[image: Lt 2015 RGB.jpg]
Airflow – Background and Quiz

Contraction and relaxation of respiratory muscles changes the volume of the thoracic cavity and the pressure within it. These changes facilitate airflow in to and out of the lungs. 
[bookmark: _qdeg35cusulv]Respiratory muscles[image: ]
Diaphragm
The diaphragm is a large muscle that separates the thoracic and abdominal cavities. Contraction of the muscle causes it to flatten. This increases the volume of the thoracic cavity, lowering the pressure within it and allowing the lungs to fill with air. Relaxation of the muscle causes it to become dome-shaped, which decreases the volume of the thoracic cavity and raises the pressure within the cavity. This helps push air out of the lungs. The diaphragm is the primary muscle involved in breathing.
Each half of the diaphragm is innervated by a phrenic nerve.
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External intercostals
The external intercostal muscle fibers run downward and forward between the ribs. Contraction of the muscles raises and rotates the ribs to increase the volume of the thoracic cavity. These muscles are involved in quiet and forced inspiration.
The external intercostal muscles are innervated by intercostal nerves.
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Internal intercostals
The internal intercostal muscle fibers run downward and backward between the ribs. Contraction of the muscles pulls the ribs downward and inward. This decreases the volume of the thoracic cavity and assists forced expiration.
The internal intercostal muscles are innervated by intercostal nerves.
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Abdominal muscles
The abdominal muscles relax during inspiration. They contract during forced expiration, and help decrease the volume of the thoracic cavity by pushing the diaphragm upwards.
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Accessory muscles of respiration
When respiration is more vigorous (or in lung diseases where breathing is difficult), the accessory muscles of respiration become active. These include the sternocleidomastoid and the scalene muscles of the neck.

[bookmark: _uwddky9sxra4]
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[bookmark: _k4chtlvh55od]How does resistance affect airflow?
Resistance is a measure of the "difficulty" of flow, and differs between areas of the respiratory system. Resistance results from friction between particles as they move in a gas, and from friction between the gas and the tube wall. These interactions of gas particles depend on the following variables: 
· The dimensions of the airway (length and radius)
· The density of the gas
· The flow profile (whether the flow through the airway is laminar or turbulent)
For laminar flow, the rate at which air flows (Q) is proportional to the pressure gradient (ΔP) driving that flow. That is, Q ∝ ΔP. Thus, the rate of flow is determined by ΔP and by R: 
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Therefore, resistance is the ratio of the pressure gradient to flow rate:
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[bookmark: _r677448rt9xe]Effect of resistance on airflow
Respiratory bronchioles have small individual radii. However, the parallel arrangement of these small airways results in a large total cross-sectional area, which reduces resistance to airflow.
From the equation below, we know that flow is inversely proportional to resistance:
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Mechanics of breathing
The muscles of the respiratory system contract and relax to alter the volume of the thoracic cavity. This changes the pressure in the thoracic cavity and lungs, relative to pressure in the environment. As a result, air flows down the pressure gradient that is created.
Read below to see how the lungs change in volume, and how this produces cyclical changes in airflow.[image: ]

Resting
When the pressure within the lungs (Plung) is equal to that of the atmosphere (Pair), the respiratory system is in a resting state. No air moves in or out.





Inspiration[image: ]
For air to flow into the lungs during inspiration, the pressure of air in the lungs has to be decreased below atmospheric pressure. 
In quiet breathing, contraction of the diaphragm pushes the abdominal contents downwards. Contraction of the external intercostals lift the rib cage up, and widens the thoracic cavity.
Both of these contractions increase the volume of the thoracic cavity and lower the intrathoracic pressure so that it is below atmospheric pressure. This decreased pressure causes air to flow from the atmosphere into the lungs.
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Expiration
To remove air from the lungs during expiration, the pressure of air in the lungs has to be increased above atmospheric pressure.
In quiet breathing, this is achieved by relaxation of the external intercostal muscles and the diaphragm.
The passive elastic recoil of the lungs and chest wall decreases intrathoracic volume which increases the intrathoracic pressure. This raises the pressure in the lungs, and air flows out of the lungs into the atmosphere.



