Lung Volumes and Capacities

Measurement of lung volumes provides a tool for understanding normal function of the lungs as well

as disease states. The breathing cycle is initiated by expansion of the chest. During quiet breathing,

contraction of the diaphragm muscle causes it to flatten downward, increasing the vertical dimension

of the thoracic cavity. Additional respiratory muscles in the chest (external intercostal) lift the ribs,

expanding them outward and further increasing volume. The resulting increase in chest volume

creates a negative pressure that draws air in through the nose and mouth. Normal exhalation is

passive, resulting from "recoil" of the chest wall, diaphragm, and lung tissue. In contrast to passive

breathing, active breathing uses additional muscles known as accessory respiratory muscles

(including the sternocleidomastoid, scalene, internal intercostal and abdominal muscle groups) to

further expand and contract the thorax.

In normal breathing at rest, approximately one-tenth of the total lung capacity is used. Greater

amounts are used as needed (e.g., with exercise). The following terms are used to describe lung

volumes (see Figure 1):

Tidal Volume (TV)

The volume of air breathed in and out without conscious effort.

Inspiratory Reserve Volume (IRV)

The additional volume of air that can be inhaled with maximum effort after a normal inspiration.

Expiratory Reserve Volume (ERV)

The additional volume of air that can be forcibly exhaled
after normal exhalation.

Vital Capacity (VC)

The total volume of air that can be exhaled after a
maximum inhalation :

Residual Volume (RV)

vital capacity (VC) The volume of air remaining in the
lungs after maximum exhalation (the lungs can never be
completely emptied).

tidal volume (TV)
Total Lung Capacity (TLC)
TLC=VC + RV

Minute Ventilation The volume of air breathed in 1 minute :
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minute ventilation = (TV x breaths/minute)

In this experiment, you will measure lung volumes during normal breathing and with maximum effort.
You will correlate lung volumes with a variety of clinical scenarios.

IMPORTANT: The Equipment Used in this experiment is For Educational Purposes Only And. be used
to diagnose medical conditions

Objectives

* Obtain Graphical Representation of Lung Capacities and Volumes.
e Compare Lung Volumes Between Males and Females.

¢ Correlate Lung Volumes with Clinical Conditions

Materials

Chromebook, Computer, Or Mobile Device
Graphical Analysis 4 App

Go Direct Spirometer

Disposable Mouthpiece

Disposable Bacterial Filter

Nose clip

Procedure

Select One Person From Your Group To Be The Subject. IMPORTANT: Do Not Volunteer To Be The
Subject If you are currently Suffering from A Respiratory AILMENT SUCH AS A COLOR THE FLU.

1- Launch Graphical Analysis. Connect Go Direct Spirometer to your chromebook, computer, or
Mobile Device

Y -Set Up The Data-Collection Mode
a. Click or Tap Mode to Open Data Collection Settings.
b. Change End Collection to 60.

c. Click Or Tap Done



3- Attach The Larger Diameter Side of A Bacterial Filter To The "Inlet" Side of the Spirometer. Attach A
Disposable Mouthpiece To The Other End of The Bacterial Filter (See Figure 2). Important: The Not
niece and Bacterial Filter Must Not be Share. If Data is Collected For Multiple Subjects.

Each Person Must Have Their Own
¢, Zero The Sensor

a. Instruct The Subject To Hold The Spirometer in One Or Both Hands With The Arm (S) Braced
See Against a Solid Surface, Such as A Table The Spirometer Must Be Held Straight Up And Down
(Figure 2). Do not Breathe Through The Spirometer While It Is Being zero r

b. Click Or Tap The Flow Rate

5. In This Step, You will be Will Collect Data. The Spirometer is Sensitive to the low air flow rates
caused by Moving The Sensor, So It Is Important To Follow The Data-Collection Procedure Carefully.
Read Through The Following Steps To Become Familiar With The Process, and Then Collect Data. a.
The Subject Should Be Seated Comfortably and Should Put on the Nose Plug to Ensure That he Or She
is Only Breathing Through The Mouth .

b. The Subject Should Hold The Spirometer in One Or Both Hands With The Arm (S) Braced Against A
Solid Surface, Such AS A Table. The Subject Should Breathe Normally, But Should Not Start Breathing
Through The Spirometer Until The Next Step. Note: The Spirometer Must Be Held Straight Up And
Down, As in Figure 2, and not Moved During Data Collection .

