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THE LECTURE:
THE URINARY SYSTEM.
The plan of the lecture
l.The place of the urinary system in the regulation of vital function of the organism.

2.The urinary system.
2.1. The parts of the urinary system and their description.

2.2 .General description of the organs in phylogenies.
2.3 .The development of the kidneys and urinary tract.
2.4 .The historical aspects of the study of the urinary system.
2.5 .The functional anatomy of the kidneys.
2.6 .The functional anatomy of the urethers, the bladder and the urethra. 
3.The significance of the urinary system in the development of the organism, clinical aspects.

The internal organs may be into systems according to their function: the digestive system, the respiratory system, the vascular system, the urinary and the generative systems. The latter two are usually regarded together, because they have similar development. They are also anatomically connected in the caudal part. Today's lecture is devoted to the functional anatomy of the urinary system.

In practice the dysfunction of the heart or respiration is considered to be a serious condition, but the dysfunction of kidneys is considered to be the critical condition. It is explainer by the fact that the water with the solved product of metabolism exudes from blood into system of tubuli urinifery. And dysfunction of the kidneys leads to accumulation of these product of metabolism, what may cause death.

The Urine , formed by filtrating of the blood flows through the kidneys and then along the urinary tract consist of the urethers, the bladder and the urethra. Its necessary to pay attention to their names in Latin: urether and urethra sound semilunar, the bladder in Latin is vesica urinaria.

To understand the function, the structure, the topography, the relations and the abnormalities, which practical doctor may meet rather often, it is necessary to know the development of these organs in phylo-and ontogenesis. The urinary system is developed from mesoderm.

The most important urinary organ- the kidney - goes through three stages in the evolution of vertebrates. These stages repeat in ontogenesis of human , and that's the proof of the dialectical laws of unity and conflict of opposites. These three generation of the kidney are: The pronephros or wolffian body and the permanent kidney-metanephros.

The PRONEPHROS is the most ancient and the simplest of all the urinary organs and appears in embryos of all vertebrates, but usually undergoes atrophy and adult organisms don't have it except some species of Fishes. In human pronephros function of the third week of embryonal development during 40-60 hours, and then it is superseded by the mesonephros.The pronephros consist of a series of transverse tubules which open into a duct, that communicates with the cloaca. Each pronephric tubule communicates by means of a funel-shaped, ciliated opening with the coelomic cavity, and in the course of each duct a glomerulus is also developed, connected with the vascular system.

The MESONEPHROS appears in the human embryo at the 3-4 week of embryo's development and develops from the mesoderm (so the pronephros does). It consist of segmental tubules, but there are more of them , than in the pronephros, they are longer and more twisted. The internal extremity of a tubule doesn't communicate with the coclom yet, and is invaginated by a tuft of capillary blood-vessels to form a glomerulus.The junction of the glomerulus and tubule's extremity, wich is dilateted and form a capsula is called corpusculum renales( Latin ) or Malpigia body.The opposite, external end of each tubule opens into the duct left, from the pronephros. The mesonephros was described by academician. Wolf, and in honour of this the Wolffian body, and the duct is called the Wolffian duct. The latter takes part in forming of the permanent kidney. Unlike the pronephros, the mesonephros has following features: Lit doesn't open directly into coelon;

2-Glomeruluses don't communicate directly with the urinary system; 3-The capsula appears, the Malpighian body.

The development of the PERMANENT KIDNEYS (metanephros) begins at the second month of embrional development from the metonephronetic tissue, that is situated in pelvis region. It forms the nephrons of the permanent kidney. The Wolffian duct also takes part in forming of the permanent kidney. It forms the ureterical spisule approximately on the level of 1 sacral vertebra. The mesodermal duct forms the ureterical spicule (from its wall); the spicule, communicating with the metanephrogenic tissue, dilatates, and thus the rudiment of the pelvis of the kidney forms. The latter divided into two spicules-the rudiment of the future calyces or infundibula. The ureterical spicule forms the urether , the pelvis, the large and small calyces and the medullarry substance. The metanephrogenic tissue forms the cortical substance of the kidney. I should mention, that before the birth grows mostly the medullary substance By the birth there is about a million of nephrons formed. The Malpighian body's enlarge then and the tubules iriniferi grow longer and wider.