Many important aspects of lung function can be determined by measuring airflow and the corresponding changes in lung volume. This is called spirometry, and it is the most common pulmonary function test that is routinely performed. Spirometry uses a device called a spirometer to record changes in lung volume directly. The resulting graph of lung volume over time is called a spirogram. In these recordings, inspiration produces an upward waveform deflection, whereas expiration produces a downward deflection. Different spirometers use different methods to measure flow and volume.
[bookmark: _8a85h5bmuzpo]The PowerLab pneumotachometer
A pneumotachometer is one example of a spirometer that uses flow rate to measure volume. Air is breathed through a fine mesh to create a pressure difference across the mesh. This pressure difference is proportional to flow rate. The volume (V) is then calculated as the integral of flow.
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[bookmark: _p7e296hek3fm]Static lung parameters
The respiratory cycle (inspiration and expiration) can be thought of as containing multiple phases or compartments. Each of these is associated with a different volume of air.
At rest, we breathe in a certain amount of air and expire the same amount of air. This repeats for as long as we're at rest, and since it mimics the ebb and flow of the tides, it is called tidal breathing. This restful breathing uses only a small fraction of our lung capacity, so if you were asked to inspire or expire more air you would be able to do so. That is, we have reserve volume in our lungs to expire, and the potential to inspire more air at will. However, there are limits to how much air we can inspire or expire, as our lungs have a limited total volume. The image below shows the approximate magnitude of both tidal volume and the reserve volumes.[image: ]
Inspiratory reserve volume (IRV)
This is the maximum volume above the tidal volume, that we can inspire into our lungs (approximately 3 L).
Tidal volume (VT)
This is the volume we inspire and expire during restful breathing. Normally the rate of breathing is 10–12 respiratory cycles per minute, and in adults VT is approximately 0.5 L.
Expiratory reserve volume (ERV)
This is the maximum volume below the tidal volume, that we can expire from our lungs (approximately 1.5 L).
Residual volume (RV)
This is the volume of air remaining in the lungs after a full expiration (approximately 1.2 L). We can never empty the lungs completely.
[bookmark: _gzoepbi1a7pn]Lung capacities
When discussing multiple lung volumes it is easiest to group them together. These groupings are known as lung capacities. There are five lung capacities that together comprise the total lung capacity (TLC). Each capacity is the sum of at least two lung volumes. 
Inspiratory capacity (IC)
This is all the air breathed in during a maximal inspiration at the end of a normal expiration. It is calculated by IRV + VT.[image: ]
Expiratory capacity (EC)
This is all the air breathed out in a maximal expiration after a normal inspiration. It is calculated by VT + ERV.
Functional residual capacity (FRC)
This is the volume of air remaining in the lungs at the end of a normal expiration. It is calculated by ERV + RV.
Vital capacity (VC)
This is all the air that can be expired from a maximal inspiration. It is calculated by IRV + VT + ERV.
Total lung capacity (TLC)
This is all the air that it is possible for the lungs to contain. It is calculated by IRV + VT + ERV + RV.
[bookmark: _yb0j6a3h6hrm]Dynamic lung parameters
Forced vital capacity (FVC)
The volumes that a person can inspire or expire are important, but what about when there is a time pressure?
It is important to not only know the different static volumes, but also how quickly these volumes can be inspired or expired. Dynamic means to be changing, thus, dynamic lung parameters are those that depend on time. That is, the rate of airflow, as this indicate the openness of the airways. One example of a lung parameter that depends on rate is forced vital capacity (FVC). This is the maximum volume of air that a person can forcibly expire after a maximal inspiration.
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Forced expiratory volume in one second (FEV1)
In order to calculate a rate, we need both volume and the time taken to transfer that volume. For spirometry, the standard time is one second after expiration from a maximal inspiration. This volume is known as the forced expiratory volume in one second (FEV1). The time is fixed to one second to standardize all FEV1 measurements. This allows for comparisons between people, as well as for an individual at different times.  
FEV1/FVC ratio
It is important to compare someone's FEV1 with their FVC. By doing so you are able to produce a ratio. Knowing the ratio allows you to know the fraction of FVC that was able to be expired in one second. The lower the ratio, the more likely it is that the airways are obstructed. A healthy person will have a ratio of 0.8 (80%) or more. This value is used in the clinical setting to help determine whether a patient has obstructive lung disease or restrictive lung disease.
Spirograms show volume changes over time. However, airflow is not the same at every lung volume. To measure this, we plot lung volume against airflow. Doing so produces a flow-volume loop, as breathing is a continuous act. 
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Flow-volume loops are graphical representations of inspiratory and expiratory flows. They allow airflow to be measured for a specific lung volume. Flow-volume loops are normally plotted when a person expires as rapidly as possible following a maximal inspiration, but the same loop can be plotted for restful breathing or during exercise.







