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General physiology

Chapter 1. PHYSIOLOGY OF EXCITABLE TISSUES AND REGULATORY MECHANISMS OF THE BODY FUNCTIONS. PHYSIOLOGY OF MUSCLES.
Theme 1. The aim of physiology. The structure and the functions of the cell membrane. Transport across cell membrane.  

1.1.1 Introduction to human physiology. The aim and methods of human physiology.

1.1.2 The structure and the functions of the cell membrane.
1.1.3 Transport of substances across cell membrane (microtransport, macrotransport).
Theme 2.  Resting membrane potential. Action potential. Propagation of action potential. 

1.2.1 Membrane potential. Measuring membrane potential. Resting membrane potential of nerve. 
1.2.2 Action potential. Voltage-gated sodium and potassium channels. Threshold. Acute local potentials. Refractory period.

1.2.3 Propagation of action potential. Special characteristics of signal transmission in nerve trunks (myelinated and unmyelinated nerve fibers). Functional classification of nerve fibers.
Theme 3. The physiology of the nervous cells and synapses.

1.3.1 Neuron as basic functional unit of the nervous system. Central nervous systems synapses. Types of the synapses. Physiologic anatomy of the synapse. The mechanism of neurotransmitter release. 
1.3.2 Electrical events during neuronal excitation. Chemical substances that function as excitatory neurotransmitters. The ionic mechanism of EPSP (excitatory postsynaptic potential). Generation of action potential in the initial segment of the axon. 

1.3.3 Electrical events during neuronal inhibition. Chemical substances that function as inhibitory neurotransmitters. The ionic mechanism of IPSP (inhibitory postsynaptic potential). Postsynaptic, presynaptic, recurrent, reciprocal, lateral inhibition.

1.3.4 Transmission and processing of signals in neuronal pools. Organization of the neuronal pool. Facilitation and inhibition. Convergence and divergence. Afterdischarge. Stability and instability of the neuronal circuits. .
Theme 4. Physiology of muscles and neuromuscular junction. 

1.4.1 Functional anatomy of the skeletal muscle. Structure of the muscle fiber. Molecular characteristics of the contractile filaments.

1.4.2 Neuromuscular junction. Transmission of excitation in NMJ. Action potential of the muscle. Drugs affecting transmission in NMJ. 

1.4.3 Molecular mechanism of muscle contraction. Excitation-contraction coupling. "Walk-along" mechanism. Mechanism of muscle relaxation. 

1.4.4 Types of contraction. Slow and fast motor units. Types of summations of contraction.

1.4.5 Characteristics of smooth muscles.
Chapter2. PHYSIOLOGY OF CARDIOVASCULAR SYSTEM. PHYSIOLOGY OF BLOOD.
Theme 1. Physiology of the heart. Blood circulation: pressure, flowand rezistance.
2.1.1 Physiology of cardiac muscle. Physiological peculiarities of the cardiac muscle (excitability, conductibility, contractility (principle „all or nothing”), rhythmicity, refracterity, tone). 
2.1.2 The cardiac cycle, its phases and their duration. Function of the valves. Pressure in atria and ventricles during each phase of the cardiac cycle. Aortic pressure curve. Stroke volume and cardiac output.
2.1.3 Specialized excitatory and conductive system of the heart. The origin of cardiac automaticity. Gradient of cardiac automaticity (Stannius experiment). Control of excitation and conduction in the heart.
2.1.4 Cardiac output, venous return, and their regulation. Normal values for cardiac output at rest and during activity. Control of cardiac output: Frank-Starling (heterometric) mechanism of the heart and homeometric mechanism. Hypertrophy of the heart. Pathologically high and pathologically low cardiac outputs.
Theme 2. Regulation of the circulation, cardiac output and arterial pressure.
2.2.1Physical characteristics of the circulation. Basic theory of the circulatory function. Interrelationships among pressure, flow, and resistance.Arterial pressure. Systolic and diastolic pressures, normal values. Mean arterial pressure.
2.2.2 Nervous regulation of the circulation. Role of the nervous system in rapid control of arterial pressure. Reflex mechanism for maintaining normal arterial pressure. Central nervous system ischemic response. Special features of nervous control of arterial pressure.

