2012 SAN DIEGO SCIENCE OLYMPIAD
ANATOMY AND PHYSIOLOGY DIVISION C
WORKSHOP -DIGESTIVE, EXCRETORY, RESPIRATORY
NOVEMBER 11, 2011

Cell Theory: receptors and channels, enzymes, hormones
Tissue: cells performing similar function — air cells form air sacs (alveoli)
Organ: group of tissues that perform specific functions — lung
System: group of organs that perform physiologic tasks and activities — respiratory
system — nasal cavity, trachea, bronchus, lungs, diaphragm, ribs and muscles compose
chest wall
Physiology: mechanics, resting state, response to exercise and high altitude
Pathophysiology: changes in normal mechanical, physical and biochemical functions
caused by (1) disease [infection, immune dysfunction, toxin, tumor, genes] (2) aging and
(3) physical injuries and conditions (obesity and sleep apnea).
Pulmonary diseases: infection — viral and bacterial pneumonia; immune dysfunction —
dust and asthma; toxin — smoking and COPD; tumor, genes - cystic fibrosis;
combinations of two - toxin and genetic deficiency of alpha-1-antitrypsin makes one
more susceptible to emphysema.

STUDY AIDS

1. Lectures in the DVD Understanding the Human Body by Professor Anthony A.
Goodman, MD.

2. The Anatomy Coloring Book by Kapit and Elson, THIRD EDITION, available at
WWW.amazon.com

3. The Physiology Coloring Book by Kapit, Macey and Meisami, SECOND EDITION,
available at www.amazon.com

4. Websites: (1) National Science Olympiad Website and (2) Mayo Clinic Website and
others for specific diseases, e.g. Mayo Clinic + cystic fibrosis

STUDY METHOD: Set up goals to study specific areas on a weekly basis, making
notes, and save last two weeks to review material and prepare one two sided page of
notes to bring to the examination.

GOALS: Evaluate for a working knowledge of specific topics listed in Event
Description.

TEST FORMAT: Multiple choices (8 answer choices for each question), 2 to 6 questions
for each line item topic and each disease

Both members of the winning team will receive their own complete set of the DVD
Understanding the Human Body by Professor Anthony A. Goodman. MD




TEST MECHANICS
Multiple choice questions including diagrams, photomicrographs, radiographs

27. Which is a muscle or are muscles of inspiration?
. Diaphragm

Internal intercostals

. External intercostals

. All of the above

A+B

B+C

A+C

. None of the above
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47. What is the approximate pressure difference between atmospheric pressure and intrathoracic pressure
during normal breathing?

. 0to 5 mm Hg

. 10 to 30 mm Hg

. 50 to 80 mm Hg

. 100 to 130 mm Hg

150 to 180 mm Hg

200 to 230 mm Hg

. 250to 280 mm Hg

. None of the above
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Figure 50. Lateral Chest X-ray.

50. What is true about Figure 50 shown above?
The diaphragm is elevated.

The chest is barrel shaped.

The chest X-ray findings are consistent
with a diagnosis of emphysema.

D. All of the above

E. A+B

ES B+ C

G. A+C
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Answer: 27. G. See The Anatomy Coloring Book by Kapit and Elson, THIRD EDITION, plate 135)
47. A. See The Anatomy Coloring Book by Kapit and Elson, THIRD EDITION, plate 135)
50. F. See website for emphysema (wikipedia): “flat diaphragm and barrel chest”




-RESPIRATORY SYSTEM

ECHANMISK) O©F RESPIRATION

CN: Use light colors throughout, except for a bright or dark
color for E. (1) Begin with the illustration at far left (inspiration);
note that the thoracic wall (A) is shown only in the far right

THEORAGIE WALL A

135

See 30, 50

diagram. Color the diaphragm, its location represented by
broken lines. (2) Color the expiration illustration and the bucket
handle analogy. (3) Finish with the illustration at far right.
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The mechanism of respiration makes possible breathing, which
consists of inhalation (inspiration) and exhalation (expiration)
phases. The physical principle underlying air movement in/out of
the thorax is the inverse relationship of pressure and volume (as
one goes up, the other goes down). Volume changes within the
thorax alter the intrathoracic pressure 1-2 mm Hg above/below
atmospheric pressure (outside the body) in quiet breathing—

enough of a change to move about 500 ml of air with each breath.

The thoracic diaphragm accomplishes about 75% of the inspira-
tory effort, the external intercostals 25%. Expiration is largely
diaphragm and external intercostal relaxation/stretch, and

lung elasticity, with some help from the internal intercostals. In
inspiration, éontraction of the diaphragm flattens the muscle and
lowers the floor of the thorax, increasing the vertical dimension
of the thoracic cavity. Contraction of the external intercostals
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elevates the ribs, swinging the sternal body slightly outward at the
sternal angle. This increases the transverse and anteroposterior
dimensions of the thoracic cavity. These actions collectively
increase the intrathoracic volume, momentarily lowering the pres-
sure within. Given the relatively higher atmospheric pressure out-
side the head, air is induced to enter the respiratory tract to find
lower pressure. The action of the bucket handle demonstrates
the hinge action at the sternal angle and related rib elevation.

In expiration, the relaxed diaphragm forms “domes” over the
underlying liver and stomach, decreasing the vertical dimension
of the tho}a_x. Recoil/descent of the ribs decreases the transverse
and anteroposterior dimensions. The thoracic volume is thus
decreased, momentarily increasing the intrathoracic pressure
above atmospheric. Air escapes to the outside, aided by the
natural elastic recoil of the lungs.