Learn more about flow-volume loops below.[image: ]

Flow volume loop
The figure shows a flow-volume loop for a healthy adult during a maximal breath. 
The y-axis indicates flow rate (L/s). By convention, expiratory flow is positive (above zero) while inspiratory flow is negative (below zero). The x-axis indicates the volume in liters (L).
The loop "begins" when you start to exhale from total lung capacity (TLC). This is where both flow and volume are zero.
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Expiration
Flow reaches a peak value, called the peak expiratory flow rate (PEFR). Following this, flow rate decreases linearly as more air is expired (the curve descends in a relatively straight line). 
The flow during the middle half of forced expiration is referred to as forced expiratory flow (FEF). It is common to mark FEF at defined percentages of the forced vital capacity (75%, 50%, and 25%). 
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Inspiration
When the flow reaches zero, you have expired as much air as possible. The only air remaining in the lungs is the RV. The difference in volume between the beginning and end of a maximal expiration is the VC.
If you now make a maximal inspiration you will at some point reach a maximal inspiratory flow rate (PIFR). Flow eventually returns to zero at TLC, effectively closing the loop. But closure of the loop is not necessary, as it is the expiratory information that is diagnostically significant.
Note that time is not shown in flow-volume loops so it is not possible to determine FEV1. This is determined from the original recordings from which the data for the flow-volume loops is derived.
[image: ]
Non-maximal breathing
Flow-volume loops can be plotted for both tidal (inner dashed loop) and exercise (outer dashed loop) breathing patterns. This allows us to see how flow rates differ between varied conditions.


[bookmark: _2lvvqmp8g1o0]
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[bookmark: _j2zomkdjw524]Respiratory disorders
Respiratory disorders can affect lung volumes, airflow, or both. Spirometry and the use of spirograms and flow-volume loops is a common method for diagnosing these disorders.
Two common types of respiratory disorders are obstructive lung disease and restrictive lung disease. Their respective flow-volume loops highlight some key differences. Individuals with an obstructive lung disease have difficulty breathing, due to narrowing of the airways or damage to the lung tissue. Asthma and chronic obstructive pulmonary disease (COPD) are two examples of obstructive lung diseases.










Table of respiratory-related terms, abbreviations, and units.
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[bookmark: _ku5407icd7lt]Pre-Lab Prep Quiz
1. Which statement is true regarding tidal volume (VT)?
a. It is the volume breathed in each breath.
b. It is the volume breathed in each minute.
c. It is unaffected by the frequency of breathing.
2. Which statement is true regarding expiratory reserve volume (ERV)?
a. ERV is kept at a low volume so that the vast bulk of the alveolar gas can be replaced with fresh air during the next inspiration.
b. ERV is the maximal amount of air that can be exhaled from the lungs after a normal expiration.
c. ERV is very small and unimportant in normal respiration.
3. Which statement is true regarding residual volume (RV)?
a. RV is mostly found in the anatomical dead space.
b. RV is the volume of gas left in the respiratory system after exhaling maximally.
c. RV usually decreases in individuals with chronic obstructive lung disease (COPD).
4. Which statement is true regarding vital capacity (VC)?
a. VC is a measure of the amount of gas that it is vital to retain in the respiratory system at the end of expiration.
b. VC is a measure of the maximum volume of gas in the respiratory system that can be exchanged with each breath.
c. VC is a measure of the volume of gas normally exchanged with each breath.
5. In the respiratory system, what is the major difference between a volume and a capacity?
a. A capacity is the sum of at least two volumes.
b. A volume is the sum of at least two capacities.
c. Their units are different.
6. During normal resting respiration, which of the following occur within the same breath?
a. The temperature of the exhaled gas is the same as that of the inhaled gas.
b. The volume of the exhaled gas exceeds that of the inhaled gas.
c. The water content of the exhaled gas is the same as that of the inhaled gas.
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AP = pressure gradient, Q = flow rate, R = resistance
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AP = pressure gradient, Q = flow rate, R = resistance
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The PowerLab pneumotachometer.
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V=volume, F = flow, and dt = change in time
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This spirogram shows a change in lung volume as a healthy individual performs the FVC procedure.
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Term Abbreviations Units
Respiration rate RR breaths/min (BPM)
Expired minute volume VE=RRXVT Umin

Lung Volumes

Tidal volume vr L
Inspiratory reserve volume IRV L
Expiratory reserve volume ERV L
Residual volume RV (predicted) L

Lung Capacities

Inspiratory capacity IC=VT +IRV L
Expiratory capacity EC=VT+ERV L
vital capacity VC= IRV + V7 + ERV L
Functional residual capacity FRC= ERV +RV L

Total lung capacity TLC=VC+RV L
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