2.2.3 Dominant role of the kidney in long-term regulation of arterial pressure and in hypertension: the integrated system for pressure control. Renal-body fluid system for arterial pressure control. The renin-angiotensin system: its role in pressure control and in hypertension.
2.2.4 Structure of the microcirculation and capillary system.  Exchange of water, nutrients, and other substances between the blood and interstitial fluid. Control of cardiac output: Frank-Starling (heterometric) mechanism of the heart and homeometric mechanism. Lymphatic system.Edema.
2.2.5 Local and humoral control of blood flow by the tissues. Flow of blood in the capillaries – vasomotion. Local control of blood flow in response to tissue needs. Acute and long-term control of local blood flow. Humoral control of the circulation.
Theme 3. Clinical physiological methods for studying heart activity.
2.3.1 Clinical methods for measuring and recording arterial pressure. Respiratory and vasomotor waves of the arterial pressure. Auscultatory method for measuring arterial pressure.

2.3.2 Heart valves. Heart sounds, causes, characteristics, chest surface areas for auscultation. Phonocardiogram. Heart murmurs.
2.3.3 Characteristics of the normal electrocardiogram. Methods for recording electrocardiogram. Flow of current around the heart during the cardiac cycle. Electrocardiographic leads. 
2.3.4 Electrocardiographic interpretation. Principles of vectorial analysis of electrocardiograms.Vectorial analysis of the normal electrocardiogram. Electrical axis of the normal electrocardiogram. 
Theme 4. Blood functions. Blood constants. Blood cells. Hemostasis and blood types.
2.4.1 Blood, functions, volume, composition and blood constants. Blood plasma. Plasma proteins.

2.4.2 Red blood cells, their function. Life span. Hemolysis, types. Erythrocyte sedimentation rate. Erythrocytosis (physiological and pathological). Hemoglobin. Hemoglobin compounds. Anemias.
2.4.3 Leucocytes. Types of leucocytes, life span. Protective function of neutrophils, monocytes, macrophages. Eosinophils, basophils. Leucocytosis (physiological and pathological). Leucopenia.

2.4.4 Blood types and blood transfusion. Agglutinogens, agglutininsand their role. Hemolysis after transfusion. Rhezus factor. The immune response induced by rhesus factor. Importance for blood transfusion. Fetal erythroblastosis. Blood substituents.

2.4.5 Events in hemostasis. Mechanism of Blood Coagulation.
2.4.6 Conditions that cause excessive bleeding. Thromboembolic conditions. Anticoagulants for clinical use. Blood coagulation tests
Chapter 3. FLUIDS. EXCRETION. ENDOCRINE GLANDS. AUTONOMIC NERVOUS SYSTEM. 
Theme 1. Fluids. Excretion.
3.1.1 Functions of water. Water input and output are balanced in steady conditions Extracellular and intracellular compartments.Composition of extracellular and intracellular fluids. Fluids from potential spaces of the body.

3.1.2 Functional anatomy of the kidney. Structure and function of nephron. Renal blood flow, blood pressure in renal vessels, function of peritubular capillaries.

3.1.3 Glomerular filtration, factors affecting filtration. Net filtration pressure. Autoregulation of    filtration. Volume and composition of glomerular filtrate.

3.1.4 Formation of final urine Tubular reabsorption and secretion. Active transport across tubular membrane. Passive reabsorption.

3.1.5 Nervous and hormonal regulation of renal functions. Micturition.

3.1.6 Acids and bases—their definitions and meanings. Buffering of hydrogen ions in the body fluids. Acidosis and alkalosis. Respiratory regulation of acid-base balance. Renal control of acid-base balance.The primary disturbance of ABB. 
Theme 2. Endocrine glands (1).
3.2.1 Functions of endocrine system. Common traits and characteristics of hormones. Mechanism of action of hormones (membrane and intracellular receptors).

3.2.2 Anterior pituitary gland. Hypothalamic-pituitary portal system. Neurosecretion, releasing hormones and inhibiting hormones. Hormones of anterior pituitary gland and their function. Abnormalities of growth hormone secretion.

3.2.3 Hypothalamic-pituitary tract, function of the hormones from posterior pituitary (oxytocine, ADH). Regulation of secretion of ADH. Abnormalities of ADH secretion.

