 

Hyperthermia – fever - is due to increased heat production that is not compensated 

by heat loss. Fever can also be a clinical manifestation of POA stimulation and POA 

hyperfunction.  

Optic disorders 

The visual system has many detailed functions. Only a few can be mentioned here. 

The other sensory systems can be treated the same way. 

Amaurosis (blindness) 

Light transmission is reduced in corneal opacities, lens cataract and morphological 

changes in the vitreous body. Also, fibrosis in the retina and between the retina and 

the vitreous body can block light transmission. Hypo- and afunction of rods and cones 

of the retinal neural network leads to diminished vision or blindness. Complete color 

blindness (achromatopsia) is due to cone-, opsin- and certain occipital cortical 

disorders.  

Hypometropia and hypermetropia 

Too strong and too weak light refraction lead to myopia (hypometropia) and hyperopia 

(hypermetropia), respectively. Astigmatism means variation in the refractive power 

along different meridians of the eye bulb. 
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Melanocyte afunction and hypofunction 

Generalized lack of melanin synthesis causes albinism. Vitiligo is a circumscribed loss 

of pigment cells or due to locally diminished overall melanocyte function due to 

melanocyte atrophy or hypoplasia. 

Acoustic disorders 

The range of hearing disorders covers disorders in the acoustic pathway from the 

tympanic membrane to the secondary hearing center.  

A- and hypoacusis 

Deafness is obviously total hearing loss. The disorder requires bilateral damage to 

the acoustic pathway. Presbycusis is a sensory-neurogenic hearing loss. The major 

cause is the loss of outer hair cells in the organ of Cortis (inner ear). Cortical deafness 

are bilateral disorders of the primary and secondary acoustic center. 

Hyperacusis 

The stapedius muscle dampens high sound intensities. Diminished function of this 

muscle’s leads to the experience of high intensity sounds even when the 

environmental sound source is within the reference range. 

Dysacusis: tinnitus 

Tinnitus is the medical term for sounds ringing in the ears without an external sound 

source. The primary affected site can be anywhere in the acoustic pathway. 

Sensory disorders 

Sensory disorders are disorders of the pathway from peripheral sensory receptors 

and pain receptors (nociceptors) through the spinal cord and thalamus to the primary 

and secondary sensory areas. They consist of disorders of one or more sensory 

qualities. We limit this brief overview to a few disorders. 

Analgesia and hypoalgesia 

Loss of function or diminished function occur in all sensory pathways and can be 

caused by disorder at any site from the receptors to the cerebral cortex. The 

characteristic symptom is unawareness of or diminished awareness of sensory 

signals, e.g. lack of pain to adequate trauma. 

Hyperalgesia  
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Neuropatic pain is a general term used for disorders of sensory pathways. Burning 

pain is a characteristic of herpes zoster that only affects one ganglion and therefore 

is one-sided and limited to one peripheral nerve. The burning quality of the pain 

suggests disorder of temperature sensitive nerves. 

 

The skinache syndrome is a common local pain disorder that seems to derive from 

long term signals from nociceptors or distant parts of pain fibers since it can be 

abolished by local anesthetic and extirpation of the focus (Bassøe 1995). The pain 

from myosis is worsened by pressure and eliminated by one local lidocaine injection. 

The pain from skinache and myoses are elicited by local pressure, which is the 

hallmark of trigger points. The diagnosis fibromyalgia requires three or more trigger 

points. 

 

Phantom pain seems to be emitted from a lacking body part. For a long time, phantom 

pain was an enigma to philosophers. To Immanuel Kant world objects are ‘things in 

themselves’ (noumena) inaccessible to the mind. Noumena appear to us in perception 

as “phenomena” (Kant 1970, Russell 1996). Noumena  are ordered by the sensory 

apparatus and appear to us as conscious sensations. But to phenomenologists 

phantom pain is a mystery because the painful object (body part) is lacking (Merleau-

Ponty 1994). The puzzle was solved by the discovery of the innate cortical body map: 

Irritated nerve endings trigger the spatial location in the body map that corresponds 

to the lost body part and awareness is directed towards that virtual part. 

Brain-mind disorders 

Since mental functions run on the physical brain, morphological brain disorders often 

lead to mental disorders. This fact is often overlooked and reflected in the 

considerable variations in psychiatrists’ use of the ICD-10 codes (Faiad 2017, 

Starcevic  1997). 

Afunction and hypofunction 

Atrophic cortical regions do not uphold the healthy region’s function(s). The behavioral 

and mental manifestations of brain hypofunction depend on the affected brain cell 

type and the cerebral localization.  

 

Atrophy of the corticospinal motor neurons cause spastic paresis and -paralysis. In 

contrast, motor neuron atrophy leads to flaccid paresis and -paralysis. One variant, 

the feared amyotrophic lateral sclerosis (ALS), is usually limited to degeneration of 
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metencephalic motor neurons, but may also affect other segments of the central 

nervous system. Poliomyelitis differs from ALS in the distribution of affected motor 

neurons.  

 

Cerebellum computes internal models of muscle movements (Houck 2014). Under 

visual control, a healthy cerebellum directs voluntary movements directed right 

towards goals. Cerebellar disorders induce oscillatory voluntary movements towards 

goals, which is called intention tremor. This tremor is characterized by a broad, 

coarse, and low frequency (below 5 Hz). The amplitude increases as an extremity 

approaches the endpoint. In contrast, the tremor of Parkinson’s disease, which is due 

to degeneration of basal ganglia, is involuntary, occurs in rest, and has a steady 

higher frequency and constant low amplitude. 

 

Dementia is a clinical diagnosis of overall cognitive hypofunction. A score is calculated 

from the sum of various cognitive modalities, e.g. memory, arithmetic, and visual 

interpretations and reproduction. In dementia the total score of cognitive mental 

abilities is less than a limit of overall healthy cognitive functioning. 

 

Dementia is associated with frontal lobe degeneration (Alzheimer’s disease), 

frontotemporal dementia (FTD), parietal lobe degeneration with hypofunction, as well 

as hippocampal degeneration and hypofunction (Korsakoff’s psychosis), and 

degeneration of striate corpus (Huntington’s disease), degeneration of basal ganglia 

(e.g. Parkinson disease) or a combination of these disorders (Park 2016, Elder 2017). 

The discriminating clinical factor of these disorders is the fit between morphology and 

function. Selective disorders of the same specialized cortical regions express 

themselves as central paralysis, dyslexia, aphasia, agraphia and acalculia. 

 

Right parietal lobe damage tends to distort body representation (Haggard 2013). A 

painful limb may feel “foreign” or “strange”, as if it were not part of the patient’s body 

or that the contralateral side of their body is absent. 

 

Apraxia is the inability to perform skilled or learned movements (Park 2017). Apraxia 

is caused by disorder in the motor, premotor, temporal and parietal lobes. Subtypes 

of apraxia are ideomotor, ideational and limb-kinetic apraxia. Ideomotor apraxia is a 

disorder of gesture performance upon verbal command, despite relevant knowledge 

of tasks. Ideational apraxia is characterized by inability to conceptualize a task, 
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despite intact identification of the tools. Limb-kinetic apraxia is lacking ability to make 

precise, independent but coordinated finger and hand movements, and appears as 

clumsiness. 

 

Dementia due to brain atrophy is irreversible. Other types of mental hypofunction are 

sometimes reversible, typically internal hydrocephalus, and folate or vitamin B12 

deficiency – if treated in time. Multi-infarction dementia differs profoundly from 

Alzheimer’s disease. The former progresses as acute,  lasting loss of function, 

whereas the latter is chronic progressive.  

 

Insomnia can be due to disrupted brain network topology (Li 2018). Coma differs from 

sleep in that the patients cannot be awakened and fail to respond to painful stimuli, 

light or sound, and do not initiate voluntary actions. Autonomic functions like 

breathing, are intact. Coma is a state of unconsciousness with absence of working 

memory (WM). Lesions of the ascending reticular activating system (ARAS) cause 

coma and a persistent vegetative state (Edlow 2012). Awareness and arousal are 

immediately turned off by cardiac arrest or cyanide poisoning. Irreversible loss of mind 

means that death has ensued. 

 

Loss of memories - retrograde amnesia - is due to the loss of synapses as in brain 

atrophy. In antegrade amnesia data in short term memory (STM) are not transferred 

to long term memory (LTM). It is reversible in transitory brain disorders, but 

irreversible in bilateral atrophy of the medial temporal lobe and hippocampus 

(Korsakoff’s syndrome) (Wood 1984). In diencephalic amnesia, impaired temporal 

memory is primarily due to disorders in the mammillary bodies and thalamus (Nelson 

2017, Savastano 2017).  

 

Examples of loss of qualia are cortical blindness and cortical deafness, which are 

most often due to localized cortical atrophy in the occipital and temporal lobes, 

respectively. Pain is due to signals from pain centers to WM. Accordingly, pain counts 

as a qualia type. This accords with the finding that painful stimulation of chronically 

inflamed body parts induces lesser activation in brain regions compared to stimulation 

of unaffected sites (Sandström 2019): chronic pain downregulates the pain default 

network. 
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A neural schizophrenic phenotype is characterized by diminished neuronal 

connectivity and decreased neurite number (Brennand 2011). More generally, 

changes in and atrophy of brain regions and their connections are associated with 

several psychiatric disorders (Geisler 2015, Zugman 2015). For example, the inferior 

longitudinal fasciculus (ILF) (the ventral visual stream) has cortical endpoints in visual 

occipital and inferior temporal associative areas (Herbet 2018). The ventral stream 

carries out information about perceptual features, allowing the creation of LTM for 

object, face, color, and written word recognition. Visual agnosia due to disruption of 

ILF, results in the inability to recognize long term visual memories used in face and 

word recognition, despite the absence of primary visual defects (Migliaccio 2012, 

Herbet 2018). 

 

Over the years psychiatric disorders have been led back to environmental strain or 

brain disorders. Kraepelin discriminated psychiatric disorders rooted in brain diseases 

from supposedly environmentally determined psychic states like neuroses, 

psychogenic depression, hysteria and paranoia (Kraepelin 1983, Haugsgjerd 

1971:245-7). But such binary discrimination may involve subtle mental functions as 

illustrated in the following example. A recent study suggests that a genomic type of 

psychosis is due to impaired perception of a change of facially expressed emotion 

rather than an impaired recognition of the of the expressed emotion type (Favre 2019).  

 

The superior longitudinal fasciculus (SLF) connects the occipital lobe and inferior and 

superior parietal brain regions with the frontal lobes. SLF is also called the dorsal 

visual pathway. This pathway processes current information about objects and their 

locations and mediates the visual control of skilled actions. Disorders of this pathway 

leaves deficits in the processing of spatial location such as spatial awareness and 

reaching movements (Migliaccio 2012). 

 

Healthy brains discriminate their own thoughts from other persons’ verbally 

expressions, and do not have real sensory experiences without appropriate sensory 

inputs. Healthy sensory inputs are typed differently from healthy thoughts and healthy 

phantasies. The hallmarks of psychosis are auditory-, visual- and other sensory 

hallucinations, and distorted thinking. In hallucination, psychotic patients experience 

commanding thoughts and sensory phantasies as external. Disordered external-

internal typing is sufficient to explain the psychotic confusion between external and 

internal appearances. 
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Aphasia partitions on semantic (Brown 1977:33, Hoffman 2017, Gossman 2017) and 

syntactic (Brown 1977:49) aphasia. The latter is also known as agrammatism. 

Persistent deficits in arithmetic are the key feature of dyscalculia that involves the  

intraparietal sulcus, but other parts of the mental network are also involved (Peters 

2018). 

 
Several studies suggest that amygdala plays a significant role in depression. 

Depressed adolescents show elevated amygdala activity to negative and reduced 

amygdala activity to positive emotional stimuli (Redlich 2018). Adults traumatized as 

children have reduced hippocampal volume. Also, in major depression, white matter 

fiber tracts between the orbitofrontal cortex and the amygdala are disrupted and the 

former fails to inhibit the activity of the amygdala (Zheng 2018, Cho 2018).  

 

Activation in areas associated with empathy processing (empathy network) suggest 

that empathy has a biological foundation (Lassalle 2018). Some persons seem to lack 

empathy. A lack of empathy and the presence of predatory tendencies are considered 

key features of psychopathic meanness such as terrorist and sadist actions.  

 

Cross sensory-motor-autonomous-emotional experiences are learned and expressed 

in metaphors describing e.g. pain, fear, remorse and art. Anxiety and bulimia are cross 

modal and may be considered as disorders of emergent functions. Anhedonia is the 

loss of feeling pleasure in response to food, sex, exercise, and social activities.  

 

Neurons from patients with Rett syndrome have fewer synapses, reduced spine 

density, and smaller soma size than healthy controls (Marchetto 2010). 

 

Some combined motor-mental disorders are currently understood as disorders of 

neurotransmitter turnover. The paradigm examples are disturbed dopamine and 

acetylcholine turnover in Parkinson’s and Alzheimer’s diseases, respectively. 

 

Hypoconnection syndromes are disorders of axon functions. Communication between 

cerebral regions is diminished. Demyelization disorders, such as multiple sclerosis, 

are marked by loss of oligodendrocytes and diminished axon function, induce 

hypoconnection syndromes. Sufficiently large strokes also induce distinct, large-scale 

structural reorganization in domain-specific network connections (Umarova 2017). 



                                                                                                         

39 

 

Axonal disconnection was controversial until the work of Geschwind (Geschwind 

1974), but the effects of lobotomy on spontaneity and drive were well-known before 

his major work.  
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Hyperfunction 

Anxiety, pain, euphoria and mania are elevated emotional states that often display 

increased motor activity. Therefore, they are grouped as mental hyperfunctions. 

 

The amygdala is involved in pain and mood disorders (Simons 2014, Morris 1996, 

Kraehenmann 2014). Panic and anxiety often have a social etiology and localized 

disorders. Pathogenetic mechanisms such as metabolic acidosis and associated pH-

chemosensory mechanisms are contributing factors in panic disorder (Vollmer 2015). 

CM reflects the neurobiology of panic disorders. 

 

Posttraumatic stress disorder (PTSD) is per definition caused by traumatic 

environmental events. Spontaneous neural activity in the left inferior parietal lobe is 

positively correlated with posttraumatic stress disorder (PTSD) symptom severity 

(Disner 2018). This suggests that local cortical function is also involved. 

 

Among mental athletes (MAs) are superior memorizers, lighting calculators and 

savants (Gardner 1982, Gardner 1982, Ornstein 1986). But most publications are 

casuistic and speculative (Sutherland 1984). There is a caveat here. Most well-known 

MAs such as Mozart and Picasso had fathers with the same profession and practiced 

selectively and hard on their trade from the age of about three years, doing little 

outside their domain (Boradringham 1997). Feynman’s upbringing was similar (Gleick 

1992). MAs achievements could be the result of extensive deliberate practice rather 

than a feature of his or her exceptional mind (Rieznik 2017). GM  takes both 

alternative explanations into account. 

Dysfunction 

Dissociation is a deficit in the integration of different systems of ideas and functions 

that constitute personality (Reddy 2018). This disorder leads to the inability to 

integrate experiences and develop awareness of their reality, acceptance, and 

creative adaptation. 

Neofunction 

Small children lack the experience necessary to discriminate phantasies and fiction 

from reality. Belief in Self as an incarnation of queen Victoria or Jesus, may reflect 

lacking reality orientation, as seen in psychosis. But one should not overlook the 

inflated selves of Napoleon, Stalin, Hitler, and others. 
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The humanistic mind 

The arts and humanistic sciences have a mental reference but are not rooted in actual 

true predictions. This opens for beliefs based on the patient’s life history including past 

experience of joy and sadness, wins and losses, friends and enemies, and so forth. 

Unconscious decisions are not always adjusted by conscious contemplation. Religion, 

arts and political and philosophical systems, and other phantasies that should not be 

confused with observation and prediction. But these experiences form patients’ 

memories and are the basis for their behavior and symbols. Therefore, affects and 

behavior are based on a mix of knowledge and beliefs.  

Connective tissue 

Disorders of connective tissue usually distort the tissue structure and lead to atrophy 

of  host parenchyma. 

Hypofunction 

In fibroblast hypofunction the tensile strength of ligaments and joint capsules is 

diminished. Weakly connected joints inhibit or destabilize motion and predispose to 

ligament rupture. Joint luxation is a total separation of the joint’s articular surfaces. A 

subluxation is a partial separation.  

 

Fibroblast hypofunction can make the eye lens wobble. Aorta may form aneurysms 

and capillaries develop micro-aneurysms. Large and small vessels may rupture and 

bleed. Elastic fibers are lost in lung atrophy (emphysema). Elastin depletion reduces 

the expiratory force. 