As you can see , during the ontogenesis the repealing of the stages of phylogenesis takes part, i.e. the ontogenesis in the shorted form repeads the phylogenesis, what is defined by the Beker's low (19 century) .Severtzev added that the ontogenesis influece the phylogenesis.

During the development of the urinary system, the change of the stages of the development of the kidney and the complication of their structure from stage to stage take part. The permanent kidney functions since the 3d month of the uterine life, when the mesonephros degenerates. The complication of the development of the kidneys may cause different abnormalities of the development of the kidneys. The kidneys may delay while ascending from the pelvis. The two kidneys may be fused together. They may be completely united, forming a disc-like kidney or they may be only joined together by the ends and form a " horseshoe". Sometimes the parts, forming a kidney don't grow together-that's a pathology of the uretherical spicule, mesonephrical duct and the metanephroid tissue. As a result the tubules uriniferi don't connect with the urether and the urine that excludes in them destroy the tissue of a kidney, the cavity gets full and the congenital cystose kidney develops.

The main organ of the urinary systems is the KIDNEY (ren, nephros). The inflamation of the kidney is called nephritis. It's weight is 120-200 grammes; if it's weightr is higher then it is considered as a hypertrophy. The lenght of a kidney is 10-12 cm, the breadth is 5-6 cm the thickness is 4 cm.The kidney's are usually beack-shaped, though their shape may vary.
The shape of the kidney changes with the age. In the adult the kidney's surface is smooth, only in several cases there could be the grooves which show the lobulated structure of the organ. Those grooves gradually disappear. The shape may be various: the kidney may have a rounded shape or it may be wide and short or it may appear long and narrow, ellipsoid.
The kidney is situated at the back part in the abdominal cavity in the retroperitoneal space.

The kidneys are placed obliquely , their lower ends diverge: the distance between them is 11 cm, and the distance between the upper ends is 8 cm. The left kidney is placed a little higher then the right one, probably on account of the vicinity of the liver. In the corpse the left kidney is placed on a level of the middle of the 11 dorsal vertebra to the upper border of the 3 lumbar vertebra. The right one is situated a half of a vertebra lower (from the upper border of the 12 thoracic vertebra to the middle of the 3 lumbar vertebra).

The location of the kidneys is an individual thing-11% of female and 40% of male have the lower extremity of a on level of the crest of the ileum. By the moment of the birth the kidneys are located in the iliac fossa on a level of the lower lumbar vertebrae. After the birth, especially in the first two years, the kidneys move upwards because of their growth and the growth of the spinal column and the lower extremities of the kidneys locate higher. The kidney changes its location with the breath-the lower end may shift up to 8 cm. Knowing the location of the kidney relatively the skeleton (the sceletopy) it's simple to define it's location with the help of X-ray, i. e. rentgenologically. The kidney is covered with the distinct investment of fibrous tissue, which forms a firm, smooth covering to the organ. It the hilus it divides into two layers; one of them covers the sinus , another one-the pelvis of the kidney. This covering, also called the capsule of the kidney, can be easily stripped off. Beneath this coat, a thin wide-meshed network of unstirred muscular fiber forms an incomplete covering to the organ. The function of this muscular layer isnt known. The fibrous capsule is surrounded by a layer of adipose tissue which is especially developed at the posterior surface of the kidney. Sometimes it is called "the adipose capsule". Fascia endoabdominalis being near the external border of the kidney, Divides into two: fascia prerenalis and fascia retrorenalis. These two layers make their way toward the hilus, where the fascia retrorenalis adheres to the bodies of the lumbar vertebrae and the fascia prerenalis grows together with the same one the opposite side. The layers grow together upwards, their lower borders don't grow together. Therefore the kidneys may sink down in case of sharp growing thin. The kidney is located at the back wall of the abdomen, where the muscles form a matrix or a bad for the kidney. These muscles are: the muscles quadratus lumborum, which is situated between the 12th rib and the crest of ileum, and musculus psoas major, which arises from the transverse processes of the lumbar vertebrae and inserts into the lesser trochanter of the femur. The location of the kidney is also influenced by the abdominal pressure created by the tone of abdominal and peroneal muscles. Certain influence on the kidney's location is made by the kidney's pedide-vessels and ureter, i.e. the structures passing in and out of the hilus. Their relative position is : the vein in front, the artery in the middle, and the duct of urether behind and directed downwards.