3.2.4 Thyroid gland. Hormones of thyroid gland (thyroxin, triiodthyronin). Mechanism of action and effects of thyroid hormones. Regulation of secretion of thyroid hormones. Hypo- and hyperthyroidism. 

Theme 3. Endocrine glands (2). 
3.3.1. Endocrine pancreas. Functions of insulin. Regulation of secretion of insulin. Diabetes mellitus. Functions of glucagon. Regulation of secretion of glucagon.

3.3.2 Adrenal gland. Hormones of adrenal cortex. Function, mechanism action and regulation of secretion of aldosterone. Function, mechanism action and regulation of secretion of glucocorticoids. Hypocorticism (Addison's disease), hypercorticism (Cushing's disease), steroid diabetes.

3.3.3 Functions of androgens. Mechanism of action of testosterone. Regulation of sexual function by gonadotropic hormones.

3.3.4 Female sexual hormones. Function of ovarian hormones on primary and secondary sex traits. Regulation of secretion of female sex hormones.
Theme 4.  The autonomic nervous system and the adrenal medulla.
3.4.1 Functional anatomy of sympathetic nervous system. Nuclei in CNS, pre- and postganglionic neurons, neurotransmitters and receptors (adrenergic and cholinergic receptors). Effects of SNS on body functions.

3.4.2  Functional anatomy of parasympathetic nervous system. Nuclei in CNS, pre- and postganglionic neurons, neurotransmitters and receptors (N and M cholinergic receptors). Effects of PsNS on body functions.

3.4.3 Functions of adrenal medulla. Alarm response of the sympathetic nervous system.

Semester II.
Orofacial physiology
Chapter 4. BASAL METABOLIC RATE AND THERMOREGULATION. 

PHYSIOLOGY OF RESPIRATION. DIGESTION.
Theme 1.  Regulation of food intake. Basal metabolic rate and thermoregulation.

4.1.1 Nervous centers, neurotransmitters and humoral factors involved in regulation of food intake. Mechanism of short-term, mid-term and long-term regulation. 

4.1.2 Basal metabolic rate and total metabolic rate, normal values, conditions for assessment and factors which influence BMR and TMR. Methods of assessment of BMR, respiratory coefficient and caloric equivalent of O2.

4.1.3 Normal values of body temperature, thermoregulation. Heat production and heat loss. Center of thermoregulation, receptors and changes in heat production and heat loss.
Theme 2. Pulmonary ventilation. Gas diffusion in lungs and tissues.

4.2.1 Biomechanic of breathing. Pleural, alveolar and transpulmonary pressures, and their changes during respiratory cycle.The role of surfactant. Atelectasis, its causes. Pneumothorax.
4.2.2 Pulmonary ventilation, volumes and capacities. Anatomic and physiologic “dead space”. Alveolar ventilation.
4.2.3 Nervous and humoral control of bronchial tonus. Evaluations of maximum expiratory flow, forced expiratory expiratory volume.
4.2.4 Gas diffusion in lungs and tissues and factors which determine it. Partial pressures of O2 and CO2 in alveoli, arterial blood, venous blood and tissues.

Theme 3. Transport of gases in blood and tissues.  Regulation of breathing

4.3.1 Transport of oxygen in the blood. Oxygen-hemoglobin dissociation curve, its characteristics and factors that shift this curve. Oxygen content in arterial and venous blood.

4.3.2 Transport of carbon dioxide in the blood – forms and importance of carbonic anhydrase. Carbon dioxide content in arterial and venous blood.

4.3.3 Respiratory center in the medulla oblongata and pons. The role of spinal cord in regulation of respiration. Control of respiration by upper nervous centers (hypothalamus, limbic system, cortex).

4.3.4 Nervous and chemical control of respiration. Central and peripheral chemoreceptors. Hering-Breuer reflex. Respiratory protective reflexes. Control of respiration in hypoxemia and hypercapnia.
Theme 4. Secretor functions of the gastrointestinal tract. Motor functions of the digestive system. Absorption.
4.4.1 Gastric secretion. Characteristics of secretion, amount and role of the components of the gastric jiuce. Mechanism of secretion.  Nervous and hormonal regulation and phases of secretion.

4.4.2 Secretion of pancreatic juice, components, amount and characteristics. Role of the components and regulation of secretion.