Fibroblast hyperplasia and -hyperfunction 

Fibrosis may be localized to one body part, but also occurs in multi-organ connective 

tissue diseases such as systemic sclerosis. Local fibrosis appears as pulmonary 

fibrosis, myocardial fibrosis, liver cirrhosis, scleroderma, Riedel’s goiter, keloid, etc. 

Fibrotic areas in atherosclerosis, scleroderma, esophagus sclerosis and sclerosing 

cholangitis are calcified. Myxedema is caused by the accumulation of 

glycosaminoglycans, which is usually localized behind the eyes and/or in frontal parts 

of the legs.  

Adipocyte atrophy and hypertrophy/hyperplasia 

Loss of fat cells with wasting (cachexia) and obesity. 
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Slit and cavity disorders 

All the following morphological and functional abnormalities can be combined with all 

slits and cavities described in (Bassøe 2018).  

Morphology 

Fillings 

Abnormal fillings of slits are due to increased fluid production or accumulation of 

blood, air, pus, solids (stone) or some tissue, usually tumor or connective tissue. The 

increase in volume is denoted by a proper name or by a prefix to the name of the 

tissue. The accumulation of fluid is signified by the prefix ‘hydro’. Thus, hydrocele 

means the distention of a slit or a cavity with fluid. Distension of the cerebral ventricles 

with cerebrospinal fluid is called hydrocephalus. Accumulation of fluid in the 

pericardial-, pleural- and peritoneal slits are named hydropericardium, hydrothorax 

and ascites, respectively. 

 

The presence of blood is signaled by the prefix ‘hemato’ or ‘hemo’. For example, 

hemothorax (hemothorax), hemopericardium and hemarthrosis mean that the pleural 

slit, pericardial slit and some joint, respectively, contain blood. Air accumulation is 

most commonly seen as pneumothorax, which is due to a perforation of alveoli or 

more rarely bronchi or trachea. 

 

Solid stones start as small precipitates that grow by accretion. They are most common 

in the gallbladder and kidney pelvis, and are called cholecystolithiasis and 

nephrolithiasis, respectively. Malignant tumors may spread locally a slit or cavity or 

metastasize to them from distant body parts. Fibrosis may occur in slits such as the 

pericardial slit (constrictive pericarditis). 

 

Fibrosis shrink cavities. The fibrosis of constrictive pericarditis hinders the relaxation 

of the myocardium and filling the ventricles. 

Vesicles, bulla and pemphigus 

Vesicles, bulla and pemphigus are due to the dissolution cell-cell and cell-connective 

tissue adhesion. Vesicles and bulla are different size accumulations of fluids between 

cells in multilayer epithelia. Pemphigus is an accumulation of fluid between a layer of 

epithelial cells and its basal membrane. Vesicles, bulla and pemphigus are seen in 

the stratified epithelia of the skin, lining of the mouth, pharynx, esophagus, vagina 
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Cysts and pseudocysts 

Cysts form from tube anlages that remain closed. They occur singly as solitary liver 

and kidney cysts, or multiple as collections of small mammary cysts. Liver cysts are 

harmless and come in various sizes. In the kidneys, cysts may also form by closure 

of tubes that spreads throughout most tube elements. Multiple cystic disease often 

give rise to kidney failure by the age of about 50 years. Meningocele presents with a 

sack of fluid present at the gap in the spine. 

 

Benign cysts are lined by a single layered epithelium and contain fluid. Myelocele is 

a congenital protrusion of the spinal cord through a defect in the vertebral column. In 

contrast, cysts occurring with cancer such as ovarian cystadenocarcinomas are lined 

by neoplastic epithelium and contain serous fluid or mucin. 

 

Pseudocysts form in connective tissue. They are not lined by an epithelium but contain 

fluids with varying protein concentrations. Abscesses are pseudocysts formed by 

dissolution of tissue, which contain a mixture of fluid, microorganisms, white blood 

cells and possibly gas. 

Stenosis and insufficiency 

Stenosis is an abnormal narrowing of a valve that hinders flow. Aortic valve stenosis 

may hinder myocardial contraction and lead to sudden death. Insufficient valves do 

not close and cannot hinder fluid backflow. Insufficiency of heart valves can lead to 

circulatory arrest. 

Hernia 

Hernia occur when an organ normally contained in a body cavity protrudes through 

the lining of that cavity (Fitzgibbons 2015). The neck of a hernia is the opening of the 

cavity. The sac is formed by the protrusion of the cavity wall through the opening. The 

content is the tissue that protrudes into the sac. The main localizations are inguinal, 

femoral, umbilical, diaphragmatic, hiatus of the esophagus, and through the umbilical 

wall. Hernia also occurs after surgical incisions into cavities. Brain hernia is a 

potentially deadly effect of the brain being squeezed across the cerebellar tentorium. 

Function 

Fillings increase the volume of slits. Disordered functions of slits and cavities are due 

to alterations in their volume, pressure, opening diameter, or a combination of the 

three. The volume of a body part that is surrounded by a slit, decreases in proportion 
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with the increase in the volume of the slit. For example, heart and lung compliance is 

reduced when the volume of pericardial and pleural slits, respectively, is increased. 

Thus, lung and heart hypofunction may be due to hydrothorax and hydropericardium, 

or hemothorax and hemopericardium, respectively. 

 

Pressure increases with increased production of fluid in closed cavities, and also 

when flow out of them is decreased or arrested. Various combinations of these causes 

create high-, normal and low-pressure hydrocephalus, and are also the major causes 

of increased pressure in the middle ear, frontal- and maxillary sinuses, and the eye 

bulb (glaucoma). 

 

Hydrocephalus regularly causes brain atrophy. Fluid in the middle ear hinders the 

motion of the small ear bones and tympanic membrane. Glaucoma can rapidly cause 

blindness. 

 

The pulmonary, aortic and atrioventricular valves secure a unidirectional blood flow 

through the heart. Holes or perforations create leakage and backwards blood flow and 

increases the load on the myocardium, and lead to heart failure. 

 

Fillings expand cavities having a soft wall. This is typical for bursa and tendon sheets, 

but also with the cerebral ventricles. Such fillings inhibit motion related to the affected 

cavity. 

 

The function of swollen cell organelles is also reduced compared to the healthy ones. 

In general, the function of cells with swollen organelles is diminished too. 

Tube disorders 

Tubes appear as macro- and microscopic structures ranging in size from the aorta 

through kidney tubules to microtubules. The heart ventricles and urinary bladder 

sustain flow and function both as tubes and cavities. However, when closed they may 

be treated as cavities. Such body parts display a tubecavity cycle. 

 

All the following morphological and functional abnormalities can be combined with all 

slits and cavities described in (Bassøe 2018).  
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Morphology 

The most common morphologic disorders of tube structure are stenosis, occlusion, 

dilatations, erosion and ulcers. Perforation and fistula, shunting between two tubes, 

and invagination, intussusception and volvulus are seen more rarely.  

Atresia 

Atresia is a congenital condition in which a tube or an orifice is closed or absent. A 

connective tissue streak often replaces the tube. In biliary atresia, the common bile 

duct is lacking. Other examples are esophageal atresia, imperforate anus, and 

intestinal atresia. Atresia may also be located to the nasal passage, the ear canal, 

ovarian follicles, pulmonary valves or the tricuspid valves of the heart, the ureter and 

the vagina.  

Stenosis 

A stenosis is also an abnormal narrowing of a tube’s diameter. There is usually a 

prestenotic distension and post stenotic collapse of the tube. Stenosis is caused by 

smooth muscle spasm, mucus hypersecretion, tumors, and fibrosis and sclerosis 

strangulating scars, as well as edema, inflammation and IRs. Increased secretory 

activity in bronchial mucin-producing glands also causes bronchial obstruction. Tube 

stenosis may be acquired or appear  at birth. 

 

Arterial stenosis that restricts the blood supply to tissues leads to hypoxia and is called 

ischemia. Ischemic tissues secrete vascular endothelial growth factor (VEGF) and 

induces angiogenesis. 

Occlusion 

Arterial and venous occlusions are usually caused by acute blood clotting 

(thrombosis) but may also be caused by various intravascular tumors (Wu 2019). At 

the sites of endothelial disorders or turbulence in the cardiovascular system there is 

an increased tendency for blood clotting (thrombosis). Arterial occlusions lead to an 

acute type of necrosis called infarction, whereas venous and lymphatic occlusions set 

up edema.  

 

When bronchi are occluded the air in the alveoli is absorbed and the part of the lung 

that is supplied by the bronchi collapses (atelectasis). Stone-like precipitates (lithiasis) 

in the lumen of the bile-, salivary- and pancreatic ducts, and the ureter, immediately 

arrest flow and rapidly increase the tubes’ pressure and volume. Increased volume of 
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the renal pelvis is associated with renal atrophy and diminished kidney function. 

Finally, fibrosis is and tumors are common causes of stenosis and occlusions. 

Dilatation 

A telangiectasia is a small, dilated blood vessel (arteriole, venule, or capillary) that is 

apparent near the surface of skin or mucous membranes. They may occur locally to 

one or more body parts or be generalized. Telangiectasias are prone to bleeding. 

Aneurysms and bronchiectasis are dilatations of arteries and bronchi, respectively. 

The most common arterial dilatations are aorta aneurysms, which may rupture and 

cause life-threatening bleeding. Strangulation of the small intestine and colon may 

cause severe, painful dilatations. Disorders of tube wall muscle sometimes give rise 

to chronic dilatation of parts of the esophagus (megaesophagus) and colon 

(Hirshprung’s disease).  

Erosion or ulcer 

Necrosis of surface epithelia lead to erosion or ulcer. The former is limited to the 

epithelial layer, whereas the latter involves subcutis of the skin and submucosa in the 

gastrointestinal tract. 

Perforation and fistula 

Necrosis through the tube wall tend to give off tube contents to its environment. Acute 

perforation of the stomach pours out acid and enzymes to the peritoneal cavity and 

causes profound acute irritation. Arterial perforations regularly cause acute, life-

threatening bleeding. 

Capillary leaks 

Dehydration and edema are decreased and increased amounts of Extracellular Fluid 

(ECF). Capillary endothelial disorders cause local or generalized edema and bleeding 

of size<1mm in diameter (petechia). Edema diminishes the function of the 

parenchyma in which they are localized. 

 

Endothelial dysfunction may lead to vascular leaks, which may occur as a result of 

inflammatory mediators. Cytokines such as tumor necrosis factor-α (Horvath 1988), 

lipid mediators such as platelet activating factor (PAF) and leukotrienes, vascular 

endothelial growth factor, interleukin-1β and angiopoietin-2 are likely to be 

contributing factors (Malavige 2017).  

PAF could quickly induce endothelial cells to contract and become rounded. 

Intercellular junctions disappear and permeability increases. The morphology and 
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barrier of endothelial cells return to normal after removal of PAF (Wang 2016). 

Thrombin induces fissures between cells and increases the permeability between 

them, which returns to normal after thrombin removal. 5-HT increases albumin 

permeability by acting on endothelial cell receptors. 5-HT antagonists block the effect. 

TNF also increases endothelial permeability. 

 

Vascular endothelial cells are one layer of flat cells, covered on the inner surface of 

blood vessels. Vascular endothelial cells take part in many functional regulations, 

such as vasomotor, vascular endothelial permeability barrier, anti-coagulation, body 

metabolism and immunoregulation, etc. Among them, the barrier function is the main 

function. They constitute the interface between blood and tissue and regulate the 

exchange between blood and tissue fluid. It is important to maintain normal 

cardiovascular function. 

 

Endothelin (ET) and nitric oxide (NO) respectively contract and expand blood vessels 

and can increase vascular permeability. Contraction of endothelial cells enlarges their 

intercellular space and increases the vascular permeability. 

 

The blood brain barrier is the structure that can selectively allow some substance to 

pass through the blood and brain, and its permeability is closely related with the 

degeneration, injury and inflammation of the central nervous system (Wang 2016). 

Shunts 

A shunt is an open communication between two tube systems. An arteriovenous shunt 

is a direct communication between arteries and veins. The abnormal vessels switch 

out the normal capillary bed. .  Arterio-venous shunts pass blood from the high-

pressure artery to the low-pressure vein. An elevated venous pressure may lead to 

edema. Arteriovenous shunts in the dura of the spinal cord or the spinal cord itself 

may lead to sensory-motor disturbances. These may be sacs, small collections of 

intervening vessels  or direct high-flow connection between the arterial and venous 

side (AVFs).  

 

Atria and ventricular septum defects are usually developmental disorders. Blood 

pressure is higher in the left heart chambers than the right. Open passages between 

the left- and right atria and heart ventricles usually lead to net blood flow from the left 

to the right side. 
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Intussusception and volvulus 

In intussusception a part of the intestine folds into the section next to it. The condition 

occurs in the small and large bowels. Volvulus occurs when a loop of intestine twists 

around itself and the supporting mesentery. Both conditions lead to acute stenosis 

and occlusion. 

Function 

Corresponding morphological disorders in different tubes create equivalent 

disordered tube functions. Thus, stenosis increases both the resistance to flow and 

decreases the flow rate through all tube systems. The output from its distal end is 

reduced. However, the flow rate is increased at the site of the stenosis, and turbulence 

regularly occurs immediately distal to it. Turbulence decreases the flow rate through 

the tube. Occlusion arrests flow and transport. Tube contents pile up proximal to the 

occlusion, and the distal output stops. 

 

Conversely, increased muscle pump activity increases flow and creates hypertension. 

But this is not always the case. Spasm in tube muscles may increase resistance and 

diminish flow and hypertension as in the case of asthma and arteriolar contraction. 

Hypotension 

Diminished pump- and peristaltic function diminish flow and cause hypotension. 

Hypotension is also caused by distention of a tube wall, diminished resistance to flow 

or a diminished fluid volume for example due to a leak in the tube wall.  Consequently, 

the flow rate is reduced. All these mechanisms can cause arterial hypotension. 

 

Hypertension 

Hypertension is caused by contraction of a tube wall, increased resistance to flow or 

an increased fluid volume within the tube. Spasm in tube wall muscles also increase 

the tube’s internal pressure. 

Maldigestion 

Maldigestion is due to lack of enzymes in the tubes of the digestive tract. The main 

cause is hypofunction of exocrine glands. However, the enzyme pepsin, which digests 

proteins, is activated at low pH. Lack of acid production can lead to diminished 

proteolysis.  Fat digestion is diminished when insufficient amounts of bile acids pass 

from the liver to the duodenum. Lack of intrinsic factor leads to B12 deficiency. 

Undigested macromolecules make food for intestinal bacteria. 
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Malabsorption 

Malabsorption means hypofunction of the small intestinal epithelial parenchyma. The 

absorption of amino acids, purines and pyrimidines, and sugars is impaired. 

Undigested metabolites make food for intestinal bacteria. 

Relations between morphology and function 

Morphology and function are closely interrelated. Atrophy, aplasia and hypoplasia of 

a parenchyma reduce all the parenchyma’s functions. For example, myocardial 

damage and atrophy reduce heart function and may lead to heart failure. But 

myocardial hypertrophy can also lead to stenosis in the outflow path of left main heart 

chamber and to cardiac failure. Cell dystrophy invariably leads to hypofunction of the 

affected cell line. For example, many types of muscle dystrophy lead to early death 

through respiratory- and/or heart failure. 

 

Hyperplasia and secretory adenomas increase parenchyma functions. Non-secretory 

benign tumors rarely have system effects. Malignant tumors destroy local 

parenchyma and diminish parenchyma functions. Likewise, metastases destroy the 

tissues that they invade. Finally, tumors are a common cause of stenosis, occlusion 

and diminished compliance of slits and cavities. 

Disorder summary and terminology 

The number of disorders of the general organ are limited. There are systematic 

differences in morphology and function between parenchyma, tubes and slits|cavities. 

Disorders of corresponding parts of the general organ in different organs are similar. 

These differences and similarities aid teaching, understanding and clinical decision-

making. 

 

Many complex disorders in one organ are due to a combination of disorders in two or 

more body parts. Liver disorders may consist of hepatocellular hypofunction and 

hepatic canaliculi stenosis and gall bladder distention. A composite heart disorder is 

myocardial hypocontraction and atrial fibrillation. Composite disorders in a body part 

are named by using “and” statements. 
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Syndromes are composite disorders with unknown etiology. The concept disease 

requires the detection of at least one etiological agent and the disorder caused by it. 

 

Epidemiology 

Before etiological agents cause harm, they are only risk factors in the environment. 

The ability of an agent to cause harm depends on the agent’s presence in the 

environment of healthy persons. Epidemiology covers transmission of agents in the 

environment as well as the dynamic interaction between agents and individuals 

(Rothman 1986). Time and space crucially determine the rate of exposure to 

etiological agents. There are both diurnal and seasonal variations in the concentration 

of microorganisms and allergens. The geography of the environment affects water 

supply and its contamination and nutrition. The workplace may expose workers to 

chemicals and radioactive agents. 