As you could see , the kidney is fixed in the defined physiological position by the following elements:

I. The kidneys capsule. 
2.The muscular matrix (bed) for kidney. 
3. The adipose capsule. 
4.The abdominal pressure. 
5.The kidney's pedicle - vein, artery and urether.
In order to obtain a knowledge of the structure of the kidney, a vertical section must be regarded .The section shows that the kidney consist of the cortical and the medullar substance. The cortical substance has 7 mm in thickness and more light in color, the medullar substance has more violet color .The cortical substance is a solid superficial layer of parenchyma, and the medullar substance is made up of a number of dark-colored pyramidal masses, the pyramids of Malpighi ( each kidney has about 10-15 pyramids), the bases of which rest on the cortical part, while their apices converge towards the sinus , where they form prominent papillae, which project into the inferior of the calices. The papillae surface appears to have a lot of little openings- the ends of the straight by the layers of the cortical substance, the cortical columns or columnae Bertini. Each pyramid of the medullar substance together with connected to it cortical substance form a lobe of the kidney. In infants, fissures extending for some depth may be seen on the surface of the organ, a remnant of the lobular construction of the kidney. In the cortical substance is attentively examined with a lens, it will be seen that the medullar substance penetrates into the cortical substance, being rays of a whitish color, which are made up of straight tubes. The ray, made up of the straight tubes, together with curved tubules and Malpighian, bodies (they are about a million in each kidney) are called the lobule of the kidney. To understand the function of the kidney and investigate its structure in detail, it's necessary to regard its blood supplement. One (rarely two) artery enters the hilus, where divides into interlobar arteries, which divide into arched arteries, the arched arteries divide into interlobular arteries, the interlobular arteries give off lateral branches- the afferent vessels, which form the glomerulus. From each glomerulus the efferent vessel arises, which divides into arterial capillars. The capillars unite into interlobular vein, which join the similar veins etc. until! the renal vein, which escapes the hilus and joints vena cava inferior.

The pressure in the capillar glomerulus is increased, because the afferent vessel is bigger than the efferent, and in the result the filtration of blood in the Schumlansky-Bowman capsule takes place(this capsule surround the glomerulus and has the structure of two-waited glass) .The water and salt, solved in it filtrate from blood plasma into the capsule and that liquid is the primary urine. The volume of the primary urine , exuded each day is 100-150 L. Each Malpighian body excret into the tube 0/01 cm of liquid a day. Each kidney has a million of these bodies. Flowing throught the tubules- the curved tubules of the first set, the Henle loop, In the curved tubules of the second set-the most of the water reabsorbed into the capillares, and the epithelium of a tubule excretes urea into the urine. The second set curved tubules become, straight at their ends and enter the straight tubes of the medullar rays. The straight tubules gather , making the collecting renal tubes, which enter the papillae's ducts, the lather ones end with the orifices at the apex of pyramid. Through them the urine excludes into the calices.

As you can see the structural unit of the kidney is nephron, i.e. a Malpighian body with tubule unifiers, which begins from this body.

The sinus has 8-9 little calyces, which surround the apex of the pyramid. 2-3 of little pyramids open into the little calyx, the length of the lather is 1 cm. Joing each other, they compose 2 big calyces, which gather into the pelvis of the kidney. They urine flows from the pelvis into the ureter - the tube 30-35 cm in length. The ureter connects the pelvis of the kidney with the bladder. The urine flows through the ureter constantly and contains in the bladder, where in stays until the urination.

The urine flows through the ureter rhythmically and, as seen with a cytoscope, excretes into bladder 8-10 drops a minute.

The ureter is mentally divided into three parts: abdominal, pelvic and intramural (in the wall of the bladder). That's a tube , 30-35 cm in length; the section of ureter, is not of constant measure (5-7 cm), and therefore there are distinguished a few narrow places, which are of diagnostical importance. The first of them is the place where it escapes the kidney. The second one is the place where it the abdominal part turns in pelvic; the third place is the place, where it enters the bladder. Apart of all this, all the pelvic part of ureter is narrow. Within the abdominal cavity the ureter is located at the back wall out of peritoneum and crosses the artery and the vein, which feed the testicle in male and the ovary in female.

Within the cavity of the pelvis the ureter runs in the medial direction and towards the base of the bladder. In the male it crosses the vas deferens, in the female, it the female it crosses the urine artery (two times ).lt is important for surgical operations. The distance between the ureters near the bladder is 5-7 cm.

