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                                        1. The purposes and problems.
1. 
 To train students in rules and procedure of a comparative percussion of lungs
2. To train students in rules and procedure of a topographical percussion of lungs (definition of height of standing of their apices, width of Kroenig's area, the lower borders of the lungs and respiratory mobility of pulmonary borders.
2. 
 To repeat with students procedure of inquiry, the general survey of the patient, survey and a palpation of a chest.
2. The student should know.
1. Physical bases principles and rules of a percussion.
2. Kinds of a percussion of lungs.
3. The purposes, rules and diagnostic value of a comparative percussion of lungs.
4. The purposes, rules and diagnostic value of topographical percussion of lungs.



 3. The student should be able. 
1. To lead comparative percussions a percussion of lungs.
2. To define width of Kroenig's area.
3. To define height of standing of apices.
4. To determine a locating of the lower borders of the lungs.
5. To determine respiratory mobility of lower pulmonary borders.
6. To interpret obtained results.

 4. Motivation of the theme of lesson.
Percussion of lungs is one of the obligatory methods of physical examination of lungs that gives the necessary information for clinical diagnosis.



 5. Control questions.
         1. Percussion, definition of concept, philosophy and rules.
    
    2. The purposes and rules of a comparative percussion.
         3. Comparative percussion of lungs: procedure, diagnostic value.
         4. Topographical percussion of lungs: procedure of definition of high bourders of lungs. Diagnostic value.
        5. Topographical percussion of lungs: procedure of definition of Kroenig's area. Diagnostic value.
       Controlling self-independent work of students

1. Topographical percussion of the lungs: definition of the inferior borders of lung. Diagnostic value. 

2. Topographical percussion of the lungs: definition of the active respiratory mobility of the inferior border of the lung, diagnostic value.
6. Material equipment.
1. The schema of a case history.
2. Album " Survey of the patient ".
3. Tables.
4. Video « The Percussion of lungs».
7. Procedure of carrying out of studies.
1. In introduction the teacher is intercepted on educational the purposes and problems of studies.
2. The head of bunch reports on the work executed on watch, hands over an educational room. The teacher checks diaries of watches of each student.
3. Revealing an initial level of knowledge of students by interrogation on control questions.
 4. In an educational room the teacher shows procedure of a comparative percussion for revealing pathological processes in lungs. Then the teacher shows procedure of a topographical percussion of lungs (definitions of height of standing of apices, width of Kroenig's area, inferior borders of lungs and respiratory mobility of lower pulmonary borders.  
5. Self-contained work of students in an educational room under the direction of the teacher on improvement of practical skills (a comparative and topographical percussion of lungs). The teacher corrects the admitted errors.
6. Self-contained work in chamber under the direction of the teacher: students in subgroups on 2 - 3 persons survey patients with pulmonary diseases. They carry out inquiry and the general survey of patients, survey and a palpation of a chest, a comparative and topographical percussion of lungs.
 7. Having gathered in an educational room, the representative of each subgroup reports received results, everyone discuss and together with the teacher put forward the preliminary diagnosis.
The conclusion.
     In a concluding remarks the teacher sums up studies, monitors filling diaries of practical skills, yields the task to the following lesson.
8. Calculation school hours
№  
 The list of educational questions 
 Quantity of time
1. 
 Introduction and delivery of watches by students 

 10 mines
2. 
 Revealing an initial level of knowledge of students by interrogation 
 15 mines
3. 
 Demonstration by the teacher of procedure of comparative and topographic percussion of lungs


 25 mines
4. 
 Self-contained work of students in an educational room under the direction of the teacher on improvement of practical skills the friend on the friend 

 20 mines
5. 
 Self-contained work of students in chambers under the direction of the teacher on inspection of patients with a pathology of lungs (the collecting of an anamnesis, the general survey, survey, palpation of  thorax, percussion of lungs) 

 25 mines
6. 
 Discussion of received results 
 
10 mines
7. 
 The conclusion with filling diaries of practical skills 

 5 mines
8. 
 Self-contained work under the direction of the teacher on inspection of patients (on watch) 
 


20 mines

 Total 

110 mines
Controlling self-independent work of students
1. Topographical percussion of the lungs: definition of the inferior borders of lung. Diagnostic value










10 mines
2. Topographical percussion of the lungs: definition of the active respiratory mobility of the inferior border of the lung, diagnostic value





 10 mines
9. The information maintance of a theme.