 

Incidence and prevalence give supplementary quantitative information on the local 

and global concentrations of agents. Endemic agents are prevalent in a particular 

environment at a particular time. Epidemic distribution is a widespread spread of 

harmful agents in a community during a period of time. Pandemic means the active 

presence of a harmful agent in a whole country or the world. 

 

Infectious particles may spread from infected patients to the environment (Schwab 

2015). Organisms harboring diseases such as influenza and HIV viruses move and 

spread disease by establishing new contacts between environmental agents and local 

hosts. Table 1 works two ways. First it lists the major groups of etiological agents. 

Second, when turning the path of influence in the opposite direction it summarizes the 

effects of disorders on the environment. Typical outputs from the system are 

hereditary disorders transferred to the offspring, chemicals (tobacco smoke), noise, 

and abuse of electrical and mechanical devices, spread microorganisms and problem 

behavior. Agents translocate into other persons causing molecular and infectious 

epidemics, and trauma. Occupational medicine, hygiene and epidemiology are 

concerned with detecting and eliminating disease carrying objects, and breaking 

chains transmitting disease. 
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Table 1. Main etiological categories and their relations to primary affected body parts. 

Etiology category Relation 

 

Affected body part 

Heredity heredity Genes (DNA) 
Mechanical trauma Macroscopic body parts  
Microorganisms  infestation and 

virulence 
Tissues and cells 

Allergens exposure Tissues and cells 
Chemicals 
 

malnutrition 
exposure 

Molecules, atoms 

Thermal exposure Molecules, atoms 
Radiation exposure Molecules, atoms, subatomic 

particles  
Social communication Central Nervous System 
Essential unknown Any 

 
In physiological situations defined paths between objects make out the environment 

that transmit nutrients. Likewise, in clinical settings noxious agents are transmitted 

along similar environmental paths. For example, in a local community different paths 

transmit vitamins and viruses before they serve their role as nutrient and infectious 

organisms, respectively. Accordingly, the nutritional and supportive part of the 

environment differs from the part of the environment causing disease, although the 

two parts often overlap in space-time. 

Carriers and vectors 

Agent carriers have a source and a target. The carrier source may be a well 

contaminated with Salmonella typhi and the target is the patient. Take malaria as a 

prototype infectious disease. The etiology is a parasitic protozoan. The plasmodia are 

carried by anopheles’ mosquitoes, which serve as their carrier. The mosquitoes are 

at a defined geographical localization surrounding healthy persons and patients. That 

fact is stated by the ordered triple localization, carrier, agent=localization, 

Anopheles mosquito, plasmodium malaria (Table 2). 
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Table 2. Carriers of etiological agents and localization of carriers. 

Etiology 
classes 

Carrier Localization 

Heredity (gene) Cell nuclei, mitochondria Ancestors 
Physical bodies Space Environment 
Microorganisms Contaminated air, water, 

foods, blood, other 
species, mosquitoes, 
direct transfer 

Geographic infection 
source is a contaminated 
site,  

Allergen Air, water, foods, blood, 
direct transfer 

Season and geography, 
workplace, contact with 
animals, pollen 

Chemicals, 
nutrients, toxins 

Air, water, drinks, foods, 
drugs, syringes 

Same as carrier, drug 
addict contacts/setting, 
profit 

Thermal Gases, fluids and solids Hot and cold, spots and 
places 

Radiation: Alpha, 
beta and gamma 
rays, photon 

Space Reactors, atom bombs, 
radiology, laboratories, 
light 

Sound Air Sound source 
Data Person Social network 

 
Agents and carriers have different roles. For example, carriers of microorganisms play 

an import role in the transmission of infectious agents, but the agents differ from their 

carriers: malaria can be caused by Plasmodium falciparum, Plasmodium vivax or 

Plasmodium ovale although carried by the same mosquito species. 

 

Other contagion carriers are polluted air, drops of water in air, rivers and still waters. 

Some agents enter the body through fecal-oral and parenteral routes. Narcotics are 

spread by personal distribution. 

Contact 

Skin lacerations are caused by mechanical penetration of the skin. Deeper wounds 

require forceful impact. However, deep penetration of knifes and similar agents 

require little force. Impetigo caused by Staphylococcus aureus or Streptococcus 

pyogenes requires dermal contact. Rotavirus often spread by direct contact with 

infected children. Nickel and formalin are prototype contact allergens. The human 

immunodeficiency virus (HIV), syphilis bacteria, gonococci and chlamydia are 

transmitted during sexual contact. They may cause local and/or ascending urinary 

tract infections. 
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Airborne 

Airborne microorganisms mainly affect the conjunctiva, respiratory tract and skin. 

Viruses such as adenoviruses, influenza viruses, rubella and rubeola are spread 

through the air by droplets of moisture when people cough or sneeze. M. tuberculosis 

and many other bacteria are spread likewise. Pollen, skin particles from pets and other 

animals spread to allergic patients via air.  

 

The concentration of many agents in the environment shows spatial and/or seasonal 

variations. Reactions to perfumes are most common in closed environments. 

Adenovirus and influenza virus infections are most common in December to February. 

Pollen concentrations are highest in the air during springtime.  

 

X-rays penetrate the body and can cause radiation disease in any tissue. Radon 

mostly enters a building directly from the soil. High levels of radon in the water supply 

can also increase indoor radon air levels. UV radiation is transmitted from the sun and 

solarium to the skin. Nuclear tests and nuclear fuel reprocessing can release nuclear 

waste containing radioactive iodine that is taken up by the thyroid gland. 

Oral - enteral 

Nutrients reach humans through food chain. Contaminated drinks and food may 

cause gastro-intestinal infectious diseases. Allergens such as gluten get access to 

the small intestine. Lactose in milk also gets access to the small intestine and creates 

digestive disorder in patients with lactase deficiency that diminishes the capability to 

digest lactose. Radioactive iodine may also be transmitted through the food chain. 

Parenteral 

Infectious agents from infected bodily fluids can be spread by injections of blood 

(blood transfusion) and blood products. Transfusion of red blood cells and platelets 

can cause serious allergic reactions. Hepatitis viruses are spread by this way. Drug 

infusions may cause severe chemical-toxic reactions. Polluted wounds may contain 

any type of bacteria from the actual environment – even causing gas gangrene. 

Bacteria may also spread to the lymph vessels and capillaries. Tetanus generally 

requires (deep) penetration of the skin by animal bite. Drugs such as curare are 

delivered with hits with arrowheads smeared with the toxin. 
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Fecal–oral 

Infectious agents from the intestine are shed during defecation and may attach to 

hands. Without hygienic precautions the agents can pass via water, foods or drinks 

to other individuals. Cholera, salmonella, shigella species and many other bacteria 

are transmitted this way. Hepatitis A virus, Norwalk virus, rotavirus and enteroviruses 

also enter the intestine by this route. In addition, some virulent protozoans 

(Entamoeba, giardia, cryptosporidium, toxoplasma) and Helminths (Tape worms, 

Ascariasis) take the same path. 

Vectors 

Dengue viruses and malaria species are spread by bites of blood-sucking mosquitos. 

Ticks are also effective disease vectors for a large number of different microbes 

including Borrelia species (Halse 2017). Snakes carry poisonous venom. These three 

vectors are living.  

 

The above study strongly suggests that taking the epidemiology into account requires 

that for all agents both the carriers and the environmental localization have to be 

considered. Accordingly, the triple Harmful environmental agent, Carrier, 

Localization seems a suitable representation for an etiological agent in a carrier in a 

geographically localized environment. 

Communication 

Social problems are spread through communication between individuals that are 

members of groups and institutions making out the social environment. All of us are 

influenced by numerous mental→social→mental chains. We incessantly play the shift 

role as sender and receiver of the message sent through the social sphere. 

 

The expression of somatic disorders involves the chain 

somato→psycho→social→mental where the last mental usually refers to relatives, 

friends or health workers. The content of these chains may be quite complex. For 

example, identifying autism spectrum disorders and social-cognitive deficits are 

important aspects of epilepsy (Tuchman 2015). The latter disorders involve the chain 

somato→psycho→social→mental, which may start as a genetic neurodevelopmental 

disorder (Prime 2015, Piven 1990) and from there on affect social processes. 
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In addition to natural communication channels there are “unnatural” routes designed 

to create fear, disorder and death. Biological and radioactive used in cover-up attacks. 

Poisons are delivered on various scales for the killing of individuals or entire 

populations. Nerve agents are thought to be mostly designed and produced in 

advanced laboratories in stately controlled secret sites. But sarin was used by 

terrorists in the Tokyo subway attack in 1995, demonstrating the possibility of a more 

widely distributed development. 

 

Virulence 

Transmission of an agent to a person and subsequent colonization is a necessary, 

but not a sufficient cause of disorder. Virulence designates both the ability of an 

etiological agent (bacteria) to translocate into the organism and create disorder (Fig. 

1). 

Translocation 

Many agents translocate into an organism. For example, Staphylococcus aureus 

often enter through damaged skin or intravascular catheter. HIV viruses enter through 

the rectal mucosa. Drugs are swallowed, inhaled or injected. Radiation passes into 

and/or through tissues, and thermal influences affect body surfaces. Social strains 

enter the brain through the sensory organs. These organisms may or may not create 

disorder. 

Damage 

Harmful effects of external agents manifest themselves as disorder. Virulent agents 

cause disorder. The degree of virulence of an agent is a function of the extent of 

disorder(s) caused by each agent and the amount of agents. Salmonella typhi are 

highly virulent. Ethanol and marihuana seem to be of low virulence. Vitamin C is 

harmless. By definition, etiological agents are virulent. 

 

Hereditary disorders can cause severe morphological and function disorders. 

Microorganisms execute their harmful effect by proliferation, invasion of tissues and 

cells, and some release exo- and endotoxins. Only a few Salmonella typhi are 

necessary to cause a devastating intestinal disorder, whereas most species of E. coli1 

do not. Thousands of viruses may be required to cause a mild diarrhea. High and low 

daily doses of vitamin D regularly cause disorder, whereas doses in between do not. 

 

1 E. coli is the abbreviation of Escherichia coli 
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Acids and bases cause necrosis depending on their pH and volume. Other chemicals 

block or facilitate metabolic pathways. The effects of radiation depend on the 

production of radicals with cells and their interaction with cell structures and influence 

on metabolic pathways. Allergens activate immune mechanisms and can cause lysis, 

necrosis, atrophy and stenosis. Social problems by themselves rarely cause 

morphological disorders. The same social strain has no effect on many persons but 

causes mental disorders in others. Subsequent reactions from the nervous system 

caused by the social strain may or may not cause disorder in other body parts. 

 

Etiology 

Disorders are either inherited or acquired. Inherited diseases must be traced to one or 

both parents. Acquired disorders begin after the conception. After the conception, 

environmental factors can distort the genome. Likewise, external agents cause infections 

and allergies and social strain may cause exogenous depression. Many mental diseases 

are hereditary, but others are caused by mechanical damage, microorganisms, 

malnutrition, chemicals, and harmful social acts. The agents pass to the brain by various 

routes and harm the same brain structures and create similar mental disorders. The 

etiology encompasses all environmental agents that can cause disorder (Table 1). 

Accordingly, etiological agents are external to the individual in space-time. This general 

empirical pattern is observed in classical textbooks of pathology and internal medicine 

(Table 3). 
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Table 3. Corresponding levels between the environment and system. A-D: The 
chapter numbers dealing with each agent group in four textbooks. A=Anderson 1977, 
B=Robbins 1967, C=Souhami 1990, D=Wilson 1991.  

Etiology Virulence Primary affected 
body part 

A B C D 

Genome heredity Genome 3 6 6 5-7 
Mechanical trauma Macroscopic body 

parts  
6 12 5 * 

Microorganisms  
 
Allergens 
Autoantigens 

exposure 
 

exposure 
heredity 

Tissues, cells, cell 
organelles 

9-14 
 

15 
15 

9 
 

8 
8 

12 

 

7 

7 

78-83 

103-72 

13-14 

13-14 
Nutrients 
Toxic chemicals 
 
Thermal 
Radiation 

malnutrition 
exposure 

 
exposure 
exposure 

Molecules, atoms 16 
7 
 
 

8 

11 
12 
12 
 

12 

8 

4 

5 

 

5 

70-77 

66 

370-76 

377 

379-80 
Social  communication Central Nervous 

System (CNS) 
  11 368 

Essential unknown Any     
*Trauma appear 35 times in the index.  

 

Etiological agents that cause disorder need to be identified in the primary disordered 

body part. It must also be equivalent to the external agents, which causes that same 

disease. This is a necessary ontological requirement. In addition, the same agent shall 

be known to cause a specific disorder in other humans or relevant animal models. 

That is a necessary epistemic requirement. Since the etiology is the collection of all 

harmful environmental agents, Koch’s principle (Lipkin 2008) generalizes to all 

etiological agents. 

 

Various etiological agents may cause similar disorders. For example, developmental 

disorders have genetic (Ishida 2017), microbial (toxoplasma, sicca virus), mechanical 

and chemical (thalidomide, folic acid) causes and may be caused by radiation 

damage. 

 

The hierarchy of the environment parallels that of the body (Table 1). Such a 

juxtaposition is not found in earlier biopsychosocial models (Engel 1977, Engel 1980, 

Alonso 2004). Other investigators see the etiology as a blend of disorders, 

environmental agents and cancer (Clancey 1984, Shortliffe 1985). However, 

disorders and cancer are due to many different etiological agents and manifests 
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themselves after the conception. Therefore, disorders and cancer are obviously 

misplaced in the etiology. 

Hereditary disease 

Inherited disorders can be hetero- or homozygous. In homozygous disorders both 

parents carry the same mutation over to the offspring. Heterozygous disorders are 

inherited from one of the parents. In both cases the mutation is present before the 

conception and can be traced to one or both parents. Huntington’s disease is an 

autosomal dominant disorder of the HTT gene that occurs in 50% of the offspring. 

The damage leads to atrophy and hypofunction of a part of the brain called the 

striatum In contrast, the development of PKU is a recessive disease that requires 

inactivating mutations in both PAH genes. The damage is caused by disordered 

metabolism of the amino acid phenylalanine. 

 

In most cases, hereditary disorders can be traced back through several generations. 

For example, the Factor V Leyden mutation giving rise to Acquired Protein C (APC) 

resistance (Dahlback 1993, Cox 1996) may be traced to an ancestor in Mediterranean 

Region about 10.000 years ago (Jadaon 2011). However, a genetic disorder may start 

as an ovum or sperm is generated during meiosis. A part of a chromosome may be 

lost or gained from another chromosome, and whole chromosomes may be gained or 

lost. If that is the case that parent is the founder of the genetic disorder in that family. 

Otherwise, the disorder starts with the actual host. 

 

Autoimmunity might be viewed as an independent etiology category. That view is 

justified by taking autoantigens as etiological agents. However, autoantigens are 

genetically determined and can be altered by hereditary and somatic mechanisms. 

Therefore, autoimmune disorders were considered to belong with disorders of the 

genome above. Hereditary autoimmunity is recognized when the etiology of the 

disorder has been traced back to the ancestors. The tissue damage is caused by the 

immune reaction (see below). 

 

Atopy means a congenital propensity to allergy. Over 80% of the cases of atopic 

eczema can be explained by genetics (Wollenberg 2015). If one in the family has 

atopic disease, the risk of eczema increases. Low levels of filaggrin cause altered 

form and hydration of the cells in the outer layer of skin. Mutation in the gene FLG 

encoding filaggrin A is a strong genetic risk factor, but it is neither necessary nor 
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sufficient, to develop the disease (Irvine 2011). FLG mutations also predispose for 

conjunctivitis, rhinitis and asthma. The tissue damage is caused by the immune 

reaction (see below). 

 

Hereditary hemorrhagic telangiectasia is an autosomal dominant trait with varying 

penetrance and expression (Gossage 2018). Multiple genes can cause the disorder. 

There are three major mutated genes. ENG with the protein product endoglin. 

ACVRL1 with the protein product activin receptor-like kinase 1 (ALK-1), and a juvenile 

variant associated with polyposis that stems from mutations in SMAD4. The tissue 

damage is due to capillary bleeding. 

 

Autosomal dominant polycystic kidney disease (ADPKD) is a common genetic 

disease that can lead to kidney failure. Mutations in the proteins polycystin-1 and 

polycystin-2 (PC1 and PC2, also known as PKD1 and PKD2) are linked to the 

disease, but the causal relation to cyst formation is unknown (Su 2018). The tissue 

damage is due to cyst formation and atrophy of the surrounding parenchyma. 

 

Amyotrophic lateral sclerosis (ALS) is model for possible hereditary disease (Vajda 

2017). Dystonia is often inherited as an autosomal-dominant trait with incomplete 

penetrance. Individuals with dystonia, whether inherited or sporadic, exhibit striking 

phenotypic variability, with marked differences in the somatic distribution and severity 

of clinical manifestations (Vo 2015). The damage is caused by disordered metabolism 

of the amino acid phenylalanine. 

