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Chest of an adult male. Postero-anterior projection

1 Trachea 8 Left pulmonary artery 15 Left | i

2 Firstrib 9 Region of tip of auricle of left atrium 16 Right | domeof diaphragm
3 Clavicle 10 Anterior axillary fold 17 Inferior vena cava

4 Spine of scapula 11 Descending aorta 18 Right atrial border

5 Sternum 12 Border of left ventricle 19 Right pulmonary artery

6 Arch of aorta (aortic knuckle or knob) 13 Left cardiophrenic angle 20 Superior vena cava

7 Pulmonary trunk 14 Left costophrenic angle
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Chest of an adult female. Lateral projection
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lﬁ?gﬂht } main bronchus
Ascending aorta

Soft tissues of upper arm

7 Infundibulum of right ventricle (below)
with pulmonary trunk (above)
8 Right ventricular border of heart
9 Breast
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11 Inferior vena cava
12 Gas in fundus of stomach
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f;%h' ] dome of diaphragm
Left atrial border of heart

E;%m } main pulmonary artery
Scapula
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Facial bones and paranasal sinuses, A occipitofrontal projection, B
occipitomental projection, € lateral projection

Frontal sinuses
Ethmoidal sinuses
Nasal septum
Ee;?;r : wing of sphenoid
Superior orbital fissure
gg;r:jr;o‘;dpmess : of mandible
Left maxillary sinus (antrum)

10 Zygomatic process of temporal bone
1; ;f:;gral : process of zygomatic bone
13 Frontozygomatic suture

14 Zygomatic process of frontal bone

15 Infra-orbital foramen

16 Right jugular foramen

17 Anterior arch of atlas (first cervical vertebra)
18 Sphenoidal sinus

19 Sella turcica

000~ U £ G R =

g? iﬁzs;f:g?r : wall of maxillary sinus (antrum)
22 Horizontal plate of palatine bone

P,
gi M‘:LIa;:nG ]| process of maxilla
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Facial bones and paranasal sinuses. Coronal CT images are demonstrated at the following levels: A frontal sinus; B anterior maxillary sinus
and ethmoidal sinuses; € middle ethmoidal sinus and maxillary sinus; D middle maxillary sinus; E posterior ethmoidal sinus; F posterior
maxillary sinus; G anterior sphenoidal sinus; H posterior sphenoidal sinus

Do~ &R -

10
1
12

Alveolar rim

Alveolar recess

Incisive canal

Hard palate

Oropharynx

Lateral pteryaoid plate
Ramus of mandible
Styloidprocess
Masseter muscle
Mastoid process
Odontoid process (dens)
Anterior arch of atlas (first cervical vertebra)

13
14
15
16
17
18
19
20
21
2
23
24

Spinal canal

Deglutitional muscles

Maxillary sinus (antrum)

Medial pterygoid plate
Pterygoid fossa

Infeerior nasal concha (urbinate)
Vomer

Nasal cavity

ﬁ:zi’:l' :‘:ﬂ | of maxilay sinus (anium)
MNasopharynx

Lateral pterygoid muscle
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Frontal bone
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Diagram showing the various steps in the delivery of oxy-
2en from air to tissues. 1, ventilation; 2, diffusion across the blood-gas
-arrier; 3, matching of ventilation and blood flow; 4, pulmonary blood
“ow; 5, transport of gas in the blood; 6, diffusion from capillary to cell;
" utilization of O, by mitochondria.
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- Surface tension. Open circles = molecules of water. Shaded circles= molecules of
air. Black circles = surface-active molecules.
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Measurement of the pressure-volume curve of excisec
lung. The lung is held at each pressure for a few seconds while its
volume is measured. The curve is nonlinear and becomes flatter at high
expanding pressures. Note that the inflation and deflation curves are
not the same; this is called hysteresis.
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Pressure-volume curve of the lung showing the inspira-
tory work done overcoming elastic forces (area 0AECDO) and viscous
forces (hatched area ABCEA). INSP, inspiration; EXP, expiration.