PERCUSSION of lungs
Percussion
Mediate percussion is done by tapping with a plexor (hammer) on a pleximeter placed on the body, or by a finger on another finger. In immediate percussion the examined part of the body is struck directly by the soft tip of the index finger. To make tapping stronger, the index finger may be first held by the side of the middle finger and then released. This method was proposed by Obraztsov. Its advantage is that the striking finger feels the resistance of the examined part of the body.

Percussion is done with a slightly flexed middle finger on the dorsal side of the second phalanx of the middle finger of the opposite hand, which is pressed tightly against the examined part of the body. Percussion should be done by the movement of the wrist alone without involving the forearm into the movement. Striking intensity should be uniform, blows must be quick and short, directed perpendicularly to the intervening finger. Tapping should not be strong.
Sounds obtained by percussion differ in strength (clearness), pitch, and tone. Sounds may be strong and clear (resonant) or soft and dull; they may be high or low, and either tympanic or non-tympanic (and with metallic tinkling).
Resonance (clearness, loudness, sound volume) of the percussion sound largely depends on the vibration amplitude: the stronger the tapping the louder is the sound; uniform strength of tapping is therefore required. A louder sound will be heard during percussion of an organ containing greater amount of air. In healthy persons resonant and clear sounds are heard in percussion of thoracic and abdominal organs filled with gas or air (lungs, stomach, and intestine).
Soft or dull sound is heard during percussion of the chest and the abdominal wall overlying airless organs (liver, heart, spleen), and also during percussion of muscles (femoral sound). Resonant and clear sound will become soft if the amount of air decreases inside the lung or if liquid is accumulated between the lungs and the chest wall (in the pleural cavity).
The pitch of the sound depends on the vibration frequency: the smaller the volume of the examined organ, the higher the vibration frequency, hence the higher the pitch. Percussion of healthy lungs in children gives higher sounds than in adults. The sound of a lung containing excess air (emphysema) is lower than that of a healthy lung. This sound is called bandbox (box sound). Normal vibration frequency of a healthy lung during percussion is 109-130 per second, while in emphysema the frequency decreases to 70-80 c/s. Quite the opposite, if the pulmonary tissue becomes more consolidated, the frequency increases to 400 c/s and more.

Tympanic sound resembles the sound of a drum (hence its name: Gk tympanon drum). Tympany differs from a non-tympanic sound by higher regularity of vibrations and therefore it approaches a musical tone, while a non-tympanic sound includes many aperiodic vibrations and sounds like noise. A tympanic sound appears when the tension in the wall of an air-containing organ decreases. Tympany can be heard during percussion of the stomach and the intestine of healthy people. Tympany is absent during percussion of healthy lungs, but if the tension in the pulmonary tissue decreases, tympanic sounds can be heard. This occurs in incomplete compression of the lung by the pleural effusion, in inflammation or edema of the lung (the percussion sound then becomes dull tympanic). A tympanic sound can also be heard if air cavities are formed in the lungs or when air penetrates the pleural cavity. Tympany is heard over large caverns and in open pneumothorax (the sound is resonant). Since air filled organs produce resonant percussion sounds and airless organs give dull sounds, the difference between these sounds helps locate the borders between these organs (e.g. between the lungs and the liver, the lungs and the heart, etc.).
Topographic percussion is used to determine the borders, size and shape of organs. Comparison of sounds on symmetrical points of the chest is called comparative percussion.
Tapping strength can vary depending on the purpose of the examination. Loud percussion (with a normal force of tapping), light (quite), and lightest (quitest, threshold) percussion are differentiated. The heavier the percussion stroke, the greater is the area and depth to which the tissues are set vibrating, and hence the more resonant is the sound. In heavy or deep percussion, tissues lying at a distance of 4- 7 cm from the pleximeter are involved. In light or surface percussion the examined zone has the radius of 2—4 cm. Loud percussion should therefore be used to examine deeply located organs, and light percussion - for examining superficial organs. Light percussion is used to determine the size and borders of various organs (liver, lungs and heart). 