 

Mutational processes underlie initiation and progression in many cancers. Hereditary 

mutations are responsible for various dysplasia and neoplasia. For example, 

mutations in BRCA1 or BRCA2 are common in breast cancer and ovarian cancers, 

but other mutations are also found in these neoplasms (Cancer Genome Atlas 2011). 

For example, deletion of the cancer predisposition gene NTHL1 reveals a mutational 

footprint observed in breast cancer (Drost 2017). The tissue damage is due to tumor 

growth, release of substances from tumor cells and metastasis. 

Mechanical 

Physical trauma often starts with direct mechanical injuries caused by cars, axes, 

knifes or other hard objects to any part of the body. Mechanical injuries can strike any 
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tissue and cell type. For example, the connectivity of the brain may be damaged in 

(severe) skull trauma (Churchill 2018). 

 

A parenchyma may be injured without structural deformities (concussion) and 

transient loss of function. Crushing leads to capillary leaks and bleeding (contusion). 

Contusion may result in necrosis, and regeneration with recovery of function or 

scarring with permanent loss of function. Brain concussion is observed by temporary 

unconsciousness caused by a blow to the head. Contusion of the brain also leads to 

loss of consciousness, but the damaged brain area usually does not recover its 

previous functions. For example, the memory of the incident may be lost (amnesia), 

and memoires of previous and later events, which are called retrograde and 

antegrade amnesia, respectively. 

 

Torsion, shear, compression and tension may strain a body part without deformation 

or only reversible alteration in tissue structure. Strain is accompanied by pain. 

Increasing the stress load above the yield point for a particular tissue (tendon, bone, 

etc.) lead to fissures or fractures. 

 

Skin wounds manifest as cuts, lacerations, abrasions, contusion or just as unspecific 

lesions following mechanical trauma. 

 

Bunt trauma to the abdomen may lead to rupture parenchyma with a loose structure 

and thin capsule such as the spleen, liver, and kidney. A major complication to trauma 

is the perforation of tubes and slits/cavities, in particular blood vessels and intestine. 

The contents are released to the surrounding tissue. Lung puncture may lead to 

pneumothorax and respiration arrest. 

Microorganisms 

Collectively viruses, bacteria, parasites and fungi cause disorders in all tissues and 

cells. The suffix -itis designates infections, allergies, inflammation and/or immune 

reactions. Viral and bacterial meningitis means infectious disease of the meninges 

caused by viruses and bacteria, respectively.  

Viruses  

Viruses reproduce inside the cells and rapidly produce thousands of copies and cause 

cellular disorders. Over 5,000 species of viruses have been discovered. Clearly, it is 

impossible to cover all types here. So, herpesviruses are taken as example. Eight 



                                                                                                         

61 

 

herpesviruses infect humans (Cohen 2018): herpes simplex viruses (HSV) 1 and 2, 

varicella–zoster virus (VZV), cytomegalovirus (CMV), Epstein–Barr virus (EBV), 

human herpesviruses (HHV) 6 and 7, and Kaposi’s sarcoma-associated herpesvirus 

(KSHV).  

 

Attachment is the binding of the virus to specific receptor molecules on the cell 

surface. Receptor specificity restricts each virus species to a limited type of cells and 

tissues. All herpesviruses infect epithelial cells and are shed from them. Shedding 

occurs when the new viruses lyse cells and liberate well-formed viral particles to 

blood. HSV and VZV damage epidermis and cause blisters. Thus, HSV causes 

orolabial and genital herpes, VZV results in varicella and zoster, 

 

This type of body part damage is caused by lysis. Some viruses cause damage by 

inducing apoptosis. HIV are released by budding and do not destroy the host cell. 

CMV, EBV, and HHV-6 cause mononucleosis, and HHV-6 and HHV-7 cause roseola 

(Cohen 2018) (see also tropism below). 

 

Some virus species interfere with body development (ontogenesis). Congenital 

rubella disease is a prime example. The disease occurs in embryos carried by 

pregnant women contracting rubella in the first trimester. Sensorineural deafness, 

retinopathy, cataract and microphthalmia, heart disorders (pulmonary artery stenosis, 

patent ductus arteriosus), microcephaly and intellectual disability. Zika virus inhibits 

cerebral cortical development. Therefore, Zika virus infection is another cause of 

microcephaly. 

 

Various virus species integrate into the host genome and reside inside cells for 

different periods of time. The phenomenon is called latency. For example, Hepatitis B 

virus and hepatitis C virus can cause lifelong or chronic infections. The viruses 

continue to reproduce and are released from liver cells. Such hosts are known as 

carriers and are reservoirs of the viruses. HSV-1, HSV-2, and VZV establish latency 

in sensory neurons, CMV and HHV-6 in monocytes, and hematopoietic and vascular-

associated stem cells, HHV-7 in T helper cells and EBV and KSHV in B cells (Cohen 

2018, Tan 2006).  

 

Latent viruses can be reactivated and proliferate. All herpesviruses undergo latency 

and reactivation when the virus escapes from its host cell. For example, VZV is 
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released from the terminal end of one-1 sensory nerve and evoke painful blisters in 

the corresponding dermatome. 

 

Several viruses give rise to neoplastic disorders. Human papilloma viruses (HPVs) 

are a group of more than 150 related viruses. Some of them cause warts  (papillomas). 

HPV infections are common, but cancer caused by HPV is not. Human 

papillomaviruses cause of cancer in stratified epithelia (cervical cancer, pharyngeal 

cancer, penis cancer, and some anal and vulva cancers). Hepatitis B and C viruses 

cause hepatocellular carcinoma. Integrated EBV is associated with 

lymphoproliferative disease in immunocompromised persons (see Resistance below) 

and B cell lymphoma and nasopharyngeal cancer, while KSHV is associated with 

Kaposi’s sarcoma and primary effusion lymphoma. Human T-lymphotropic virus-1 

(HTLV-1) has been linked with a type of lymphocytic leukemia and non-Hodgkin 

lymphoma called adult T-cell leukemia/lymphoma (ATL). Merkel cell polyomavirus 

(MCV) seems to cause a rare and aggressive type of skin cancer called Merkel cell 

carcinoma. Some other viruses have uncertain or unproven links to human cancers. 

Bacteria 

Virulentb bacteria cause disease such as tetanus, typhoid fever, diphtheria, syphilis, 

cholera, foodborne illness, leprosy and tuberculosis. Helicobacter pylori causes ulcers 

of the stomach. Some species, such as Pseudomonas aeruginosa and 

Mycobacterium avium cause disease mainly in people suffering from 

immunosuppression or cystic fibrosis. 

 

Neisseria gonorrhea attach to multilayered squamous epithelium of the urethra, penis, 

vagina and anus, whereas Neisseria meningitidis adhere to respiratory epithelia and 

pass through it. Then they spread by blood to other body parts. 

 

Rickettsia, chlamydia and Ehrlichia reproduce only inside host cells. Rickettsia, which 

are obligate intracellular parasites are able to grow and reproduce only within the cells 

of other organisms. One species of Rickettsia causes typhus, while another causes 

Rocky Mountain spotted fever. Chlamydia, another phylum of obligate intracellular 

parasites, contains species that can cause pneumonia or genital tract infection. 

Ehrlichia is recognized to be a rickettsia that proliferates in white blood cells called 

Polymorphonuclear Neutrophilic Granulocytes (PMN). 
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Bacteria have a number of shapes that are determined by the bacterial cell wall and 

cytoskeleton. The spherical, rod-shaped, curved rods or comma-shaped, spiral-

shaped, or tightly coiled are called cocci, bacilli, vibrio, spirilla and spirochetes, 

respectively. Bacterial cells do not contain a nucleus and rarely harbor membrane-

bound organelles. Some species exist as single cells. Neisseria gonorrhea forms pairs 

(diplococci). Streptococci form chains, and Staphylococcus group together in clusters. 

Some species form larger multicellular that display linear filaments and branching 

filaments (hyphae). Together with genetic, biochemical properties and mechanical 

properties related to motion and communication, the morphology forms the basis for 

bacterial classifications. 

 

The Gram stain test quickly classifies bacteria into two broad categories according to 

their cell wall. Gram-positive bacteria (G+) take up the blue crystal violet stain and 

remain blue after a washing procedure. In Gram-negative (G-) crystal violet is washed 

away. G+ and G- bacteria differ in clinical behavior and resistance against antibiotics. 

 

Gram-negative bacteria do not retain the crystal violet stain used in the gram-staining 

method of bacterial differentiation. Their characteristic cell envelope is composed of 

a thin peptidoglycan cell wall sandwiched between an inner cytoplasmic cell 

membrane and a bacterial outer membrane. Among the G- bacteria are Escherichia 

coli, Neisseria gonorrhoeae, Chlamydia trachomatis, Pseudomonas aeruginosa and 

Yersinia pestis. The outer membrane protects them from many antibiotics. 

 

Virulence factors are substances with harmful effects on tissues and cells. Bacteria 

generate virulence factors called toxins that damage tissues and cells. Toxins divide 

into exotoxins or endotoxins. 

 

Both G+ and G- bacteria produce exotoxins. Staphylococcus aureus (G+) and 

Pseudomonas aeruginosa (G-) secrete exotoxins that cause damage by creating 

pores in cell membranes and lyse the cells. Bordetella pertussis toxin interferes with 

intracellular biological signaling (Hasan 2018). Corynebacterium diphtheriae (G+) 

causes the disease diphtheria. The diphtheria exotoxin inhibits mRNA translation in 

the upper respiratory tract, kidneys, nerves, and heart and damages these tissues by 

inhibiting protein synthesis (Mateyak 2013). Toxins from Pseudomonas aeruginosa 

and Vibrio cholera act likewise. Clostridium perfringens (G-) toxin is an enzyme 

complex responsible for gas production and striated muscle necrosis (gas gangrene).  
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The bacterial membrane of G- bacteria holds lipopolysaccharide (LPS) endotoxin. 

Several sensors on macrophages and dendritic cells detect LPS. The reaction of LPS 

with its receptors leads to the assembly of inflammasomes followed by the secretion 

of pro-inflammatory cytokines and inflammatory cell death (Tan 2014, Rosadini 2017). 

LPS also activates the complement cascade that sets off inflammation and elicits an 

immune reaction type 3 (IR3, see below). Such mechanisms often cause a severe 

generalized toxic reaction. 

 

Toxins also create disorder by direct action on host tissues and/or by interfering with 

IRs. Streptococcus pyogenes evades immunity through antigenic variation of the M 

protein, which binds and inhibits complement and inhibits phagocytosis (Ghosh 2018). 

Staphylococcus aureus and Streptococcus pyogenes secrete a myriad of virulence 

factors. Both release superantigens and cause proliferation and expansion of T 

lymphocytes resulting in the massive release of cytokines by both macrophages and 

T cells (Lowy 1998, Spaulding 2013). These cytokines mediate the toxic shock 

syndrome, whose pathophysiology mimics that of endotoxin shock and tissue damage 

(see sepsis below). 

 

Mycobacteria call attention because they create severe disorders and their world-wide 

deadly presence. They are neither truly G+ nor G-. Mycobacterium tuberculosis and 

Mycobacterium leprae cause tuberculosis and leprosy, respectively. M. tuberculosis 

is phagocytosed by macrophages but not killed and can spread to and cause necrosis 

and an IR anywhere in the body (Lie 2018). M. leprae mainly proliferate in skin 

macrophages and sensory nerves. The bacteria and the IR destroy the tissues they 

invade.  

 

A number of other human parasites cause diseases such as malaria (by Plasmodium 

malaria, falciparum and vivax), amoebiasis, giardiasis, toxoplasmosis, 

cryptosporidiosis, trichomoniasis, trypanosomes, leishmaniosis, African 

trypanosomiasis (sleeping sickness), amoebic dysentery, acanthamoeba keratitis, 

and primary amoebic meningoencephalitis. This brief introduction cannot cover all 

parasites. 
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Allergens 

The first exposure to an allergen induces an IR in predisposed persons. The various 

types of IRs are described below. Later exposure triggers an acute or subacute IR 

and causes disorder. Thus, all allergies are induced by environmental allergens and 

cause some IR. The suffix -itis also designates allergies. Pollen bronchitis means an 

allergic disease of the bronchi caused by pollen. Nickel dermatitis means an IR in the 

skin due to contact with nickel. 

 

Large allergens react with body surfaces, but rarely penetrate the surface barrier. 

Pollen, big molecules (proteins, glycoproteins, lipoproteins), dead microorganisms, 

and cells and hair from animals cause allergic reactions. Small allergens (haptens) 

such as nickel and formalin bind to large molecules in the skin. The resulting immune 

complex triggers an IR at the site of binding. Haptens may enter the body interior and 

bind to tissue stationary molecules or circulating molecules. A tissue disorder is 

triggered in the first case. In the second a systematic reaction ensues.  

Chemicals 

Emaciation is a common and gruesome sign of unfair distribution of food and 

resources. Obesity is a molecule epidemic. 

 

Lipid soluble compounds that pass through the skin are rapidly transported away by 

the blood stream. Environmental chemicals attack body surfaces and enter through 

body openings to attack the surfaces of tubes and cavities. The intake of acids and 

bases create necrosis at the site of entry and in the tubes. Some substances pass 

through the surface epithelia and gain access to internal tissues and cells and harm 

them at sites that are distant from their entrance. Gases enter through the lungs and 

harm other tissues and cells through chemical interactions. 

Nutrition 

Vitamins, water, electrolytes and nutrients serve a dual role in health and disease. 

Too much or too little nutrients cause malnutrition. Deficiency diseases are brought 

about by insufficient intake of essential molecules, water, electrolytes and nutrients. 

Insufficient intake of nutrients and insufficient oxygen uptake are accomplished by 

diminished energy production. Lack of proteins leads to wasting, i.e. atrophy of fat 

cells and striated muscle cells, and loss of structural elements, enzymes and proteins 

such as albumin, and growth delay in children. Even a short time of water deprivation 
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leads to dehydration. Too high intake of water can lead to generalized water 

accumulation – generalized edema. Lack of iron leads to hypoplasia of all stages of 

red cell development and a low blood concentration red blood cells (=anemia). Low 

iodine intake leads to hypothyroidism meaning insufficient production of the hormone 

thyroxin. 

 

Rachitis and scurvy, pernicious anemia and certain encephalopathies are caused by 

too low intake of vitamins D, C, B12 and B1, respectively. Bone calcium is rarified in 

Rachitis leading to bone malformations, e.g. bending. In scurvy collagen formation is 

diminished and capillary walls are weak, and bleeding ensues.  Pernicious anemia 

means arrested maturation of red blood cells with accumulation of immature cells and 

anemia. Hypovitaminosis A is common in poor countries. It first leads to night 

blindness later to total blindness and then possibly to death. Insufficient iodine intake 

diminishes thyroxin production leading to goiter and hypothyroidism. The reason for 

a copper deficiency may not be evident. Serum copper determination should be 

included in the work-up of patients with anemia and leukopenia of unclear etiology, 

who have associated myeloneuropathy (Kumar 2005). 

 

Obesity may be due to too high intake of fat and glucose. High air concentrations of 

CO2 may cause suffocation. Too high intake of fatty vitamin D is hypercalcemia and 

the formation of calcium stones particularly in the renal pelvis. Hyperzincemia can be 

an accompanying abnormality even without exogenous zinc ingestion.  

Toxic substances 

Hazardous chemicals are ubiquitous. Chemicals cause single or multiorgan disease 

depending on the substance type, dose and the duration of intake. The USA 

Occupational Safety and Health Administration estimates that there are 575.000 

hazardous chemical products in American workplaces. Inhalation of CO and cyanide 

may cause instant death. Liver failure and death are common complications of 

acetaminophen ingestion. N-hexane and acrylamide may cause segmental 

demyelization. Amethiocaine, aminoethylethanolamine and tulip bulbs can affect 

nails. Alloxan induces diabetes.   

 

Chemicals mutagens may cause genetic and developmental disorders acquired after 

the conception. A conservative estimate suggests that chemical carcinogens cause 

4% of all deaths from cancer. Thalidomide profoundly affects limb development. 
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Shortening or absence of limbs (phocomelia) is a typical side effect of the drug. The 

pesticide DDT and other chemicals interact with hormone receptors, and gene 

regulation (Limbird 1998). Nerve agents disrupt the mechanisms by which nerves 

transfer messages to organs. 

Narcotics 

Narcotics act on the brain and have mental effects. Ethanol and narcotics are 

characterized by substance dependence and their effects on cognition and emotions. 

Some chemical agents act on multiple targets and cause complex reactions such as 

pleasure, agitation, hallucinations and drowsiness. 