The ureter is composed of three coats: fibrous, muscular and mucous. The muscular coat consists of two layers - longitudinal and circular.

The bladder is a hollow lined with the mucous membrane muscular organ which acts as a reservoir for the urine, which flows into it and then outside through the urethra. The urine enters the bladder through the opening of the ureters. Here the mucous membrane forms a kind of valve, so that the urine cannot go back. The bladder is located in the cavity of the small pelvis in the female and male. But in the male there are the prostate gland and the rectum behind it, and in the female there is the uterus. In the newborn child the bladder is located above the pubis.

The bladder presents a base, a body and a neck. Its apex is directed upwards and forwards, the base is directed backwards and downwards. When epty, it reminds a saucer. In the conditions of distensions it rises above the symphysis and has a shape of an egg not only its shape, but also its velations with the peritoneum: the empty one is covered extraperitonealy, the distended one is covered mesoperitonealy. In the distennded condition the anterior wall is not cavered, what is taken into account in cases of punctures, trocars of the bladder. The bladder's shape is also influenced by the neighbour organs, what may be used in the surgery of these organs. So, the shape and dimension of the bladder depends on:

-the age;
-the distension;
-the relations with the neighboring organs. The wall of bladder develops in two ways: the base, i.e. where the ureters enter, is formed of mesoderm ,and the remainder develops of the entoderm- it develops of the anterior part of the cloaca, the primary gut. The wall consist of four coats: mucous, submucous, muscular and serous. The muscular coat consist of the muscular fibers of one layer, which don't have constant direction-there are longitudinal, oblique, transversal and circular fibers. There fibers continue onto the near formations, forming the fixing apparatus of the bladder. There appear pubico-prostate, pubico-bladder, pubico-rectal fibers. The submucous layer is developed unevenly, e.g. it is absent in the trigone of the bladder. In this place the muscle gets more compact, taking part in formation of the internal sphincter of the urethra.

The volume of the bladder in adults is 500-600 cm .The average volume is considered to be 750 cm (after N.M.Batuyev). However, in case of external tension its volume may appear much bigger. The bladder isn't absolutely empty after urination, there is usually 50 cm of the urine left. The volume of the bladder in children is relatively bigger, than in adults. In the new-bom child the volume equals 8-10cm (in the corpse-50 cm ).The length of the distended bladder of the new-born child is three times more than its breadth. The volume of the bladder is influenced by the kind and habits of meals. The sexual differences of the bladder come to the features of its location and relation with the near organs. In the female the bladder is placed a little higher, than in the male. Rather frequent the bladder is placed in the pelvis asymmetrically. It is especially typical for the women because of pregnancy and/or the shift of the uterus. The fulfillment of the rectum causes temporal forward shift of the bladder.

The bladder is bound up with surrounding parts and organs with the help of fasciae, ligaments, muscular fibers, muscles of the base of the pelvis; it is also connected with the prostate gland, ureters, urethra and other organs. The apex is connected with the umbilicus by the middle umbilical ligament. At the attachment to the bladder, and becomes narrower as it ascends. This ligament is covered with the parietal portion of peritoneum and form together with it the median umbilical fold. The lower part of the bladder is closely connected with the neighboring organs. In the male the bladder is connected with the prostate gland, right and left vesiculae seminalis, and rectum; in the female it connects with the uterus and the vagina. In both males, and females the lower part of the bladder is fixed with the help of the muscle, that lift the anal part of the rectum and with the help of the pelvic fascia.

The pelvic fascia, covering the above - mentioned muscle continues in front and above onto the bladder, what then its connection with the wall of the pelvis. The anterior part of this fascia presents the lateral pubo-vesical ligaments, which are the part of the fascia, which spreads behind the bladder from one its side to another. The bladder is also fixed to the symphysis pubis by smooth muscular fibers, called the pubo-vesical muscle. The handle of nonstriated muscular fibres between the bladder and rectum is called recto- vesical muscle. The fibres of the latter are due in the male, they arise at the subserous coat of the prostate gland and the back wall of the bladder and insert at the anterior wall of the rectum. In the female this muscle is transformed into the utero-sacral ligament.