Main rules of percussion.

 1. The patient should be in a comfortable posture and relaxed. The best position is standing or sitting. Patients with grave diseases should be percussed in the lying position. When the patient is percussed from his back, he should be sitting on a chair, his face turned to the chair back. The head should be slightly bent forward; his arms should rest against his lap. In this position muscle relaxation is the greatest and percussion thus becomes more easy.
2. The room should be warm and protected from external noise.
3. The physician should be in a comfortable position as well.
4. A pleximeter or the middle finger of the left hand, which is normally used in the finger-to-finger percussion, should be pressed tightly to the examined surface. The neighbouring fingers should be somewhat set apart and tightly pressed to the patient's body. This is necessary to delimit propagation of vibrations arising during percussion. The physician's hands should be warm.
5. The percussion sound should be produced by the tapping movement of the hand alone. The sound should be short and distinct. Tapping should be uniform, the force of percussion strokes depending on the object being examined (see above).
6. In topographic percussion, the finger-pleximeter should be placed parallel to the anticipated border of the organ. Organs giving resonant note should be examined first: the ear will better detect changes in sound intensity. The border is marked by the edge of the pleximeter directed toward the zone of the more resonant sounds.
7. Comparative percussion should be carried out on exactly symmetrical parts of the body.
Percussion of lungs

Depending on the object of examination, various methods of percussion are used to examine the lungs. The examination begins with comparative percussion.

Comparative percussion of lungs
Comparative percussion is performed to a comparison of the percussion sound (resonance) on the symmetrical points of the appropriate topographical lines of the chest (Table 1).
The certain sequence is followed in comparative percussion. Percussion sounds over the lung apices (in the front) on the symmetrical points of the chest are first compared; the pleximeter finger is placed parallel to the clavicle. The plexor finger is then used to strike the clavicle which is used as a pleximeter in this case. During percussion of the lungs below the clavicle, the pleximeter finger is placed in the interspace at the strictly symmetrical points of the left and right sides of the chest. 

The percussion sounds are compared only to the level of the 3th rib along the parasternalis line and to the level of 4th rib along the medioclavicular line (further the percussion is continued only on the right side of the chest to hepatic dullness). The heart lying below this level changes the percussion sound. For comparative percussion of the axillary region, the patient should raise his arms and clamp the hands at the back of the head. Comparative percussion of the lungs on the back begins with suprascapular areas. The pleximeter finger is placed horizontally, while during percussion of the regions between the scapulae, the pleximeter should be vertical. The patient should cross his arms on the chest to displace the scapulae anteriorly (away from the backbone). During percussion of the points lying below the scapulae, the pleximeter should again be horizontal; in the interspace it should be placed parallel to the ribs.
Table 1

Topographical (vertical) lines of the chest

	Topographical lines
	Position

	Lin. mediana anterior (anterior/front median line/midline)
	on the middle of the breast bone

	Lin. sternalis dextra et sinistra (sternal right [left] line)
	the right and left edges of the breast bone

	Lin.parasternalis dextr. et sin. (parasternal right [left] line)
	exactly in the middle between the media-clavicular and sternal lines

	Lin. medioclavicularis dextr. et sin. (media-clavicular/midclavicular right [left] line, mammary line)
	from the middle of the clavicle and perpendicularly downwards

	Lin. axillaris anterior et posterior dextr. et sin. (anterior/posterior axillary right [left] line)
	accordingly on the anterior and posterior edges of axillary space