Electro-magnetic 

A low-voltage electric shock can cause various acute disorders of the nervous system, 

skin, musculoskeletal system, cardiac arrhythmias, and internal burns. The degree of 

damage depends on the current, the voltage, the route taken by the current through 

the body, and the duration of current exposure. 

 

High-voltage lightening can hit any body structure. Death ensues from burn trauma in 

the brain and heart and damage to other vital body parts. 

Thermal 

Local thermal injury to the skin and subcutaneous tissues are caused by exposure to 

heat or cold. Mild thermal intensity induces local inflammation. Increasing the intensity 

elicits (coagulation) necrosis and eventually charring. The prognosis depends on the 

depth and the percentage of the affected dermal area. Hot air can damage the tube 

surface of the respiratory tract. 

 

Mild generalized exposure to cold or heat over a period of time cause hypothermia or 

hyperthermia, respectively. Cold exposure may precipitate bronchial, coronary 

stenosis, and other arterial stenosis in hands and feet (Reynaud syndrome). Severe 

thermal exposure may precipitate hypofunction and finally afunction of any organ. 

Afunction of vital organs (brain, heart, lungs, kidneys) are deadly if not given urgent 

care. 

 

Thermal exposure may be the single cause of disorders, but febrile diseases due to 

drugs (e.g. malignant neuroleptic syndrome) and aluminum do also occur. 
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Radioactive radiation 

Radioactive radiation embraces X-rays, alpha-, beta- and gamma rays. Common 

sources radiation are radiological instruments,  plutonium, uranium and radon. Heavy 

radiation causes death by cell lysis, coagulation necrosis, and even charring. Low-

medium radiation-induced intracellular ionization causes DNA breaks and mutations, 

chromosome aberrations, and cell death (Movsas 1997). The effects are most 

profound in rapidly dividing cell lines such as the bone marrow and small intestinal 

tract. Long-term effects are atrophy and fibrosis, and/or cause mutations that may 

lead to dysplasia and neoplasia.  

 

The localization of radiation damage, either by accident or as a byproduct of therapy, 

also depends on the dose and the type of radiation.  X-ray and radioactive radiation 

predispose to fetal developmental abnormalities. Genetic disorders may be acquired 

before or after the conception. 

Sound 

Damaging effects of sound depends on the intensity, frequency and duration of the 

exposure. The inner ear is sensitive to long-term low-dose exposure, but also to short 

blasts that damage the tympanic membrane. Severe sound blasts can cause 

extensive physical damage.  

Social etiology 

CM is concerned with social constellations that precipitate mental disorders. Long ago 

Emile Durkheim (1858-1917) described a relation between social parameters and 

suicide and suggested that suicide may be caused by social events (Durkheim 1978). 

The Norwegian psychiatrist Gabriel Langfeldt explained some reactive psychoses by 

external events causing conflict, sorrow, and fear (Langfeldt 1963). Depression is 

related to loss (Lavik 1983:52). In contrast, the risk of psychoses in adults is stable 

and does not show geographic variations in Norway (Lavik 1983:67). Social factors 

influence gender belonging. 

 

The prevalence of several disorders correlates with social status. Alternations in job 

content, unemployment and meaningful activities have profound effects on the 

sickness, mortality (Martikainen 1990) and well-being (Westin 1990). Rosling and 

coworkers divide persons in four income groups. Level one (L1) is extreme poverty 

and we find the rich at L4 (Rosling 2018). The prevalence of caries, traffic accidents 

and children that drown peaks in L3 (Rosling 2018:97). 
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Among the specific social causes of mental disorders are loss of close relatives, 

infidelity, divorce, vicious competition, distrust, envy, hate, fear, inequalities, lack of 

freedom, limited resources such as water and food, political and religious ambition, 

forceful expansion, and social, economic and geographical constraints - including lack 

of care. Long lasting difficult working conditions can lead to severe depression 

(Weinstein 2018). Job loss and income reduction influence self-esteem and health. At 

the sad end of the line are wars, pogroms, holocaust and genocide. Suffering from 

such cruelties is indescribable. 

 

Perhaps more surprisingly, patients with severe cardiac insufficiency are influenced 

by belief in the doctor to such an extent that the simple presence of the doctor can 

diminish disease-related behavior (Vestby 1990).  It has been said that depression is 

equally significant factor as the hearts’ ejection fraction regarding life-expectancy. 

Anxiety and irritability are important predictors of blood pressure increase over time 

in healthy males (Deter 2006). Hurting mental symptoms such as flashbacks occur 

after severe (social) trauma (Dyregrov 2000). Gastric motility is influenced by stress. 

There is a strong relationship between anxiety, depression and functional dyspepsia, 

which is related to gastric motor abnormalities and visceral ‘hypersensitivity’ (Haug 

2002). Social support seems to affect immune function (Miyazaki 2005). In the 

pediatric age group stress is assumed to precipitate abdominal pain, headaches, 

chest pain, fatigue, limb pain, back pain, worry about health and difficulty breathing 

(Brill 2001). 

 

Religious issues are important parameters of behavior by other sciences (Pattison 

1988), but medicine has considered them unscientific, unquantifiable and value-laden 

(Sturgis 1988). The water of Ganges is so ‘pure’ in the minds of pilgrims that its 

enormous bacterial content and high risk of infection is irrelevant (Reynolds 1983). 

Religious bonds confine marriage within groups and result in severe hereditary 

diseases (Reynolds 1983). Religion concerns biological matters such as sex, 

reproduction, abortion, contraception and affect wide areas of clinical disorders. 

 

Not long ago many common disorders such as asthma, gastritis and colitis were 

assumed to be caused by sociopsychosomatic mechanisms. Belief in this explanation 

has faded, especially since the discovery of Helicobacter pylori as the cause of most 

instances of gastritis and duodenitis as well as new insights into the complexity of 
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inflammation and immune reactions. A possible relation between stress and chronic 

liver disease remains to be clarified (Chida 2006). Little is known on the relationship 

between social factors and exocrine pancreatic function1 and this is the state of affairs 

for knowledge on social etiology as a cause of disorders in many organs and cell lines. 

 

If history were a cyclical process, then historians and sociologists might predict the 

future. But such predictions fail (Popper 2011, Ritzer 2000). The diagnosis of social 

etiology rests on exclusion of primary mental disorder, which may be difficult (see 

above) plus a plausible sociopsychic causal explanation of the patient’s mental 

problems. Memory and recall are probably crucial to mental disorders caused by 

social mechanisms. Memories are highly malleable and personal dispositions and 

resistance to mental disease vary among exposed persons. Care is needed in the 

interpretations of a causal socio-psychic explanation for a particular mental disorder. 

Essential 

We do not yet know all etiological agents. Etiological agents that are still unknown to 

us may cause known disorders. In addition, the actual agent may be known, but for 

various reasons it cannot be detected. If the etiological agent of a disorder is 

undetected, then the etiology is also called essential. 

 

It is often impossible to decide whether spontaneous somatic mutations occur shortly 

before or after the conception. It may be hard to rule out mutagens such as viruses, 

chemicals and background radiation. Unexplained mutations belong to essential 

etiology 

Two or more etiological agents 

More than one etiology category may cause one disease. Consider five examples of 

combined hereditary and acquired disorders. 1) Activated protein C resistance (APC 

resistance) increases the risk of deep venous thrombosis (DVT), but a mutation does 

not necessarily cause DVT (Zöller 1994). Additional trauma to veins or physical 

inactivity may trigger DVT. 2) Increase risk of skin cancer Xeroderma pigmentosum 

(XP) is due to genomic defective repair of mutations plus exposure to UV-light. 3) 

Hereditary and acquired genomic disorders, and bacterial, chemical and viral agents 

 

1The only reference obtained on searching PubMed in 2019 on ‘psychosomatic pancreas 
exocrine’ was (Benos 1976).  
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can suppress immune reactions. But in addition, infectious agents are always required 

for recurrent and persistent (opportunistic) infections. 4) Cold-induced asthma may 

have combined genetic and thermal etiology. The main cold temperature sensor in 

humans is the transient receptor potential melastatin 8 (TRPM8) channel. A TRPM8 

polymorphism is associated with cold induced airway hyper-responsiveness in 

bronchial asthma (Naumov 2015). 5) Thermal hypersensitivity participates as an 

etiology of neuroleptic syndrome. 6) A defective skin barrier is a hallmark for atopic 

eczema. It may be caused by the genetic predisposition of increased skin permeability 

and heavy use of soap. 

 

Mental disorders are caused not only by harmful social acts, but are also due to 

hereditary diseases, mechanical damage, vitamin deficiencies, chemicals, viruses 

and agents from all the other etiology classes. The agents pass to the brain on 

different levels and may harm the same sign structures and create similar mental 

disturbances. Thus, etiology of mental disorders obeys Koch’s principles. 

Predilection sites (tropism) 

Agents spread from their site of entrance to other body sites depending on their tissue 

and cell specificity. Various etiologic agents have certain predilection sites, i.e. have 

particular preference for a few body parts and cells. For example, mutations may be 

expressed only in some stem cells. Viruses show characteristic tropisms (Table 4) 

Poliomyelitis virus mainly affects motor neurons. HSV causes orolabial and genital 

herpes. VZV results in varicella and zoster. CMV, EBV, and HHV-6 cause 

mononucleosis, and HHV-6 and HHV-7 cause roseola (Cohen 2018). In contrast, M. 

tuberculosis cause disorder in any tissue and cell type. Table 5 lists some important 

viral tropisms. 
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Table 4. Common viral tropisms. 

Tissue, cell line Virus 
Squamous stratified epithelium Variola, Varicella-zoster, Rubeola, Herpes 

simplex virus type 1, Rubella, Molluscum 
contagiosum 

Stratified epithelium (pharynx, 
esophagus, uterine cervix, vagina, 
anal region) 

Herpes simplex virus type 1, Human papilloma 
virus 
 

Striated muscle Influenza virus B and A, Coxsackie virus B, 
enteroviruses (echovirus type 1 (Leendertse 
2013)) 

Heart cavity and valves Rubella 
Myocardium Coxsackie virus B, Yellow fever 
Brain Herpes simplex, Cytomegalic virus, Coxsackie 

virus, 
Poliovirus, Rubeola, Rubella, Rabies, 
Encephalitis lethargica, Zika virus, St. Louis 
encephalitis, Western equine 
encephalomyelitis, Japanese B encephalitis, 
Russian spring-summer encephalitis, Looping 
ill, Progressive multifocal 
leukoencephalopathy, John Cunningham-virus 

Meningitis Poliovirus, Coxsackie viruses, ECHO virus, 
Parotitis virus, herpesvirus, Rubella virus, 
Rubeola virus, Epstein Barr virus 

Motor neurons Poliovirus, Coxsackie A7, Enterovirus D68 
Sensible neurons Varicella-zoster, Rabies 
Spinal cord Zika virus  
Salivary glands, pancreas, testis Parotitis virus 
Nose, pharynx Rhinovirus, adenovirus 
Bronchi Influenza virus, parainfluenza virus, 

coronavirus, Severe Acute Respiratory 
Syndrome (SARS), Enterovirus D68, human 
metapneumovirus (hMPV) 

Bronchioles Respiratory syncytial virus (RSV), rhinovirus 
Liver Hepatitis virus A, B, C, D, E, Cytomegalic virus 

(in utero), Epstein Barr virus, Yellow fever 
Small intestine Rotavirus 

Norwalk virus 
Adenovirus 

Kidneys Hanta virus, Yellow fever 
Erythropoiesis Parvovirus B18 
Monocyte, macrophage, dendritic 
cells 

Dengue virus, Rubeola (Laksono 2018) 

B-lymphocytes Epstein Barr virus, Rubeola 
T-lymphocytes HTLV virus, Rubeola 
Eye lens Rubella 

 
 

Bacteria also spread via tube systems and into slits and cavities. They spread in the 

bronchi (bronchitis) and to the alveoli (pneumonia, bronchopneumonia) and may pass 
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through damaged pleura and cause pleuritis. Spread from infected heart valves, can 

pass to all other organs. Bacteria in the perineum may ascend via tubes to the urinary 

bladder and the kidneys. Ascension through the vaginal and cervical tubes may give 

rise to uterine infections that may proceed to the fallopian tubes and from there to the 

ovaries and peritoneal cavity. Likewise, bacteria may spread from the duodenum via 

the bile ducts to the bile bladder and liver.  

 

Disputes about whether diseases are qualitative or quantitative in nature have raged 

for decades (Canguilhem 2015). Etiological agents are not part of the human body. 

They are introduced into it by the mechanism of virulence. Accordingly, disease is 

qualitatively different from health. 

 

Risk of disease 

The risk of a disease also depends on the probability of exposure, virulence and 

personal disposition. The probability of exposure is rooted in the epidemiology. 

Virulence is largely related to agents and their carriers. These two aspects are 

elaborated above. 

Resistance 

Resistance to diseases depends on functions of various body parts. The skin and 

epithelia bordering on the environment resist loss of fluids and invasion of 

microorganisms. Innate and acquired IRs defend us against microorganisms that 

have entered the system. But morphological disorders of tubes increase the rate of 

infections. 

 

Different types of etiological agents encounter resistance against their harmful 

effect(s). One agent may cause a severe disorder in one person while hardly affecting 

another. The genetic makeup of an individual largely determines its resistance against 

etiological agents. DNA repair is important for the carcinogenic effects of radiation. 

The susceptibility to severe trauma is about the same for most individuals, but the 

connective tissue and bone strength and the ability to repair tissue damage also play 

a vital role. 

 

The plague took many lives in the late middle ages, but it is equally important that the 

remaining population survived. This also holds for tuberculosis and lepers. Risk of 

disease depends on biological and psychological traits that predispose to an agent’s 
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harmful effects. For example, HIV-1 creates serious disorders in most infested 

persons but does not affect individuals lacking HIV receptors (Zimmerman 1997). 

Diseases evolve only if the virulence of an agent exceeds the organism’s resistance 

against the same agent. 

 

In contrast, AIDS patients are predisposed for opportunistic infections with various 

bacteria and fungi. The same is true to patients with the hereditary disorder Chronic 

Granulomatous Disease (CGD) in which PMN have lost the capacity to kill certain 

bacteria, e.g. Staphylococcus aureus (Flynn 2015). CMV and EBV are more frequent 

detected in the blood of immunocompromised persons than individuals with intact IR. 

A robust psyche guards against social trauma. 

 

Various genes defend us against toxic chemicals and radiation. The susceptibility 

towards chemical agents depends on the rate of activation of protoxins and 

detoxification, i.e. pharmacokinetics, and the reactivity of enzymes and receptors.  

 

Resistance against mental illness rests on our genetic and social history. Resistance 

to aggressive social influences is determined by the organic makeup of the brain, and 

the mind’s history at the time of exposure. 

Activation  

The harmful effect of etiological agents may require their activation. Hereditary 

malignant tumors preferentially occur in certain age groups, which can be related to 

age-dependent gene activation. Herpes zoster is due to reactivation of Varicella-

zoster virus a long time after exposure 

 

Vulnerability to chemicals depends on mechanisms for their activation and properties 

that mediate their damaging effects. Many individuals do not activate certain 

etiological agents and are not harmed by them. For example, smoking accounts for 

80–90% of lung cancers (El Zoghbi 2017) but only about 15% of all patients with 

chronic obstructive lung disorder are smokers, which means that these disorders react 

differently towards the same chemical agent(s). 

 

The susceptibility towards environmental chemical agents also depends on the 

distribution of chemicals through body compartments (pharmacodynamics), reactivity 

of enzymes and receptors, and detoxification of toxins in liver and other tissues, i.e. 
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pharmacokinetics. The multitude of variables make it difficult to predict the effect(s) of 

chemical agents. 

 

The risk of psychic problems depends on the social environment. Some are borne 

into harsh social conditions and may be marked for life. After childhood most of us are 

free to choose.  

 

Pathogenesis 

Disorder in a primary affected body part may cause change or disorder in other 

secondarily affected body parts as illustrated in figure 1. The pathogenesis is the 

collection of processes internal to patients that originate in primary affected body parts 

and affect the structure and/or function of other body parts (Table 5). The 

pathogenetic mechanisms cover the endogenous spread of disorders. 

 

Table 5. Pathogenesis: Some causal extracellular connections. 

Morphism Source Target 
Physical connection Body part Body part 
Spread 1 metastasis (TNM) Neoplasia Body part  
Spread 2 thrombus DVT Lung 
Spread 3 infection Body part Hematogenous 

lymphogenic 
Secretion CellA ECF, blood 
Intercellular metabolism Site of absorption into 

organism, CellA 
CellB, excretory 
site 

Inflammation TissueA TissueB 
Immune reactions (IRs) Source of  

leukocytes in bone 
marrow, lymph node, 
thymus, spleen, Peyer’s 
plaques 

leukocytes in 
tissue 

Chemical regulator 
(hormone, growth factor, 
cytokine) 

CellA CellB 

Psychosomatic The mind Tissue 
Somatopsychic Tissue The mind 

ECF=ExtraCellular Fluid. DVT=deep vein thrombosis. In the TNM system: T refers to the size 
and extent of the main tumor. The N refers to the number of nearby lymph nodes that have 
cancer. M refers to whether the cancer has metastasized. 