(West..1990)5—\ + JS.5
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Tidal Work
volume Area Frequency (area x

Volume (litres)  (units) (per min)  frequency)

(a) Optimum
pattern 1.0 45 12 540

(b} Increased frequency
+

0.5 28 24 672
decreased volume
.
(c) Decreased frequency
. + 2.0 110 6 660
increased volume
Pressure

- The work done in breathing is influenced by the pattern used. Inefficient patterns (b)
and (c) of achieving the same minute ventilation are compared with a more economical pattern

la). The shaded areas above the curves represent the inspiratory work of a single breath and
must be multiplied by breathing frequency to calculate work per minute.
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Distribution of ventilation and blood flow down the
upright lung * * Note that the ventilation-perfusion

ratio (V»/Q) decreases down the lung. (From West, 1985b.)
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Regional differences in gas exchange down the norma
lung. Only the apical and basal values are shown for clarity. V,, alveoiar
ventilation; Q, blood flow; Po,, partial pressure of oxygen; Peo,, parta
pressure of CO;; Py, partial pressure of nitrogen.
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Oxygen and carbon dioxide partial pressures in the various portions of
normal expired air.
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#ecord of the changes in nitrogen concentration in the expired air
wer a single previous inspiration of pure oxygen. This record can be
wed 1o calculate dead space, D
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ALVEOLAR
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| DISTANCE

BLOOD FLOW —=

Model to explain the uneven distribution of blood flow in
tne wung pased on the pressures affecting the capillaries. (From West
et al.,, 1964.)

(West..1990) $-\5 JS.5
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1S o Jos B 59,8 BN i) 0 4y AB 4y & Fgpe D) g ail (oeyti o] slo Jpgll b g glusl g col
ol > o Jggl (950 slo w5 K9 0 4y 4B )3 (5680 3l Canlas s ol cul 1) el oSl ] )3 5, b
gl NS L) ol gt )8 ol o) sl o >y Al 4 bgije Llyd (03,5 (o0 4l 03,0 (gLaS 4 adlaie

S (oo d2lge j ey

Mechanics of blood flow in the three blood flow zones of the lung:
zone 1, no flow—alveolar air pressure (PALV) is greater than arterial
pressure; zene 2, intermittent flow—systolic arterial pressure rises
higher than alveolar air pressure, but diastolic arterial pressure falls
below alveolar air pressure: and zone 3, continuous flow—arterial
pressure and pulmonary capillary pressure (Ppc) remain greater than
alveolar air pressure at all times.

(West..1990)5—\V JS.5

» adbio oyl ola Jgigll )3 I ,Lid 39 0 odel ZONEIl Sle g SBgb adlaio o a4, G 5> :Zone 11

Perfusion st plSia (uy cusl absipo 39ye (i )Lt 1 st Jstold oloj )3 5 08 5Lid 5l 208 St o
23l (o gl adlate (pl 3 3 Ol (G 29 (o Al Sy el pln g Cunl )15

\O-



““RefGrm
i ol (5598 99 pdpmiy Juad

Juid i (a5 b b 5y 0uiS muite Hlid 4l opl 55 g (0 0ol Zomelll pb & &) 00c8 :Z(?neHI

4l ol 3 (g e @ S OIS 9098 (o5 @lad s 9 0392 b Sy Adied ey sl Sl oS IS

PSS 5 s e b YL cllae ol (o W (g2jgh 4 0258 @ 08 S35 b cplpls 0,8 (0 jg—o
.3)5 odalin

: Extra-alveolar Vessels Jgigl g, &g, -Y

Alveolus . =0 Alveolar vessels
+ 1‘ * _(_‘J"_“-Extra-arvec ar
v y ] Y vessels
A A A A
v AT

- Alveolar and extra-alveolar vessels. The first are m=~
the capuiaries and are exposed to alveolar pressure. The secor- =
pulled open by the radial traction of the surrounding lung parencr,—:
and the effective pressure around them is therefore lower than 2/, = -
pressure. (Modified from Hughes et al., 1968.)
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Lung Volume (m1)

Fiaura 517 Effect of lung volume on pulmonary vascular resistance
1 ansmural pressure of the capillaries is held constant. At low

. resistance is high because the extra-alveolar vessels
become narrow. At high volumes, the capillaries are stretched and their
caliber is reduced. (Data from a canine lobe preparation.)
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0,=150mmHg
CO,-=0

