Wayne2006

Respiratory Physiology

Spirometry

Pulmonary Volumes and Capacities

In this experiment you will be measuring pulmonary volumes and capacities and then observing how they vary with age, height and sex.

The volume of air that moves in and out of the lungs under varying conditions can be measured with a spirometer.  Spirometry is the classic pulmonary function test, which measures the volume of air inspired or expired as a function of time. It can monitor quiet breathing and thereby measure tidal volume, and also trace deep inspirations and expirations to give information about inspiratory reserve volume, expiratory reserve volume and vital capacity.
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Figure 1

The spirogram, Figure 1, depicts the measureable pulmonary capacities of the human lungs.  The amount of air that moves in and out of the lungs during a normal respiratiory cycle is the tidal volume.  Although sex, age and weight determine this and other capacities, the average normal tidal volume is around 500 ml.

If one takes a deep breath to his maximum capacity after emptying his lungs of tidal air, he has reached his maximum inspiratory capacity.  This volume is usually around 3000 ml.  Note from the spirogram that this volume is the sum of the tidal and inspiratory reserve volumes.

The amount of air that one can expire beyond the tidal volume is called the expiratory reserve volume.  It is usually around 1100 ml.

If we add the tidal, expiratory reserve, and inspiratory reserve volumes, we arrive at the total functional or vital capacity of the lungs.  This value is determined by having an individual take as deep a breath as possible and exhaling all the air he can.  Although the average vital capacity for men and women is around 4500 ml, age, height and sex do affect this volume appreciably.  Even the established norms can vary as much as 20 percent and still be considered normal.

The residual volume is that quantity of air in the lungs and respiratory passages that cannot be forcibly expelled.  The volume is usually around 1200 ml.  Since total lung capacity and functional residual capacity include residual volume, these latter values cannot be determined unless the residual volume is known.

Equipment Setup and use of Spirometer:

1.  
The equipment and screen should already be set up (see instructor for settings). 
2.  
The tubes of the flow head should always be in the upright position (coming off of the 
top of the flow head) to avoid problems with condensation.

3. 
Avoid turbulent airflow, when breathing into the spirometer make sure no air is escaping 
around the mouthpiece or through the subject’s nose.

4.  
The spirometer will display flow on channel three; volumes, in liters, will be displayed on 
channel four. You will be making your measurements from the channel #4 screen, so you 
can minimize channel #3. 
5.  
Convert all values into milliliters as you record them.

6.  
Do not discard your mouthpieces until the end of the lab, you will be using them several 
times.

Activity:  Measuring Respiratory Volumes:

A.  Lung Volumes:  TV, IRV and ERV

Each student should collect the following lung volumes and capacities:




TV

=
Tidal Volume




IRV

=
Inspiratory Reserve Volume




ERV

=
Expiratory Reserve Volume




VC

=
Vital Capacity




FVC

=
Forced Vital capacity
1.  
Have the subject put the cardboard mouthpiece on the spirometer and place it in their 
mouth.They may want to use a noseclip to prevent their breathing through their nose 
while making recordings

2.
Follow the directions given by the instructor on how to determine the above lung 
volumes.
3.
Measure each lung volume three times and then enter the data on the data sheet.

Respiratory Physiology

Data Sheet

Activity:  Measuring Respiratory Volumes:
A.  Resting Breathing Rate (breaths/minute):_______________

B.  Lung Volumes and Capacities:  TV, IRV ,ERV, FVC
	Table #1:  TV, IRV and ERV

	Lung Volumes (ml)
	1st 

reading
	2nd 

reading
	3rd 

reading
	Average

(ml)

	Tidal Volume
	
	
	
	

	Inspiratory Reserve Volume
	
	
	
	

	Expiratory Reserve Volume
	
	
	
	

	Vital Capacity
	
	
	
	

	Forced Vital Capacity
(Forced Expiratory Volume)
	
	
	
	

	Forced Expiratory Volume (FEV1) c
	
	
	
	

	Residual Volumea
	
	
	
	

	Minute Respiratory Volumeb
	
	
	
	


aapproximately 1200ml for men and 1000ml for women

bMinute respiratory volume = tidal volume x respiratory rate
c is 80% of FVC
C.  Vital Capacity

	Table #2:  Vital Capacity

	
	
	   Vital Capacity 

(ml)

	Predicted 

Vital Capacity (from formula)
	VCp
	

	Directly Measured 

Vital Capacity  (fromiWorx data)
	VCdm
	

	Calculated

Vital Capacity (as TV+IRV+ERV)
	VCc
	


Predicted Vital Capacity 
Use the equation below to calculate your predicted Vital Capacity. 



males = 
[27.63 - (0.112 x age)] x height in cms




females = 
[21.78 - (0.101 x age)] x height in cms

    

                                                         V.C.     Vital Capacity in liters
                                                         H          Height in centimeters
                                                         A          Age in years
Calculate the difference between your predicted vital capacity and your directly measured vital capacity:





VCdm
–   VCp =

___________

 At your discretion, provide the following information and record it on your data sheet:


a.  do you smoke ____________
   if yes, estimate packs/day:

____________


b.  do you exercise regularly:_________      if yes, estimate hours/week: ____________

1.  
How do your measured lung volumes compare with average values for each from your 
text?  Explain.

2.  
Which method seemed to produce the most accurate vital capacity

3. 
 Describe and interpret your individual results (eg. compared to average values, compared 
to your classmates, compared to predicted values for vital capacity, causes of differences, 
etc.)
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