 

One disease rarely involves many pathogenetic pathways. Rather, a few or a single 

one particular etiological agent affects one. For example, the hormonal changes in 

Addison’s disease do not cause clinically important disturbances in the blood clotting 

system and has little effect on liver function. Due to homeostatic mechanisms, the  
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remaining parts of the system are insulated from changes in internal parameters of 

the system. An important exception to this rule is multi-organ failure. 

 

The pathogenesis partitions into seven non-overlapping pathogenetic categories 

(Table 6). The processes within each category are similar but differ in important ways 

from processes in other categories. Differences and similarities between categories 

facilitate the overview of the pathogenesis. 
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Table 6. Main pathogenetic mechanisms. 

Intercellular space Anatomical structures 

Microvasculature Vascular capillaries, lymphatic capillaries 
Circulatory system Arteries, veins, lymphatics 
Cells Fibroblasts, mast cells, glial cells, erythrocytes, 

platelets 

Spread  

 Metastasis 
 Embolism 
 Microorganisms 

Intercellular metabolism Substances and substance types 

Proteins, peptides Albumin, transport proteins, ...  
Nucleic acids DNA, RNA, … 
Nucleotides Adenine, guanine, ... 
Carbohydrates Glucose, fructose, mannose, … 
Lipids Triglycerides, cholesterol, ... 
Water and electrolytes Water, sodium, potassium, magnesium, chloride, 

calcium, ... 

Hemostasis  

Coagulation Platelets, coagulation factors, endothelium 
Thrombolysis Plasminogen activators, plasmin, 

Regulators  

Hormones Thyroxine, insulin, somatomedin, gastrin, 
testosterone, ACTH, ... 

Poietins Erythropoietin, ... 
Interferons Interferon alpha, interferon gamma,... 
Interleukins and others IL-1, IL-2, IL-3, ..,  cytokines, … 
Growth factors EGF, NGF, fibroblast growth factor, BMP, CFSs, …. 

Immune reactions Cells and molecules 

Type 1 Eosinophils, IgE 
Type 2 IgA, IgG, complement 
Type 3 Neutrophils, IgG, .. 
Type 4 Lympho- and monocytes 
Granuloma Giant and multinuclear macrophages 

Psychic mechanisms Neuroanatomical connections 

Nervous system The central (CNS) and peripheral nervous system 
(PNS) 

Transmitters Acetylcholine, Noradrenalin, Dopamine, Serotonin, 
Enkephalins, GABA... . 

Ig = Immunoglobulin, ACTH = Adrenocorticotrophic Hormone, IL = Interleukin, EGF = 
Epidermal Growth Factor, NGF = Neural Growth Factor, CSFs = Colony Stimulating Factors, 
GABA = Gamma Amino Butyric Acid. 

 

Connective tissue 

Disorders of connective tissue inhibit the exchange of nutrients, regulators and cells 

between parenchyma and capillaries and reduce the function of the parenchyma that 

they inhabit. 
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Extracellular space (ECS) 

Connective tissue connects the parenchyma with other organ systems. In fibrosis 

excessive collagen is deposited in ECS. in one body part may create disorder in 

another body part. This feature makes it natural to discuss some disorders of 

connective tissue under the pathogenesis. 

 

The function of any organ is affected by disorders of ECS such as dehydration, 

edema, inflammation, fibrosis and sclerosis. Edema of the lungs and brain diminishes 

the function of these organs. Edema also causes stenosis and occlusion of narrow 

tube systems. Dehydration taps ECS of nutrients, which impairs parenchyma 

functions. 

 

Precipitates are formed when the concentration of a substance in a solvent is so high 

that the substance separates from the solvent. The limit depends on the substance 

and the solvent. Several substances can precipitate in ECS.  The most common are 

uric acid, cholesterol, amyloid and mucin. Uric acid crystal precipitates mark off 

podagra. Atheromatosis consist of cholesterol precipitates in the intima of arteries. An 

arteriosclerotic plaque is a hard, calcified atheroma. Amyloid proteins precipitate in 

capillaries and diminish their function. Mucin can be deposited in ECS behind the eyes 

and pretibially. 

 

Deposits can also be formed by adherence of substances to molecules in ECS, 

particularly to the basement membrane that surrounds vascular endothelial cells. One 

particularly important precipitate is complexes of antibodies and antigens, complexes 

with complement fragments, or complement fragments alone. Such complexes 

damage the basement membrane, disturbs endothelial function and give rise to 

circulatory disturbances. For example, disturbed function of glomerular capillaries 

leads to leakage of red blood cells and proteins to the urine, called hematuria and 

proteinuria, respectively. 

Inflammation 

Inflammation means vascular capillary dilatation and increased permeability that give 

rise to local redness (rubor) and edema, respectively. It can be induced by histamine, 

bradykinin and prostaglandins. 
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Inflammation is a sign of capillary irritation that neither requires the presence of 

microorganisms, allergens nor an IR. The generation of the complement fragments 

C3b C5b also leads to production of the anaphylatoxins (C3a and C5a), which are 

potent chemoattractants for PMN and are mediators of the inflammatory reaction 

(Cardone 2011). Pro-inflammatory cytokines include TNF, IL-1β, IL-6, and IL-12.  

 

The suffix -itis also designates inflammation. Bronchitis means an inflammation of 

bronchi without any known etiology. Dermatitis means  skin inflammation. 

Hemostasis 

Hypocoagulability (hemorrhagic diathesis) and hypercoagulability (thrombophilia) are 

characterized by bleeding and thrombosis, respectively. Since these conditions 

involve endothelial cells, platelets and coagulation factors any of these components 

can be affected in disordered blood clot formation.  

Hemorrhagic diathesis 

Hemorrhagic diathesis means increased tendency to bleeding. It can be caused by 

low blood concentrations of procoagulants or elevated concentrations of 

anticoagulant factors.  

Thrombosis 

Endothelial cell damage or dysfunction is the main cause of thrombosis. Increased 

clotting tendency (thrombophilia) is due to high blood activities of procoagulant and 

low blood activities of anticoagulant factors. 

 

Arterial thromboses induce acute infarction. Venous thrombosis triggers local 

tenderness and edema distal to the thrombosis. Veins are common primary affected 

organ sites for thrombus formation. Deep Venous Thrombosis (DVT) can start in 

peripheral veins and proceed on the proximal direction but do also start in pelvic veins. 

 

The sudden onset of thrombosis is sudden leads to acute diminished function of the 

affected body part. In the acute phase thrombi may be resolved completely leading 

behind normal body part function. However, thrombi may persist and eventually be 

replaced by a scar (fibrosis). In such cases function loss is permanent. In particular, 

the tissue supplied by occluded arteria are replaced by a scar and the function of the 

tissue is lost. Permanent occlusion of deep veins leads to edema and diminished 

function (post thrombotic syndrome). Permanent occlusion of lung arteries arrests 
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perfusion, but the alveoli may remain open. Alternatively, the alveoli are also replaced 

by fibrosis. 

 

Thrombotic microangiopathy (TMA) is a rare variant of thrombosis with platelet-rich 

thrombi in arterioles and capillaries that among others obstruct glomerular circulation. 

TMA is promoted among others by large von Willebrand Factor molecules that are 

not properly split, and VEGF deficiency. 

Disseminated Intravascular Coagulation (DIC)  

DIC is a process of continuous blood coagulation leading to low platelet counts, the 

formation of split products of fibrin (D-dimers, Fibrin Degradation Products (FDP)), 

low levels of anticoagulant protein C, coagulation factor II (thrombin) and factor XI. 

The low concentration of procoagulants leads to hemorrhagic diathesis and bleeding. 

Accordingly, DIC is a combination of bleeding and thrombosis. 

Mixed thromb 

A thrombus may arise at a site of endothelial infection and include microorganisms. 

Such mixed thrombi form among others in emboli from endocarditis. 

Spread by vascular and lymphatic circulation 

Arterial stenosis reduces the supply of O2 and nutrients in the tissue it supplies with 

blood. This is called ischemia. Thus, carotid, coronary and renal stenoses cause 

cerebral, cardiac and renal ischemia, respectively. Infarction disconnects the target 

tissue from the blood circulation. Accordingly, carotid, coronary and renal occlusions 

regularly cause cerebral, cardiac and renal infarctions, respectively. 

 

Arterial bleeding (hemorrhage) is caused by an aneurysm, or endothelial or platelet 

disorders. The high arterial pressure forces blood into ExtraCellular Space (ECS) and 

displaces the original tissue. A large cerebral blood accumulation (hematoma) can 

compress the brain and cause sudden death. Bleeding from large vessels such as 

the aorta or a femoral artery, rapidly cause intravascular blood loss and circulatory 

arrest. A mechanical bruise often leads to a bleeding from small arteries, capillaries 

and veins, and gives a prominent, hard tumor. 

 

Venous stenosis increases blood pressure at venous side of capillaries. Capillary 

filtration increases, the local amount of ECF increases with a local swelling called 
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edema. Increased pressure and stenosis or occlusion of lymphatics (and in lymph 

nodes) also give rise to edema in the drained body part. 

 

Venous bleeding lead to diffuse spread of blood in ECS. The local fluid pressure 

remains low. Hence, venous hematomas are soft, not elevated and does not displace 

normal tissue. Capillary bleeding are small hematomas called petechia. 

Metastasis 

Cells from malignant tumors enter the blood stream and are carried to other body 

parts. Cells entering lymph are transported to local lymph nodes and are released to 

the venous circulation. Cell clumps may clog the circulation. Implantation and growth 

of metastatic tumor cells depend on factors in the target tissue(s) 

Emboli 

Thrombosis is the formation of blood clots in the vascular system. An embolus is a 

thrombus detached from the vascular tube wall that passes with the blood stream. 

The embolus lands in a tissue where the diameter of the tube wall is less than the 

embolus’ diameter. 

 

Atrial fibrillation gives rise to thrombus formation arterial emboli. Heart emboli may 

occlude arteries of the brain, kidneys, intestine and the extremities. Emboli from large 

veins lands in the lungs and acutely reduces lung function. Large pulmonary emboli 

can obstruct the blood circulation and cause sudden death. Also, fat emboli arise from 

bone fractures and air bubble emboli may form from the lungs or by decompression 

sickness.  

 

Non-thrombotic emboli are rare, and can be due to adipose tissue fragments, tumors, 

air and other substances. 

Bacteremia, sepsis, viremia and fungemia 

The vascular and lymphatic vessels sometimes spread bacteria, viruses and other 

microorganisms from the primary affected organ to distant body parts. Vasculitis, 

bacteremia and sepsis are three different manifestations of hematogenic spread of 

bacteria. The hematogenic spread of microorganisms was defined by seemingly clear 

diagnostic criteria (Odeh 1996): Bacteremia means the presence of bacteria and/or 

toxins in the blood stream. Septicemia is a systematic disease caused by the spread 

of microorganisms and toxins via the blood circulation and their deposition in a 
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secondary affected body site. Sepsis syndrome means the association of sepsis with 

altered organ perfusion and/or altered organ function. Septic shock is a severe form 

of sepsis causing inadequate tissue perfusion or shock. Sepsis is also called systemic 

inflammatory response syndrome (SIRS) with a documented source of infection and 

bacteremia. However, the validity of administrative data in recording sepsis varies 

substantially (Jolley 2015). None of these definitions are satisfactory: they do not 

specify the microbe, nor the primary and secondary effected organs, or the type of IR. 

CM takes the etiology, primary and secondary affected organs and the pathogenesis 

into account and mends the deficiencies of the above definitions. 

 

The endothelial glycocalyx is reportedly damaged under stress conditions such as 

sepsis (Okada 2017). Diffuse and persistent alterations in the glycocalyx are linked to 

widespread endothelial dysfunction. The endothelium is a pivotal contributor to 

inflammatory thrombus formation (Higgins 2018). Tie2 deficiency yields fibrin-

dominant lesions at sites of vascular injury. Activated endothelial cells can support 

assembly of the prothrombinase complex required for thrombin and fibrin generation 

(Ivanciu 2014). Endothelial hyperfunction is reversed by the vascular protective 

protein Angpt-1 that maintains Tie2 signaling. Endothelial Tie2 disruption seems 

necessary for endothelium-mediated thrombosis in early sepsis and Tie2 activation is 

sufficient to ameliorate this process (Higgins 2018).  

 

Lymphogenic spread of microorganisms is called lymphangitis. The organisms pass 

to the regional lymph nodes and cause lymphadenitis, which is characterized by 

inflammation and an IR. 

Intercellular metabolism 

In metabolic disorders, substances in ECS and/or blood are not at equilibrium with 

each other. There is a mismatch between dietary intake, digestion, absorption, 

production, catabolism, regulators and excretion to the environment. Homeostasis is 

disrupted. 

 

In disorders with diminished absorption or increased secretion the local tissue 

concentration and peripheral blood concentrations of a metabolite may be decreased. 

Similarly, if absorption is increased or secretion is diminished then the local tissue and 

peripheral blood concentrations can be increased. 
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Metabolites 

Metabolites such as glucose, electrolytes and oxygen (O2) nourish cells and tissues. 

Altered metabolic homeostasis due to malfunction in a primary affected organ is 

accompanied by malfunction in secondary affected organs. A typical example is 

hepatic failure with hypoalbuminemia causing edema in the lower extremities, and 

accumulation of biogenic amines giving rise to mental disorder. 

 

Hyperglycemia (diabetes mellitus type II) is often due to increased hepatic glucose 

synthesis (gluconeogenesis) and glucose hypersecretion. In this disorder, the glucose 

concentration in the hepatic artery is lower than that of the hepatic vein due to a high 

rate of gluconeogenesis. In addition, hyperglycemia may be due to a sugar-rich diet. 

Gases and electrolytes 

In hypoxia the body or a body part is deprived of adequate O2 supply. The former is 

called generalized hypoxia. The latter is local hypoxia. Hypoxia diminishes 

mitochondrial production of ATP, which is the crucial energy source in nearly all 

tissues. Lack of ATP diminishes all mechanical and electrical functions, and the 

turnover in metabolic pathways that depend on ATP such as protein and fat synthesis. 

 

Intracellularly, pyruvate can be used by mitochondria or be converted to lactate. 

Therefore, when hypoxia inhibits mitochondrial function pyruvate is converted to 

lactate. Generalized hypoxia leads to lactate acidosis whereas local hypoxia leads to 

tissue acidosis. 

 

In blood, O2 is carried by hemoglobin (Hb) in red blood cells. A  low Hb concentrations 

causes generalized hypoxia. Thus, anemia is a typical cause of hypoxia. 

 

Anoxia is complete deprivation of oxygen supply. Acute generalized anoxia 

(anoxemia) immediately causes coma and if it lasts for a few minutes coma usually 

ends with death. The same endpoint is reached irrespectively of whether the 

anoxemia has a pulmonary or cardiac origin or is due to severe anemia. 

 

Pulmonary and cardiac hypofunction manifests themselves by generalized hypoxia 

and increased blood concentrations of CO2 (hypercapnia). CO2 is converted to H2CO3, 

which is split into H+ and HCO3
-. A surplus of CO2 gives rise to respiratory acidosis. 

Inversely, hyperventilation overloads arteries with O2 and depletes them of CO2 and 
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H+ and gives rise to respiratory alkalosis. Repeated vomiting cause loss of H+ and Cl- 

and to alkalosis. 

 

The kidneys secrete H+. Kidney failure leads to accumulation of H+ and metabolic 

acidosis. Hard physical exercise may overwhelm O2 uptake and diminish the 

throughput through the respiratory chain. Instead of pyruvate passing to the citric acid 

cycle it is converted to lactate giving rise to lactate acidosis. 

 

Ischemia due to circulatory arrest also leads to lactate acidosis. On the other hand, 

mitochondrial respiratory chain hypofunction is reflected in deviant blood levels of 

triglycerides, lactate, pyruvate and several amino acids (Clarke 2013). 

Large molecules 

Cells release their contents to ECF during cell membrane leakage, lysis and necrosis. 

Hemoglobin is released during hemolysis (of red blood cells) and converted to 

bilirubin. In heart infarction troponins are released to ECF. Leaking striated muscle 

free myoglobin and creatinine kinase to ECF and from there they pass to the blood. 

Likewise, hepatocyte damage increases the blood concentration of liver enzymes. 

 

Several cell types may be the source of the same molecule, but often there is one 

major source. For example, the small intestine and liver are the important sources of 

glucose, but the liver is the only source of albumin and certain coagulation factors. 