4.4.3  Secretion of bile by liver and functions of biliary tree. Components , amounts and characteristics of bile secretion. Role of the bile components. Regulation of bile secretion.

4.4.4 Secretion of small intestine, amount, composition, characteristics of the intestinal secretion, mechanism and regulation of the  secretion of the small intestine. Secretion of the large intestine, components and regulation of secretion.
4.4.5 Motor functions of the stomach. Types of contractions, origin and their role. Evacuation of gastric content to the duodenum and regulation of  this process.

4.4.6 Motor functions of the small intestine and colon - types of contraction and their role. Regulation of the motor activity of the small intestine and colon.

4.4.7 Basic principles of the gastrointestinal absorption. Absorption in small intestine. Absorption in colon.  
Chapter 5. PHYSIOLOGY OF ORAL ENVIRONMENT. 
Theme 1.  Physiology of salivary secretion. Mechanism of secretion, composition and characteristics.  Regulation of salivary secretion.
5.1.1 Characteristics of the oral mucosa. Secretory function. Buffer function. Permeability of tissues in the oral cavity. Peculiarities of absorption.  Regeneration of the oral mucosa

5.1.2 Oral and gingival liquids, composition and physiologic role. Microflora of the oral cavity. Dysbacteriosis. Dental plaque. Halitosis. 

5.1.3 Salivary glands, functions. Functional Particularities and classification of the salivary glands. Hormones of salivary glands.

5.1.4 Salivary secretion. Functions of the saliva.  Physical properties, constants and content of the saliva. Mechanism and phases of secretion. Primary and secondary saliva.  Salivary flow. Enzymatic effects and role in digestion. 
5.1.5 Nervous  regulation of salivary secretion. Saliva bulbar center. Parasympathetic and sympathetic innervation of the salivary glands. Sympathetic and parasympathetic stimulation effects. The role of the cortex, hypothalamus and spinal cord in regulating the secretion of saliva. Humoral regulation.
Theme 2. Physiology of teeth, periodontium and gums. Ca++ and P metabolism. Mastication. Methods of assessment of  masticator system.
5.2.1 Tooth and its components: hard tissues (enamel, dentine) and soft tissues (dental pulp), physiological role. Nervous structures of the tooth. Development of the teeth, teeth eruption. Chemical structure of the tooth.

5.2.2 Physiology of the periodontium and gums. Periodontium, special characteristics of its components (periodontium, cement, alveolar bone and gingiva). Functions of dentate organ.

5.2.3 Role of Ca++ and phosphates in mineralization of the teeth. Hormonal regulation of calcemia and phosphatemia. 

5.2.4 Parathyroid hormone, calcitonin: action, effects, their role in regulation of metabolism of Ca and phosphates in tooth tissue. Vitamin D and its metabolits. Regualtion of secretion of PTH and calcitonin. Abnormalities of PTH secretion.

5.2.5 Metabolism of Magnesium and Fluor, their role in mineralization of the teeth. Dental caries. Fluorosis.     
5.2.6 Intermaxillar relations in resting conditions. Intermaxillar relations in mastication. Contraction of the mimic muscles and tongue. Movement in temporomandibular joint. Characteristics of masticator pressure.

5.2.7 Deglutition. Phases of deglutition. Primary and secondary peristaltic waves. Abnormalities of deglutition. 

5.2.8 Methods of assessment of  masticator system (Masticatiography, gnathodynamometry, myotonometry, electromasticatiography). Phases of mastication. Functional tests  for assessment the efficiency of mastication.
Theme 3. Physiology of sensory systems. Sensitivity of oral mucosa, taste reception. General and stomatognathic pain sensitivity.   

5.3.1 Notion of sensory system. Components of sensory system. Receptors, classification, mechanism of excitation. Weber-Fechner's law. Adaptation of receptors, mechanism of adaptation. 
5.3.2 Sensory function of the maxillofacial system, types of sensations. Thermal orofacial sensitivity. Static and phasic tactile receptors, receptors for heat and cold. Pathways and cortical area of the tactile sensory system.
5.3.3 Taste perception and functional traits of the taste organ. Taste bud, taste pathways and taste cortical area. Mechanism of taste reception. Methods of assessment of taste sensitivity. Abnormalities of taste. Functional relation of taste and smell  sensory systems.
5.3.4 Stomatognathic pain sensitivity.   Nociceptive system of trigeminal nerve. Ascending pathways of the of the trigeminal complex. Toothache (dentalgia). Receptors, pathways and cortical area of dentalgia. Referred pain in dentistry.