In the male the bladder is also connected to the anterior part of the peroneum by the prostate gland. In both male and female the bladder is fixed at the front and from below by the beginning of the urethra, and from behind- by the ends of the ureters. The urethra and the base of the bladder are closely connected to the deep transverse muscle of the perineum. The anomalies of the bladder. The bladder may have lateral assymetric bulges (more commonly in the female ). There are described some cases when the urethra began straightly from the apex of the bladder or near it. The rare and rather series abnormality is the cleft in the anterior, wall of the bladder-entropy. The anterior abdominal wall happens to be open, and its right and left parts above the pubis are not grown together. The bladder opened in the front and the cleft in the anterior lower part of the abdominal wall are the anomaly of the development of the cloacal membrane and the perineum. The pelvis may also be open in front and the symphysis is absent in this case. In cases of such serious anomalies the urethra is also open from above. In the female in this case develops the bifurcated clitoris.

Frequently, however, the anomalies of the bladder are its wrong location and the variations of its shape. Sometimes the bladder is placed unusually high running out above the pubic symphysis more or less. It may have also an unusual shape, i.e. in the adult, the bladder is fusiformed or piriformed, as in the new-born child or in the infant. Rather frequently (especially in the females and in the old people) the has asymmetric shape. The male urethra, uretra musculina. The longest part of the male urethra is situated in the unpaired corpus spongiosum. This is a little curved tube which extends from the neck of the bladder (the internal, proximal orifice of the urethra) to the glans of penis (the external orifice).

The length of the urethra in the adult male is 18-20 cm ,in the new-born child 5-6 cm in the age often 9-10 cm , in the beginning of the puberty period 10-12 cm .The breadth of the stretched male urethra in adult is 5-7 mm. It grows until 13-14 years. The urethra is divided into three portions , the prostatic, or proximal, the membranous, or middle and the spongy (distal) portion. According to the embryogenesis the urethra presents the posterior part (between the bladder and the orifice of the vesicates seminales) and the anterior part (distal of the latter orifice). Through the posterior part of the urethra flows only urine, through the anterior part - urine and semen. The urethra is divided also into the fixed part and the hung part.

The prostate portion of the urethra is 3 cm in length and is placed inside the prostate gland. This portion isa little curved backwards. In the middle of the posterior wall is a narrow longitudinal ridge, the veru montanum. In is slightly raised in the middle, forming the colliculus seminalis. At thet op of the latter is a short saggital cleft-the opening of the utriculus musculinus of the prostate gland. The prostatic portion is wider in the middle than at either extremity, and narrowest bellow, where it joins the membranous portion. The middle and the short portion of the urethra is called membranous or diaphragmal because it is placed inside the urogenital diaphragm- the fascio-muscular plate in the anterior part of yhe pelvis, that is connected to the pubicbones. The length of this portion of the urethra is no more than 15-20 mm.

The spongy portion of the urethra is about 15 cm in length and is situated inside the spongy body, grown together with the cavernous bodies of the penis. There are distinguished proximal and distal curves of it. The proximal curve is the subpubical curve, the distal one is the antepubical curve. That's why the instruments, which are put inside theurethtra, have a curve similar to the subpubical curve.

The bulbous portion of the urethra is located in the spongy portion about a centimeter from the membranous portion. There are the orifices of the ducts of Cowper's glands (bulbourethrat glands ). The urethra is expansible, but its expansibility depends on the age and individual features. There are wide and narrow points of the urethra. The wide points are : the middle of the prostatic portion, the point before the urogenital diaphragm, the hung part of the urethra , and the point inside the glans of the penis- the fossa navicularis. The narrow points are the external orifice, immediately after the fossa navicularis and the internal orifice of the urethra. The narrowest portion of the urethra is the membranous portion. Except during passage of the urine or semen, the mucous membrane of the male urethra form the longitudinal wrinkles of different shapes and dimensions. There is no submucous layer, and the mucosa directly lines the surrounding tissue. In infants, the longitudinal wrinkles are absent. The muscular coat of the urethra consists of two layers: the internal, made up of unstriated fibers, and external striated layer.

The female urethra is wider and much shorter. Its length is 3-4 cm. The female urethra is rather straight, what makes it easier to let the foreign bodies into the bladder.

The equipment of the lecture:
The important preparations of the urinary system.

The skeleton.
The corrosional preparation of the kidney.

The cystoscope.
The tables.
The slides.