Accordingly, primary hepatic hypofunction leads to hypoalbuminemia and low blood 

concentrations of coagulation factors, and causes edema and hemorrhagic diathesis, 

respectively. Note that this disorder and pathogenetic reaction is independent of the 

etiology of the hepatic failure. 

 

Tubes stenosis and occlusions also alter the composition of ECF and blood. The 

enzyme ALP, bile salts and bilirubin accumulate in bile duct stenosis and occlusion. 

Likewise, amylase increases in pancreatic duct occlusion, and small molecules such 

as creatinine accumulate in bilateral stenosis and occlusion of the ureters. 

Humoral regulators 

Classical endocrine hormones 

Etiological agents can attack classical endocrine glands. A head trauma may cause 

contusion of the pituitary gland and abolish the secretion of TSH, ACTH, FSH and LH. 
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The secondary affected organs are the thyroid, adrenals and gonads that also stop 

functioning due to the lack of stimulating hormones.   

  

Cells are regulated by positive and negative feedback. Disorders occur when the 

concentration of a ligand is beyond the limits of the homeostasis. -cells may be the 

primary affected cell line. Atrophy and necrosis cause insulin hyposecretion, which 

reduces the uptake of glucose in secondary affected tissues (liver, striated muscle, 

fat cells) that causes hyperglycemia. In -cell hyperplasia the cells autonomously 

secrete insulin causing an increased absorption of glucose in secondary affected 

organs that leads to hypoglycemia. 

 

The function of a parenchyma generally increases with its volume. However, due to 

regulatory phenomena the relation between function and size is more complex. In 

some cases, a high parenchyma volume indicates diminished function. A typical 

example is iodine deficiency that leads to a hypothyroidism that causes 

hyperTSHemia and thyroid hyperplasia (goiter). In this case thyroid function is 

diminished and the thyroid is enlarged. 

 

Receptor insulation secures that not all cells react to all hormones. In endocrine 

disorders, only one cell line, e.g. thyroid follicle or β-cells in Langerhans islets, may 

be affected. The remaining endocrine systems usually functions normally if there are 

no accompanying disorders of intermediary metabolism. For example, thyroid and sex 

functions are usually within the reference range in uncomplicated hyperglycemia, and 

vice versa. In effect, receptor specificity protects against chaotic intercellular 

metabolic behavior. But there are exceptions such as brittle diabetes, where the blood 

sugar varies unpredictably. 

Novel regulators 

We cannot deal with all the novel regulators. Their importance is immediate from the 

following examples. Lack of Granulocyte Colony Stimulating Factor (G-CSF) or 

deficiency of its receptor leads to agranulocytosis with increased risk of serious 

infections. High levels of G-CSF elevate neutrophil concentrations in peripheral blood, 

sometimes 50 times the average reference value. Lack of erythropoietin (EPO) and 

thrombopoietin (TPO) lead to anemia and thrombocytopenia, respectively. Too high 

levels of EPO and TPO is followed by polyglobulia and thrombocytosis. Similar 

relations between growth factors and cell number apply to other cell lines. 
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Immune reactions (IR) 

Infection, allergy and autoimmunity are ternary complexes defined by an etiological 

agent, the primary affected organ and the actual IR. Gell and Coombs divided the 

immunological reactions in five main types (Gell 1975). During the last three decades, 

IR has been profoundly revised in accordance with a broader and deeper 

understanding of the immune mechanisms (Chiricozzi 2018). A wilderness of 

stimulating factors, lymphokines, cytokines, growth factors modify the basic IR 

(Johansson 2001). In spite of the developments, the five IR are still highly relevant for 

clinical medicine. All of them are encountered in infections, allergies and 

autoimmunity, which gives rise to 15 different etiology-IR combinations (combine 

Table 1 with Table 6).  

 

The suffix -itis can also designate an immune reaction. Bronchitis IR1 just means an 

IR type 1 in the bronchial wall. Dermatitis IR4 simply means an IR type 4 localized to 

the skin. 

Type 1 (IR1) 

IR1 is usually due to an increased production of immunoglobulin IgE that is directed 

towards selected antigens. Binding of antigen-IgE to receptors on mast cells trigger 

the cells to release histamine and elicit a local inflammation (Cruse 2013). IR1 is 

heralded by local accumulation of eosinophils, eosinophilia and hyperIgEemia and 

hyperIL-5 (Kaminuma 2018). Eosinophils are attracted by Th2 cytokines IL-4, IL-5, 

and IL-13 (Svenningsen 2017, Doran 2017). The IgE may be localized to some tissue, 

circulating in the blood, or both. Localized IgE binds antigens in the tissue it is 

localized. 

Infection 

IR1 defends against parasite infections. 

Allergy 

Pollen conjunctivitis is localized to white area of the eyes. One eye may be affected. 

Urticaria is an IR1 (or only inflammation) localized to the skin. Circulating IgE can give 

rise to serious acute IR1 called anaphylactic shock. IR1 is common to parasite 

infections, acute allergic reactions (conjunctivitis, rhinitis, asthma, atopic dermatitis, 

urticaria and anaphylactic shock) towards pollen, plants and epidermis. 

Autoimmune 
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There are also some rare autoimmune disorders for example autoimmune IR1 

gastritis. (IR1 is often termed ‘acute hypersensitivity reaction’. That description is 

unfortunate given and its participation in some autoimmune diseases.) 

Type 2 (IR2) 

IR2 is dominated by immunoglobulin IgM, IgG or IgA reacting with antigens, 

neutralizing them and preparing them for phagocytosis and destruction. The binding 

of complement fragments to the agent can induce its lysis and promotes 

phagocytosis.  

 

Complement is a system of enzymes in blood. The complement cascade can be 

triggered by binding to antibodies in antibody-antigen complexes but can also bind to 

some microorganisms, allergens and autoantigens. Complement that is bound to 

antibodies attached to cell surfaces make holes in the cell membrane and lyse the 

cell. 

Infection 

IR2 defends us against a variety of viral and bacterial infections. 

Allergy 

Drugs can initiate an allergic IR2 occurring 5–10 days after exposure. The delay is 

due to the initiation and production of antibodies. Serum sickness is an IR2 against 

proteins in antiserum derived from a non-human animal source. An allergic IR2 can 

be set up towards allopurinol, barbiturates, captopril, cephalosporins, crofab, 

griseofulvin, penicillin, phenytoin, procainamide, quinidine, streptokinase, 

sulfonamides, rituximab ibuprofen and infliximab. Because these drugs circulate in 

the blood, they may cause severe generalized inflammation and circulatory collapse. 

Autoimmune antibodies can be bound to one or more cells or tissues. A typical 

example is hemolytic anemia. The patient becomes anemic because the production 

of red blood cells does not keep up with their destruction. Immune thrombocytopenia 

and immune leukopenia are similar reactions towards platelets and leukocytes, 

respectively. Anti-neutrophil cytoplasmic antibody (ANCA) can diminish or even 

obstruct PMN function and render the patient severely immunocompromised. 

Autoimmune 

IR2 is prominent in several autoimmune diseases (Antonelli 2018). Rheumatoid factor 

is a type of antibody reacting with antibodies. The IR2 is localized to the synovial 
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membrane of joints and destroys cartilage. An autoantibody called TSH receptor 

stimulating antibodies (TRAb) binds to and activates TSH receptors on thyroid cells 

and leads to hyperthyroidism. In myasthenia gravis antibodies bind to the 

acetylcholine receptors in the neuromuscular synapse. The antibodies block the effect 

of the transmitter acetylcholine and leads to generalized paresis or even terminal 

paralysis. In glomerulonephritis antibodies, antigen-antibody or antigen-antibody-

complement complexes are deposited in capillaries. Blood complement is consumed 

in both myasthenia and glomerulonephritis. Anti-N-methyl-d-aspartate (NMDA) 

receptor encephalitis is a recently recognized syndrome in which the effect of the 

cortical transmitter NMDA is inhibited. The encephalitis can be mistaken for 

psychiatric disorders (Kiani 2015). Astrocyte damage may be caused by aquaporin-4 

antibodies that are found in 40-70% of patients with neuromyelitis optica and some 

with neuromyelitis (Farmen 2019). Pemphigus vulgaris is a mucocutaneous 

autoimmune disease with non-healing erosions and blisters due to cell-cell 

detachment of keratinocytes (acantholysis) causing suprabasal intraepidermal 

splitting (Amber 2018). 

 

Soluble antigen-antibody complexes can be deposited in various tissues, capillaries 

and larger blood vessels. Such complexes are produced in chronic infections, for 

example of bone (osteomyelitis), but also by abnormal antibodies produced by 

dysplastic and neoplastic B-lymphocytes and plasma cells. 

 

Immune complex deposits can be local as in joints in rheumatoid arthritis and 

glomerular capillaries in glomerulonephritis. In contrast, systemic lupus 

erythematosus (SLE) is a generalized IR2 marked by autoantibodies to DNA and 

several nuclear antigens. However, SLE may also show tissue specificity, for example 

in the skin (Discoid Lupus Erythematosus). 

Type 3 (IR3) 

PMN recruitment to the primary affected body site is driven by bacterial molecular 

attractants and by regulators such as complement fragments (C3a, C5a), TNF, IL-1, 

IL-6, IL-8, IL-23, and IL-17 (Svenningsen 2017). 

Infection 

Pyogenic bacteria stimulate local endothelial cells in the primary affected organ and 

trigger IR3. Signals are transmitted to secondary affected organs, i.e. the draining 
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lymph nodes and the bone marrow. The result is an increased production of PMN in 

the bone marrow. PMN rid the primary affected organ of virulent bacteria and fungi. 

IR3 resolves when local PMN undergo apoptosis or return to the blood stream (Wang 

2017).  

 

The release of enzymes and other substances from the PMN may also harm the 

tissue. Necrosis may lead to atrophy and hypofunction, and stenosis and occlusion in 

the primary affected organ. An abscess is a cavity containing pus=PMN that replaces 

necrotic tissue. An empyema is a collection of PMN within a slitcavity, for example, a 

pleural or pericardial empyema. 

Allergy 

IR3 also participates in allergic reactions chemicals, particles and dead 

microorganisms. IR1 allergies such as IR1 asthma may elicit innate IR3 and worsen 

the disorder (Hosoki 2015, Hosoki 2015, Wiesner 2017). Relapsing subcutaneous 

injections with foreign proteins trigger antibody production and local IR3 (Arthus 

reaction). Intravenous injections of proteins give rise to the generalized IR3 called 

serum sickness. 

 

Pyoderma gangrenosum and similar severe dermatological disorders (Marzano 2018) 

and possibly some cases of ulcerative colitis (Huang 2016) seem to be disorders of 

innate IR3c. Such diseases do not exhibit signs of infection, allergy or autoimmunity, 

but display typical manifestations of destructive IR3. 

Autoimmune 

ANCA autoantibodies against PMN are involved in granulomatous disease with 

vasculitis and autoimmunity (Lamprecht 2018). PMN discharge DNA and nuclear 

components that under certain conditions act as autoantigens. Lack of Annexin A1 is 

implicated in systemic lupus erythematosus (SLE) suggesting that this PMN protein 

is involved in autoimmunity (Bruschi 2018). PMN seem to be mostly effector cells and 

IR3 is ill suited to initiate autoimmune reactions. However, genomic disorders may 

theoretically trigger an autoimmune as suggested by Annexin A1 story. I turn this over 

to future personalized medicine. 

Type 4 (IR4) 

IR4 is a reaction between lymphocytes and antigens. It has an insidious  (24-48 hours) 

onset. Accumulating lymphocytes and monocytes/macrophages secrete interleukins, 
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cytokines and other substances that create modest inflammation. The blood 

concentration of lymphocytes varies with the agent and can be above normal 

(lymphocytosis). 

Infection 

In general viruses elicits IR4. The intensity of the reaction depends on the virus 

species. In viral hepatitis the virus by itself may cause little damage. An altered 

antigenicity of hepatocytes surface elicits an IR4. The hepatocytes attract are attacked 

by lymphocytes and triggers necrosis, fibrosis atrophy and eventually hypofunction – 

depending on the virulence and risk. Leptospira is one of the bacteria species that 

trigger IR4. 

Allergy 

IR4 hypersensitivity is defined as lymphocyte reaction against allergens. The Pirquet 

(Mantoux) reaction against tuberculin antigens is a typical example, and allergic 

reactions towards nickel is another. 

Autoimmune 

Autoimmune IR4 occurs as polymyositis, thyroiditis, adrenalitis, orchitis and psoriasis. 

Lymphocytes infiltrate normal tissue and attack tissue components leaving 

inflammation and scarring. IR4 destroys and obstructs the function of targeted tissue 

elements leading to fibrosis, atrophy and hypofunction.  

Type 5 (IR5) 

IR5 is defined by one or more granulomas. Granulomas are foci that sequester 

microorganisms and other substances resistant to degradation. There may be a 

central area of macrophages that have turned into epithelioid cells, occasional 

Langhans' giant cells or necrosis with amorphous debris, and loss of cellular detail. 

The area is encircled by lymphocytes, macrophages (histiocytes) and usually 

surrounded by fibroblasts and prominent fibrosis. Any of these characteristics may be 

lacking in a particular IR5. For example, the necrosis may be absent, or the debris 

may be caseous or coagulative type. Granulomas of helminthic diseases contain 

eosinophils. 

Infection 

The diagnosis of IR5 infection requires the identification of a causative organism. Some 

of the alternatives are (Zumla 1996): 
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• Bacteria 
o Mycobacteria: Tuberculosis (M. tuberculosis), (M. kansasii), (M. simiae), (M. 

scrofulaceum), (M. chelonae), (M. malmoense), (M. intracellulare), (M. 
fortuitum), leprosy (M .leprae), Buruli ulcer (M. ulcerans), swimming pool (fish 
tank) granuloma (M. marinum), 

o Brucella species, melioidosis (Burkholderia pseudomallei), actinomycosis, 
nocardiosis, granuloma inguinale, listeriosis, tularemia; 

o Spirochetes: syphilis (T. pallidum), pinta (T. pinta), yaws (T. pertenue) 
o Cat-scratch disease (Bartonella henselae), Whipple's disease (Tropheryma 

whippelii) 

• Fungi (mycoses) 
o Cryptococcosis (Cryptococcus neoformans) 
o Candidiasis (Candida species) 
o Sporotrichosis (Sporothrix schenckii) 
o Histoplasmosis (Histoplasma capsulatum varieties) 
o Aspergillosis (Aspergillus species) 
o South American blastomycosis (Paracoccidioides brasiliensis) 
o Coccidioidomycosis (Coccidioides immitis) 
o Blastomycosis (Blastomyces dermatitidis) 
o Chromoblastomycosis (Phialophora species) 
o Mycetoma (Pseudallescheria boydii, Madurella species) 

• Protozoa 
o Leishmaniasis (L. donovani, L. aethiopica) 
o Toxoplasmosis (T. gondii) 

• Helminths 
o Nematodes: Toxocariasis (visceral larva migrans) (T. canis, T. cati) , … . 
o Trematodes: Schistosomiasis (S. haematobium, S. mansoni, S. japonicum, 

S. intercalatum, S. mekongi), paragonimiasis, fascioliasis, clonorchiasis, … 
. 

• Chlamydia species 
o Lymphogranuloma venereum, trachoma, … . 

• Rickettsia 
o Q fever (Coxiella burnetii) , … . 

• Viruses 
o Infectious mononucleosis (Epstein-Barr virus), cytomegalovirus infection, 

measles (rubeola virus), mumps, … . 
 

Allergy 

A circumscribed IR5 directed against suture material can be considered as an allergy. 

Unknown 

Granulomatous disease of unknown etiology may occur in the liver, spleen and bone 

marrow (Bassøe 2004). Primary biliary cirrhosis is a condition of progressive, 

granulomatous destruction of intrahepatic bile ducts (destructive cholangitis). In 

sarcoidosis, the granulomatous infiltrates are most often localized to lungs and 

striated muscle. In terminal ileitis (Crohn’s disease), the granulomatous is localized to 
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that tube wall. Langhans' giant Cell Granulomatosis refers to proliferative disorders of 

histiocytes, previously referred to as histiocytosis X. They include eosinophilic 

granuloma, Letterer-Siwe disease, and Hand-Schuller-Christian disease. 

 

This shows that all types of immune reactions are combined with hereditary 

(autoimmune), allergic and microbiological etiological agents. The combinations 

explain the relations between etiology and pathogenesis and unify them in a general 

disease concept. 

Neural pathways 

Disease is said to mean so many different things that it cannot be applied to psychiatry 

(Scadding 1990). Surprisingly, in the U.S., mental health has not been seen as 

conceptually integral to physical health (McClanahan 2006). In many illnesses such 

as hysteria, neurasthenia, fibromyalgia, young urban professional illness (yuppi 

illness) and myalgic encephalopathy no underlying organic disorder has been 

identified (Johannisson 1993). Likewise, psychological mechanisms play a significant 

role for gender, i.e. whether the person feels itself as male or female.  