	Lin. axillaris media dextr. et sin. (mid-axillary right [left] line)
	downwards from the middle of axillary space

	Lin. scapularis dextr. et sin. (scapular right [left] line)
	on the inferior scapular angle

	Lin. paravertebralis dextr. et sin. (paravertebral right [left] line)
	on the middle between the posterior median and scapular lines

	Lin. mediana posterior (posterior/back median line/midline)
	on the spinous processes of spinal /vertebral column vertebrae


The percussion sound can change in pathological processes because of the decreased content or full absence of air in a part of the lung, and because of the pleural fluid (transudate, effusion, blood), increased airiness of the lung tissue, and the presence of air in the pleural cavity (pneumothorax).

The amount of air in the lungs decreases in (1) pneumosclerosis, fibrous-focal tuberculosis, (2) pleural adhesion or obliteration of the pleural cavity which interferes with normal distention of the lung during inspiration; the difference in the percussion sound will be more pronounced at the inspiration level and weaker during the expiration; (3) lobular and especially confluent pneumonia, in which pulmonary tissue alternates with consolidations; (4) considerable edema of the lungs, especially in the inferio-lateral regions due to insufficient contractility of the left ventricle; (5) compression of the pulmonary tissue by the pleural fluid (compression atelectasis) above the fluid level; (6) complete obstruction of the large bronchus with a tumour and gradual resorption of air from the lungs below the closure of the lumen (obstructive atelectasis). Clear pulmonary sounds become shorter and higher (i.e. duller) in the mentioned pathological conditions. If these conditions are attended by decreased tension in the elastic elements of the pulmonary tissue, e.g. in the presence of compression or obstructive atelectasis, the sound over the atelectatic zone becomes dull with a tympanic tone. This sound can also be heard during percussion of a patient with acute lobar pneumonia at its first stage, when the alveoli of the affected lobe, in addition to air, contain also a small amount of fluid.

A complete absence of air in the entire lobe of the lung or its part (segment) is observed in the following cases: (a) acute lobar pneumonia at the consolidation stage, when the alveoli are filled with the inflammatory exudate containing fibrin; (b) formation in the lung of a large cavity, which is filled with the inflammatory fluid (sputum, pus, echinococcous cysts, etc.), or heterogeneous airless tissue (tumour); (c) accumulation of fluid in the pleural cavity (transudate, exudate, blood). Percussion over airless parts of the lung or over fluid accumulated in the pleural cavity gives a soft short and high sound which is called dull or, by analogy with the percussion sounds of airless organs and tissues (liver, muscles), liver dullness. But the absolute dullness identical to the percussion sound of the liver can only be heard in the presence of a large amount of fluid in the pleural cavity.

The amount of air in the lung increases in emphysema. The percussion sound in lung emphysema is louder than the dull tympanic sound because of the increased airiness of the pulmonary tissue and decreased elasticity of the tense pulmonary tissues; but the tympanic character is preserved. The percussion sound resembles the one produced by a stroke on a box; hence the name bandbox sound.

The amount of air held inside the lung increases with formation in it of a smooth-wall cavity filled with air and communicated with the bronchus (abscess, tuberculosis cavern). The percussion sound over this area will be tympanic. If the cavity is small and situated deeply in the chest, vibrations of the pulmonary tissue will not reach this cavity and no tympanic sound will be heard. Such a cavity will only be revealed by roentgenoscopy. The sound over a very large smooth-wall cavity in the lung (6—8 cm in diameter) will be tympanic, resembling a stroke on a metal (metallic percussion sound). If this cavity is located superficially and is communicated with the bronchus through a narrow slit, the percussion sound will be soft and will resemble that of a cracked pot (hence the name - cracked-pot sound).

Topographic percussion of lungs
Topographic percussion is used for delimitation (1) the upper borders of the lungs or the upper level of their apices and their width (Kroenig's area); (2) the lower borders of the lungs, and (3) variation mobility of the lower border of the lung.