5.3.5 Antinociceptive system in pain modulation. Levels of antinociceptive system. Endogen mechanisms (urgent, short-term and long-term, tonic) of pain modulation. Physiological basis of analgesia in dentistry. Anesthesia.      
 Chapter 6. PHYSIOLOGY OF SENSORY SYSTEMS. MOTOR NEUROPHYSIOLOGY. CEREBRAL CORTEX AND INTELLECTUAL FUNCTIONS OF THE BRAIN. 
Theme 1. Tactile sensations and smell. Hearing.
6.1.1 Skin sensory system. Types of skin receptors. Pathways and cortical somatosensorial area. 
6.1.2 Olfactory system. Receptors, sensory nerves, cortical centers. Mechanism of olfactory perception. 
6.1.3 Tympanic Membrane and the Ossicular System. Conduction of Sound from the Tympanic Membrane to the Cochlea. Transmission of Sound Through Bone. 

6.1.4 Cochlea. Functional Anatomy of the Cochlea. Transmission of Sound Waves in the Cochlea—“Traveling Wave”. Function of the Organ of Corti. Determination of Sound Frequency-The “Place” Principle. Determination of Loudness.

6.1.5 Central Auditory Mechanisms. Auditory Nervous Pathways. Function of the Cerebral Cortex in Hearing. Determination of the Direction from Which Sound Comes. Centrifugal Signals from the Central Nervous System to Lower Auditory Centers. Hearing Abnormalities. Types of Deafness.
Theme 2. Vision.
6.2.1 Vision. Optic system of the eye. Abnormalities of refraction and correction. Accommodation of the optic system and mechanisms of accommodation. Binocular vision.
6.2.2 Structure of retina. Photochemical processes in retina. Color vision, mechanism. Abnormalities of color vision.
6.2.3 Neurophysiology of vision, visual pathways, visual cortical center. Visual field. Visual field abnormalities. 
Theme  3. Motor neurophysiology I. 

6.3.1  Organization of the spinal cord for motor function. Muscle receptors (muscle spindles and tendon organs Golgi) and their role in muscle control. Stretch reflex. Golgi tendon reflex.  
6.3.2 Role of the brain stem in controlling motor function. Support of the body against gravity – roles of the reticular and vestibular nuclei.
6.3.3 Vestibular sensations and maintenance of equilibrium. 
6.3.4 Primary motor cortex. Premotor area. Supplementary motor area. Neural pathways from the motor cortex to the muscles. Incoming sensory fiber pathways to the motor cortex. Extrapyramidal system.  
6.3.5 Cerebellum and its motor functions. Functional anatomy of the cerebellum. Neuronal circuits of the cerebellum.  Function of cerebellum in overall motor control. Clinical abnormalities of the cerebellum.

Theme  4. Motor neurophysiology II. Cerebral cortex and intellectual functions of the brain.
6.4.1 Motor functions of the basal ganglia. Function of the basal ganglia in executing patterns of motor activity - the putamen circuit. Role of the basal ganglia for cognitive control of sequences of motor patterns - the caudate circuit. 

6.4.2 Cerebral blood flow. Cerebrospinal fluid system. 
6.4.3 Physiologic anatomy of the cerebral cortex. Functions of specific cortical areas.Association areas. Function of the brain in communication – language input and language output. Function of the corpus callosum and anterior commissure.

6.4.4 Functional anatomy of the limbic system. Behavioral functions of the hypothalamus. 
6.4.5 Memory. Memory – roles of synaptic facilitation and synaptic inhibition. Short-term memory. Intermediate long-term memory. Long-term memory. Consolidation of memory. Antero- and Retrograde amnesia.
6.4.6 Wakefulness and sleep. Types of sleep – slow-wave sleep (orthodoxical) and rapid eye movement sleep (paradoxical), their characteristics, duration. Basic theories of sleep. Cycle between sleep and wakefulness. Brain waves (EEG)