 

But as we shall see, there is no doubt that mental disorder may create disorder in 

peripheral organs. Such disorders can be caused by social strain and not by primary 

biological disturbances (Aarre 2018). For example, severe social strain or threats may 

cause adverse psychic reactions (see below). Grief after divorce or a broken 

relationship can lead to suicide. Some bereaved mourn for the rest of their lives. 

Conversely, peripheral body parts can cause mental problems.  

 

In order to understand with these disorders, CM recognizes two paths: 

psycho→somatic and somato→psychic. These paths identify many behaviorally 

defined diseases where memory and emotions play important roles. But please note 

that whereas socio→psycho→somatic heralds a social etiology, the psycho→somatic 

reaction can be caused any brain/mind disorder and can be due to any empirically 

established etiology. 

Psychosomatic 

Psychosomatic is shorthand for all paths from the brain to the other organs (Kolb 

1968:). Information flows from and to the brain through afferent and efferent neural 

pathways. Afferent pathways go from the brain to other organs.  
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In psychosomatic disorders, the mind - the working brain’s machinery - is the primary 

affected body part. The mind connects to other organs. Hence, mental disorder may 

disturb distant body parts’ functions. For example, emotions may result in tachycardia 

and hyperventilation. Patients may suffer from a vicious cycle if the mind in turn is 

adversely affected by afferent neural feedback from targeted body parts. 

 

Hyperventilation syndrome is a paradigmatic example of a psychosomatic disorder, 

but CM implies that organic brain disorders may play a crucial role in some patients. 

This claim is borne out by central neurogenic hyperventilation, which is associated 

with pontine encephalitis (Park 2014), cerebral autoimmune disorder (Vural 2012), 

combined thermal/mechanical/chemical stimulation (Lee 2012) and pontine glioma 

(Ledet 2014). 

 

Disturbed mental function can precipitate long standing complex neurological findings 

such as headache, paralysis and reduced general condition (Gjems 2018). Mediated 

by the nervous system, social conflicts influence the function of any body part. The 

seriousness of conflicts is demonstrated in some of the anorexia nervosa patients. 

Initially fat stores are depleted, and later the menstruation cycle stops. A profound 

weight loss may lead to death. 

 

Mental disorders are caused not only by harmful social acts, but also by chemicals, 

vitamin deficiencies, viruses, mechanical damage and other etiological agents. 

Various agents pass into the brain by different routes but may harm the same sign, 

memory and symbol structures and create similar mental disturbances. 

Somatopsychic 

Primary affected body parts send information about altered morphology and 

function(s) to the nervous system. Therefore, somatopsychic disorders originate in 

peripheral body parts. For example, tumors, inflammation and tissue damage pass 

information along stimulated nerve fibers and elicit pain. Occlusion of the intestine is 

sensed locally and cause nausea and vomiting. In these cases, the mind is the 

secondary affected organ. Aroused thoughts and emotions are symbolized and 

expressed in language and non-verbal behavior. 

 

The clinical history is an assembly of linguistic expressions obtained from the patient 

during the consultation. Typical examples are heart infarction causing the patient to 
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tell about the symptoms of acute chest pain and dyspnea. The pain is excruciating 

and gives rise to grimaces. The pain and dyspnea are incapacitating and arrest most 

voluntary movement. Both symptoms trigger existential emotions that are expressed 

as anxiety and possibly depression. Anxiety can give rise to inexpedient involuntary 

gestures that worsen dyspnea. The clinical history usually correlates with the patients’ 

behavior. The core of clinical work is the alignment of the patients’ symptoms with the 

clinical findings, in this example possibly tachycardia and arterial hypotension. The 

important clinical sequence is somato→psychic→social (physician). 

Multi-pathogenesis 

As with multi-etiology, several combinations of pathogeneses may operate in one 

individual at the same time. Vasculitis is an IR in the vascular system (generalized 

definition from Gibson 1990). There are five general types of IRs, and the vascular 

system consists of arteries, arterioles, capillaries, venules and veins. Thus, 25 types 

of vasculitis can be predicted. IRs and the vascular system is widely distributed, one 

might expect that most often vasculitis is a systemic disorder. Both the order of 

magnitude of predicted diseases and their distribution is consistent with the literature. 

 

Disorder, syndrome and disease 

CMs should reflect clinical reality and aspire to a universally valid disease concept. 

CM gives rise to the following concise terminology. Disorder is a morphological and/or 

functional change in a general organ. Syndromes consist of one or more disorders 

and the disorders of the secondary affected body parts. Diseases consist at least of 

one etiological agent, the disorder(s) of the primary affected body part and possibly 

one or more secondary affected body parts.  

 

Some diseases are inflicted by a single etiology, but multi-etiology disorders are well 

known. An example is chronic granulomatous disease (CGD), a genetic disease 

characterized by diminished or abolished killing of bacteria by polymorphonuclear 

neutrophilic granulocytes, causing diminished resistance to infections, in particular to 

Staphylococcus aureus. Infections are encountered in all organs. Etiological 

diagnosis of CGD requires both the identification of the genetic cause and the 

appropriate microorganisms. This argument generalized to all genetic disorders 

causing immune deficiency.  
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All possible combinations of the categories in table 1 are possible. For example, 

wounds can be infected, smoking and familial hypercholesterolemia is not a rare 

combination, and AIDS patients suffer from opportunistic infections. Combinations of 

etiological groups explain the enormous variety of multi-etiology disorders. 

 

Because they are often identified with certain IR (see above) the words allergy, 

infection, and autoimmunity are ambiguous and lead to misunderstandings. The 

following definitions overcome these problems. 

 

Infection, allergy and autoimmunity are ternary complexes consisting of an etiological 

agent, a primary affected organ and some IR. 

 

• Infections are diseases consisting of microorganisms, the primary 
affected organ and an IR.  

• An allergy is a disease consisting of IR towards environmental 
molecules and some primary affected organ.  

• In autoimmunity immune tolerance towards the self is broken and an 
IR is directed towards the host’s antigens.  

 
Degree 

Degree is used differently in various contexts. In pathology and in association with 

cell and tissue morphology the degree ranks the deviation from the normal structure. 

Dysplasia is of degree 1-4. Some neoplasias such as astrocytoma are assigned 

degree 1-4. Novel molecular insights into brain tumors refines the classification of 

brain tumors (van den Bent 2018). Lymphoma is graded on the basis of spread of 

disease, weight loss, temperature and sweating. Monoclonal gammopathy of 

uncertain significance (MGUS) can be set to degree 0 while multiple myeloma is 

graded in stage 1-3 (Palumbo 2015, Kastritis 2017). 

 

The degree of a disorder or disease depends on the etiologic agent’s virulence, the 

body part’s vulnerability and the repair process. The degree generally increases with 

increasing virulence, increasing toxic chemical dose or long duration of exposure. The 

overall degree of a patient’s functioning is measured by several scales,  the Karnofsky 

scale and the five-grade ECOG performance scale (ECOG 2015) A series of 

classifications are used to give the degree of disorder from measurements of cell and 

organ malfunctions such as the New York Heart Association classification of heart 
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function (NYHA 2018). Some other scales such as the Child‐Turcotte‐Pugh score for 

cirrhosis only use degree 1-3 (Cholongitas 2005). 

 

Some have maintained that the invasion of microorganisms or their toxins into the 

bloodstream may be defined as mild, moderate or severe sepsis, or septic shock, 

“whichever is appropriate” (Jolley 2015). Sepsis with systolic blood pressure <70 is 

an emergency (Rolnick 2016), while a temperature of 39oC and a normal blood 

pressure calls for intervention with some calm – unless there are signs of serious 

threats such as meningitis, endocarditis, pneumonia, cholecystitis, cholangitis or 

pyelonephritis. Degrees 1-4 seems appropriate for sepsis. Other scales also divide in 

degree 1-4 (Samy 1994, Korhonen 2004, Criteria Committee 1994, lungcancer 2017, 

abouthf 2017, cancer 2017). 

 

Subclinical disorders, syndromes and diseases do not give rise to symptoms and 

signs whereas manifest disorders, syndromes and diseases do. CM holds degree 0 

to be equivalent to subclinical. Degree 1-4 means increasing severity of manifest 

disorders, syndromes and diseases.  

 

Time course 

The harmful effect of an agent depends on the duration of exposure. Most agents can 

be eliminated whereby the harmful action stops. Such diseases are often acute or 

subacute. Other agents such as mutations, chromosome aberrations and 

autoimmune agents tend to persist and cause a chronic disorder. 

 

Medical time course uses a discrete time dimension. The evolution of diseases is 

divided into peracute, acute, subacute, chronic and chronic remittent according to the 

rapidity of onset and duration - irrespective of the degree of the disease. 

 

There are acute and subacute exacerbations of chronic diseases, whereby the 

chronic low degree manifestations change to a more dramatic stage and revert back. 

Thus, a more plausible representation is a directed graph with arrows in various 

directions. 
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Subclinical disorder can be present for a long time. Genetic marks of malignant tumors 

are present before birth in several leukemia types and in colon cancers. The latency 

before the malignancy appears may take decades. The penetration of a genetic 

disposition depends on the genome and is modified by acquired environmental 

agents. Likewise, the incubation period varies among microbes. An etiological agent 

may be dormant for a time within the system and later be activated.  

 

Etiological agents usually inflict minor damage during the incubation time but continue 

doing so after symptoms and signs appear. Remitting disorders and IRs are often due 

to seasonal variation in exposure as is slippery ice causing hip fractures, yearly 

variation in exposure to infectious agents – typically influenza - and allergens.  

 

Prognosis 

Prognosis is about the outcome of disorders, syndromes and diseases in regard to 

both health, degree of disorder and survival. Pathologists and clinicians treat 

prognosis differently. 

 

Pathologists use benign and malignant to describe the morphological appearance of 

tumors. The prognosis of malignancies is judged from the presence of metastasis, 

number of mitoses, variation in cell size, nuclear malformation and cytogenetic 
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abnormalities. Typical examples are malignant melanoma, benign mammary 

adenoma and malignant lymphoma. 

 

In a clinical context prognosis refers to the outcome of a disease in terms of health or 

survival. Accordingly, it is usual to discriminate between benign and malignant arterial 

hypertension. For the clinician, prognosis also depends on function. The 

correspondence between prognosis in pathology and clinical is not one-one.  

 

Describing the clinical prognosis of a disease requires a time reference and an 

endpoint. The time to recovery and death are common endpoints. The time reference 

is needed to judge the rate of change in degree. The endpoint informs about the 

amount of change of the degree and the finally attained degree of disease. 

 

The prognosis of disorders is benign (good), semi-malignant (bad) or malignant (very 

bad). Typical examples of etiologies with benign prognosis are minor infections and 

small trauma. All cured disorders had benign prognosis. 

 

The etiology profoundly affects the prognosis. Divide etiological agents into those that 

are eliminated from the system and those that are activated or return or persist 

permanently. Preventing against exposure to allergens relieves that problem. 

Vaccination prevents certain infections. Diminish or prohibit exposure to etiological 

agents’ better prognosis. 

 

Diseases that cannot be cured are chronic. Four types of chronic disease are 

distinguished: stable, episodic, remittent and progressive. Stable diseases reach a 

maximum degree and remain by the same degree. Episodic diseases are 

characterized by a cyclic behavior starting from degree X, with gradually increasing 

degree followed by a return towards degree X. Typical episodic diseases are allergies 

due to seasonal variations in pollen concentration. More esoteric diseases like cyclic 

neutropenia are also observed. Remittent diseases also recur and cycle between two 

or more degrees, but more irregularly than the episodic. In progressive diseases the 

function of body parts gradually deteriorates to degree 4 and eventually death. 

 

The word remission is also related to prognosis and means a transient bettering. A 

partial remission is a bettering to a lower degree, but above degree 0. Complete 
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remission means that degree 0 has been attained. However, remission, such as after 

treatment of leukemia, means that the disease may progress to a worse degree.  

 

Disorders, syndromes and diseases may be qualified by degree, time course and 

prognosis. These criteria conflicts with Hofmann’s claims cited above (Hofmann 2017) 

and confirm the abundant prototypes diseases in ICPC-2 and ICD-10 that contain the 

same criteria used here. 

 

Uses of CM 

Models are vehicles for understanding (Lander 2015). CM is vastly simpler than the 

accumulated data that produced it. Indeed, CM aids the understanding of complex 

clinical situations and facilitates explaining them. 

 

CM has the advantage of being easy to explain. There are only three major domains, 

and they are populated by a few elements. The relations between etiology, organ 

disorders and pathogenesis are causal and clear. Therefore, the systems model is 

attractive for explaining to the patient what she is suffering from. In addition, the model 

is easy to explain to the general population. Finally, in my experience students of 

physiotherapy, nursing, medicine and medical informatics rapidly learn the principles. 

They even reason about basic clinical problems after a few lessons. 

 

Primary care (PC) covers a vast range of disorders and diseases. PC mainly operates 

at a macroscopic level and uses clinical biochemistry and microbiology as aids. An 

ontology for clinical decision-making (CDS) and computerized clinical decision 

support systems (cCDSS) requires a CM that can be formalized (Bassøe 2007). CM 

lays the foundation for such work. 

 

CM takes neurobiology, emergent functions, social protocols and the patients’ 

psychosocial history into account, and is well adapted to psychiatry. CM recognizes 

both socio→psycho→somatic and somato→psycho→social paths associated with all 

disorders and diseases, and accords with the biopsychosocial disease model, which 

can now be put to use. 

 

There is a surprising normative question that is associated with each physician’s 

private CM. What knowledge should one demand of physicians in primary care, 
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internal medicine, surgery and hematology? Should a well-defined cluster of 

knowledge define each specialty? If so, how can these clusters be defined? CM 

provides a common framework for all medical specialties. 

 

It is reasonable to infer from the high number of ontologies that there are many 

possible medical models. In particular, when medicine is divided in specialties and 

subspecialties the number of models seems unlimited. This complexity hinders the 

development of ontologies for wide medical domains and carries a tremendous cost. 

In contrast, CM creates one model that can be used for all specialties. And facilitates 

the development of ontologies. 

 

CM serves as model for formal medical language. It is also used to interpret formulas 

that generate diagnoses (Bassøe 2018b). The CM also provides an empirical clinical 

model that can be matched to a formal CM (Bassøe 2018c). The latter interprets the 

formal medical language achieving a two-step relation between the language and 

reality. This construct forms a medical theory. 

 

CM adapts to all levels of resolution. The connections between and within the body 

parts are supplemented with novel facts from clinical research. CM grows with the 

knowledge of medicine. CM challenges Hesslow’s assumption that there is no disease 

(Hesslow 1993). Rather, the present results show that there is biopsychosocial theory 

of disease. 

 

Validation 

CM is derived from morphologic facts accumulated since Vesalius. Today the facts 

are corroborated by complementary investigations in clinical practice, for example 

computer tomography, magnetic resonance image and ultrasound. At the microscopic 

level microscopy, scanning and transmission electron microscopy, fluorescence 

microscopy, and confocal scanning fluorescence microscopy empirical observations 

(facts) fit together. 

 

CM has been used in teaching medical students, physiotherapists and master 

students in health informatics. It has not been formally evaluated, but exam results 

and official blind folded student inquiries at the Norwegian University of Science and 

Technology suggest that the method worked well. 
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Conclusions 

The present study describes a CM of health and disease. The general body part, 

etiology, virulence and pathogenesis unify a high number of facts and regularities. 

The etiology generalizes Robert Koch’s postulates to all etiological agents. The 

general organ allows structured analysis of all disorders of morphology and function 

including emergent functions. Clearly, the fundamental concepts of clinical medicine 

are considered. CM is easy to understand and has explanatory relevance for lay 

persons, patients and heath personnel. CM may be useful for clinical decision-making 

and decision support systems and offers a unified basis for medical classification and 

ontology development. These are themes are exposed in accompanying publications. 

 

Methods 

This is a practical empirical study based on 40 years varied personal experience in 

clinical and laboratory medicine. It is supplemented with broad and deep literature 

review on published empirical clinical studies. 
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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 found in afferent peripheral nerves, not in the 
brain. 
Levine J. Materialism and qualia: the explanatory gap. In: Heil J (Ed.) Philosophy of 
mind. A guide and anthology. Oxford UP, Oxford, 2011, pp. 772-80. 
 
b The words virulent/virulence and pathogenic/pathogenesis are often used 
interchangeably. This study does not use pathogenic because of its possible 
confusion with pathogenesis. Here the two concepts are sharply discriminated. The 
present definitions accord with their use in textbooks of internal medicine and primary 
care. 
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C This is called autoinflammatory diseases (AID) but this is not an inflammation. In my 
opinion AID is a misnomer.   
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