The topographic percussion is always performed from a clear note in the direction of dull sound. Percussion begins from the level of II-d intercostal space to reach a dull note. The border of a lung is marked on that side of a finger-pleximeter which is reversed to more clear sound. The upper edge of the pleximeter lying in intercostal space will correspond to the inferior edge of the superposed rib which is considered to be the lower border of a lung. 
The position of the upper borders (apices) of the lungs is determined both anteriorly and posteriorly. In order to locate the apex of the lung, the pleximeter finger is placed parallel to the clavicle and percussion is effected from the middle upwards and slightly medially along the edge of m. scalenus med. to dullness. The upper level of the apices in healthy persons is 3-4 cm above the clavicles. The upper posterior border of the lungs is always determined by their position with respect to the spinous process of the 7th cervical vertebra. The pleximeter finger is placed over the supraspinous fossa parallel to the scapular spine and stroked from the middle. The pleximeter finger is moved gradually upward to the point located 3—4 cm laterally to the spinous process of the 7th cervical vertebra, at its level, and percussion is then continued until dullness. Normal height of the lung apices (posterior) is about at the level of the spinous process of the 7th cervical vertebra.

The so-called Kroenig's area is a band of clear resonance over the lung apices. The width of these areas is determined by the low anterior border of the trapezius muscle and is (on an average) 5-6 cm wide, but its width can vary from 4 to 7 cm, at the right side it is lesser on 1-1.5 cm. The anterior border of the trapezius muscle divides the Kroenig's area into its anterior field which extends to the clavicle, and the posterior one that widens toward the supraspinous fossa. Light (quiet) percussion is used to determine the width of the lung apex. The position of a physician is in back and some right of a patient. The pleximeter finger is held over the middle portion of m. trapezius, perpendicular to its anterior margin, and percussion is first carried out medially, and then laterally, to dullness. The distance between the points of transition of the clear pulmonary resonance to dullness is measured in centimeters.

The upper border of the lungs and the width of the Kroenig area can vary depending on the amount of air in the apices. If the amount of air is high (which may be due to emphysema) the apices increase in size and move upwards. The Kroenig's area widens accordingly. The presence of connective tissue in the lung apex (which usually develops during inflammation as in tuberculosis or pneumonia or inflammatory infiltration) decreases the airiness of the pulmonary tissue. The upper border of the lung thus lowers and the width of the Kroenig's area decreases.

To outline the lower borders of the lungs their percussion is carried out in the downward direction along conventional vertical topographical lines (Table 2). The lower border of the right lung is first determined anteriorly along the parasternal and the medioclavicular lines, then laterally along the anterior, medial and posterior axillary lines, and posteriorly along the scapular and paraspinal lines. The lower border of the left lung determined only laterally, by the three axillary lines, and posteriorly by the scapular and paraspinal lines. The lower border of the left lung is not determined anteriorly because of the presence of the heart. The pleximeter finger is placed in the interspaces, parallel to the ribs, and the plexor finger produces slight and uniform strokes over it. Percussion of the chest is usually begun anteriorly, from the second costal interspace (with the patient in the lying or upright position). 

When percussing on a line parasternalis dextra the more precise determination of position of border of the lung is performed by means of immediate percussion according to Obraztsov. The immediate percussion is carried out on two superposed ribs above the dullness. The upper rib lies obviously above a pulmonary tissue and serves as the control, it generates clear pulmonary sound. Next the second rib lied directly above a dull sound is percussing. If at percussion of this rib it is obtained the same sound as above overlying control rib, it means the border lays on the inferior edge of this rib. If above the lower rib the sound will be a little dulled hence the liver lies under this rib, and the border of the lung will be on the upper edge of the rib that most often happens.