0,=40 0,=100

CO;=45 0,-40[ CO5=40

CO,=45
© 0 NORMAL o )/\k
DECREASING INCREASING
Va/Q Va'Q

Effect of alterations of the ventilation-perfusion ratio on
the Pg, and Pgg, in a lung unit. V,/Q, ventilation-perfusion ratio. (From
West, 1985b.)
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:Pulmonary Volumes g, s oo
o o 0o+ = (TV) Tidal Volume (¢,l> clon o>

398 oo bu b dle 35k L g p3 3 &5 olge
= o Yeoo = (IRV) Inspiratory Reserve Volume e 033 o>

D9ei by )y (oole 3 Sy Jlam Gl o S s Sl
o o W+ = (ERV) Expiratory Reserve Volume .ol 033 pox>

D90 )5 o 4yl oole ol Sl am g o0 45T olgn ST >
o o Voo = (RV) Residual Volume ssiledl (slga oo

5 05 s eilagily pore o8 el 55 43 o3 e (oo B o ) 5 e p5l 3 31 o lgn oo
(VY JS8)cans 555 o]

__l________-__t____L_ .
- Lung volumes. Note that the functional residual capacity
and residual volume cannot be measured with the spirometer.
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: Pulmonary Capacities g, b cud,b

o o Y0+ += (IC) Inspiratory Capacity =TV + IRV > cus b -

o s YY++ = (FRC) Functional Residual Capacity = ERV + RV e sileidl b b -

o o ¥9oo =(VC) Vital Capacity = IRV + TV + ERV  jls cud )b -

o s OA-+ =(TLC) Total Lung Capacity = VC + RV 4, I cud b -
: (FVC) Forced Vital Capacity gy b Jbs cud b
e L a5 o plonl Wlg5 (0 oS (gteyuo 2SI b Bras (o33l (Bras p3 4 | A (e &S mtliB 0,5 5] doslix
35k e 4L a9l cawd 41, (FVC) Forced Expiratory Vital Capacity ¢, b p35b b Sle cud b aulys
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NORMAL
Maximum
inspiration
40 e e
34 FEV,
2 FvC
= FEV,/FVC%
= 9 _ana
] =80%
?.; U i 1 L) 1 1 1 1 1
=] 0 1 2 3 4 5 6 7
c A
o
E -
(=3
[+
g AIRWAY OBSTRUCTION
g a
A I e
g 3
|
2- FEV/FVC% | FvC
1
O 1 ] ] T T ) 1 T
0 1 2 3 4 5 &6 7
B Seconds
Recordings during the forced vital capacity maneuver: A, in the
healthy person and B, in the person with airway obstruction. (The
“zero™ on the volume scale is equal to the residual volume.)
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=#izanon of the respiratory center.
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Chemosensitive

Inspiratory H™ + HCOq
area 1
H,CO,
002 + H20

Stimulation of the inspiratory area by signals from the chemosensiti::
area located bilaterally in the medulla, lying only a fraction of a
millimeter beneath the ventral medullary surface. Note also that hy-
drogen ions stimulate the chemosensitive area, whereas it is carbon
dioxide in the fluid that gives rise to most of the hydrogen ions.
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Composite diagram showing the interrelated effects of Pco,, Po,, and
pH on alveolar ventilation. (Drawn from data presented in Cunning-
ham DJC and Lloyd BB: The Regulation of Human Respiration.
Oxford: Blackwell Scientific Publications, 1963.)
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Surfactant

The lungs remain partly inflated even after
exhalation because of a vital substance, known
as surfactant, secreted inside the alveoli. This
surfactant, which is composed mainly of special
lipids (fats), is produced by specialized cells.

Without Strong cohesive force
surfactant Force tending to
Each alveolus is collapse alveolar
lined with a watery wall

fluid. Because fluid
molecules cohere.
the alveolar walls
are pulled inwards
and may collapse.
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1) Principles of Internal Medicine, Harrison's, 16" edition 2005. Volume 1, 2.
2) Clinical Examination , John Macleod; John Munro.

3) Rapid Access Guide, To the Physical Examination, Donald W. Novey.

4) Major's Physical Diagnosis, Mahlon H. Delp; Robert T. Manning .

5) Nelson Textbook of Pediatrics, 17™ edition 2004.Volume 1,2.

YA