C. On The Subject's Inhale, Instruct The Subject To Start Breathing Through The Mouthpiece And Click
or Tap Collect to START Data Collection

d. After Four Cycles of Normal Inspirations and Expirations, Instruct The Subject To Inhale AS Deeply
AS Possible (Maximum Inspiration) and Then Exhale As Fully AS Possible (Maximum expiration). It is
Essential That Maximum Effort Be Expended

e.The Subject Should Continue. ALLOW DATA COLLECTION To Continue Until You Have Collected Data
For At Least One Recovery Breath After The Deep Breath, and Then Stop Data Collection .

1. Determine Tidal Volume (TV)

a. IDENTIFY A Representative Peak and Valley in The Tidal Volume (TV) Portion of the Graph. b. Click
Or Tap The Peak and Then Drag to The Valley That Follow.

c. Click Or Tap Graph Tools, and choose view statistics.

d. ENTER The AY Value, to The Nearest 0.1 L, As The Total Table Volume (TV) in Table 1. e. Dismiss
The Statistics Box .

V.Determine Vital Capacity (VC)



a. Click Or Tap The Peak That Represent THE MAXIMUM INSPIRATION, Then Drag To The Valley That
Follows It.

b. Click or Tap Graph Tools, 2, and choose view statistics.

C. Enter The Ay Value, to the Nearest 0.1 L, AS The Vital Capacity (VC) in Table 1.

d. Dismiss The Statistics Box
A.Determine Inspiratory Reserve Volume(IRV)
a. Click Or Tap The Peak That Represents Your Maximum Inspiration. Note The Volume Value.
b. Click Or Tap The Tidal volume Peak Just Before Maximum Inspiration. Note The Volume Value.

C. Calculate The Ay Value and Record IT, to The Nearest 0.1 L, As The Inspiratory Reserve Volume IRV)
(.in Table 1

9.Calculate Expiratory Reserve Volume (ERV) and Enter The Total to The Nearest 0.1l in Table 1 .4

EVR= VC - (IRV + TV)

10.Calculate Total Lung Capacity (TLC) and Enter The Total To The Nearest0.1in table 1.
( USE The value of 1.5 L for the RV.)

TLC = VC + RV

DATA
- Table 1 l
Volume measurement Individual Class average (male) | Class average (female)
(L (L) ) L
Tidal volume (TV) | l ]
Inspiratory reserve (IRV)_ l ‘ l
Expiratory reservé (ERV) ‘ l l
Vital capacity (VC) l \ ‘
Residual volume (RV) ~1.5 \ ~-1.5 \ ~15 l
Total lung capacity (TLC) l 1 1
.One
.Two
.Three
.Four
DATA ANALYSIS
1. What was the tidal volume (TV)? What would you expect the TV to be if you inhaled a .Five

foreign object that completely obstructed the right mainstem bronchus?



2.Describe the difference between lung volumes for males and females. What might account for .Y
?this

Y.Calculate the minute ventilation at rest
minute ventilation at rest = (TV x breaths/minute)

If someone were taking shallow breaths (TV = 0.20 L) to avoid severe pain from rib fractures, what
respiratory rate will be required to achieve the same minute volume?

4. Exposure to occupational hazards such as coal dust, silica dust, and asbestos may lead to fibrosis, or
scarring of lung tissue. With this condition, the lungs become stiff and have more recoil. What would
?happen to TLC and VC under these conditions?

5.In severe emphysema there is destruction of lung tissue and reduced recoil. What would you
expect to happen to TLC and VC?

6.What would you expect to happen to the Expiratory Reserve Volume when someone is treading
water in a lake?