Table 2

Normal Lower Border of the Lungs
	Topographical lines
	Position of lower border of the lungs

	Lin. parasternalis dextr.
	the upper edge of 6-th rib

	Lin. medioclavicularis dextr. 
	the inferior edge of 6-th rib

	Lin. axillaris anterior dextra et sinistra
	the inferior edge of 7-th ribs

	Lin. axillaris media dextr. et sin.
	the inferior edge of 8-th ribs

	Lin. axillaris posterior dextr. et sin. 
	the inferior edge of 9-th ribs

	Lin. scapularis dextr. et sin. 
	the inferior edge of 10 ribs

	Lin. paravertebralis dextr. et sin. 
	the level of the spinous process of the 11-th thoracic vertebra


The examination of the lateral surface of the chest is performed from the axillary fossa (armpit). The patient either sits or stands with the hands behind the back of the head. The examination ends with the posterior percussion from the seventh costal interspace, or from the scapular angle, which ends at the seventh rib.

The lower border of the right lung is as a rule at the point of transition of the clear pulmonary resonance to dullness (lung-liver border). In exceptional cases, when air is present in the abdominal cavity (e.g. in perforation of gastric or duodenal ulcer), liver dullness may disappear. The clear pulmonary resonance will then convert to tympany. The lower border of the left lung by the anterior and midaxillary lines is determined by the transition of clear pulmonary resonance to dull tympany. This is explained by the contact between the lower surface of the lung (through the diaphragm) and a small airless organ, such as the spleen and the fundus of the stomach, which give tympany (Traube's space).

The lower borders of the lungs in normosthenic persons usually occur as given in Table 2. The position of the border varies depending on the constitutional properties of the body. The lower border of the lungs in asthenic persons is slightly lower than in normosthenics and is found at the interspace (rather than on the rib as in normosthenics) whereas this border is slightly higher in hypersthenic persons. The lower border of the lungs rises temporary during late pregnancy.

Bilateral lowering of the lower border of the lungs can occur in acute and chronic dilation of the lungs (attack of bronchial asthma and emphysema of the lungs, respectively) and also in sudden weakening of the tone of the abdominal muscles and lowering of the abdominal viscera (splanchnoptosis). Unilateral lowering of the lower border of the lungs can be due to vicarious (compensatory) emphysema of one lung with inactivation of the other lung (pleurisy with effusion, hydrothorax, pneumothorax, hemiparesis of the diaphragm).

The elevation of the lower border of the lungs is usually unilateral and occurs in (1) restriction of the lung due to development of connective tissue (pneumosclerosis); (2) complete obstruction of the lower-lobe bronchus by a tumour which causes gradual collapse of the lung, atelectasis; (3) accumulation of fluid or air in the pleural cavity which displace the lung upwards and medially toward the root; (4) marked enlargement of the liver (cancer, echinococcosis), or of the spleen (chronic myeloleukaemia). Bilateral elevation of the lower borders of the lungs occurs in the presence of large amounts of fluid (ascites) or air in the abdomen due to an acute perforation of gastric or duodenal ulcer, and also in acute meteorism.

After determining the lower border of the lungs at rest, active respiratory mobility of pulmonary borders should be determined by percussion during forced inspiration and expiration. This mobility is called active, and is usually measured by the difference in the position of the lower border of the lungs between the two extremes. Measurements are done by three lines on the right side (midclavicular, axillary, and scapular lines) and two lines on the left side (midaxillary and scapular lines). The normal mobility of the lower border of the lungs is described by the figures given in Table 3. Mobility of the lower border of the left lung by the midclavicular line cannot be determined because of the interference of the heart.

The respiratory mobility of the lungs is determined as follows. The lower border of the lungs in normal respiration is first determined and marked by a dermograph. Further the patient is asked to make a forced inspiration and to keep breath at the height. The pleximeter finger should at this moment be held at the lower border of the lung (determined earlier). Percussion is now continued by moving the pleximeter downwards to complete dullness, where the second mark should be made by a dermograph at the upper edge of the pleximeter finger. Next the patient is then asked to maximum air from the lungs and to keep breath again. The percussion is now continued in the downward direction from starting point until the clear vesicular resonance disappears. The third dermographic mark should be made 
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