Physiology of the nose

Although nose is a paired structure, divided coronally in to two chambers it acts as a functional unit:
1 The nose contains the organs of smell as well as respiration

2 The nose warms, cleans and humidifies the inspired air and prepares it for pulmonary surfaces.

3 It also alters the expired air

4 It is a rigid airway to the lower respiratory tract

5 It is a self-cleaning structure

6 It also adds quality to speech production

Respiration:

The nose performs three functions: humidification, heat transfer and filtration. The nose can be bypassed during exercise because there is a great reserve of function within the respiratory tract. Because of its ability to transfer heat, the nose may be more important in temperature regulation of inspired air than in respiration.

Air conditioning:

The nose may be considered as a heat exchange system where two ‘fluids’ are in thermal but not direct contact. One of the fluids is inspired air; the other is blood supply of the nose. The main blood supply comes from spheno-palatine artery, the branches of which run forward in nose, particularly over the turbinates. During inspiration, the blood flow is counter-current to airflow and is thus more efficient in warming the inspired air.

The humidification of the inspired air occurs by evaporation from the mucous blanket covering the mucous membrane. Thus energy is required for two functions: raising the temperature of inspired air and latent heat of evaporation. These functions require 2100kJ every day in an adult. This also depends on local ambient temperature and relative humidity. 

About 10% of body heat loss occurs through nose. In spite of variation in temperature of the inspired air, the air in post nasal space is about 31degree C and is 95% saturated.

The nasal mucous membrane is varying degree cooler than the expired air. Hence there is some condensation and warming of nasal mucosa on expiration. About one third of water required to humidify the air is recovered this way. People who breathe in through the nose and out through the mouth will dry the nasal mucosa.  

The inferior turbinate, which contains the majority of blood spaces acts primarily not as a radiator of heat but as a valve that controls capacity of nose.

Air flow:

The nose provides a passageway through which the incoming and outgoing air passes. Anteriorly the support is provided by semi rigid Upper Lateral and Lower Lateral cartilages; posteriorly the airway is essentially rigid. 

After entering the nose in an essentially vertical direction the air stream turns 80 to 90 degree posteriorly as it reaches the nasal vault. The air passes mainly over the anterior part of inferior turbinate, below and over the middle turbinate and then into posterior choana. The airflow is considered laminar during inspiration but even in quiet respiration some eddies do occur in olfactory region.

After passing through the posterior choana the air impacts against the posterior wall of nasopharynx where an 80 to 90 degree bend downwards occurs to direct the flow, now joined with its fellow from the other side, posterior to the palate in to the pharynx.

Each of these sharp bends of 80 to 90 degree is termed impaction point and facilitates removal of the particulate matter.  

Expiration lasts longer than the inspiration and the flow is turbulent because of the relative obstruction at the anterior nasal valve. The deviated nasal septum or other airway obstructions increase the eddying also.

Protection of the lower airway:

One of the functions of the nose is to remove particles from the inspired air in order to protect the lower airway. The nose is able to filter our particles as small as 30 micro meters. This includes most pollen particles, which are the smallest particles deposited. This accounts for the fact that nose is the commonest site for hay fever.

The nose is able to achieve this because of its morphology:

1 The inspired air travels through up to 180 degree and during this time there is not only direction but velocity change as well dropping markedly after the nasal valve. Turbulence encountered also increases deposition of particles.

Nasal Resistance:

The nose accounts for nearly half of the total airway resistance. Nasal resistance is produced by two resistors in parallel and each cavity has a variable value produced by nasal cycle. 

The narrowest point of the nose is nasal valve. It comprises lower edge of upper lateral cartilages, the anterior end of inferior turbinate and the adjacent nasal septum. This valve is the main factor in promoting turbulent air flow.

The resistance is important during expiration because the positive pressure is transmitted to the alveoli and keeps them expanded. Removal of this resistance by tracheostomy is a mixed blessing, while it reduces the dead space, but results in a degree of alveolar collapse. 

Nasal Cycle:


The nasal cycle consists of alternate nasal blockages between the two passages. The changes are produced by vascular activity, particularly the volume of blood on the venous sinusoids. Cyclic changes occur between 4 to 12 hours and are constant for each person. It can be demonstrated in over 80% of adults.

Various factors modify nasal cycle and include allergy, infection, exercise, pregnancy, fear and emotions. These changes are controlled by autonomic nervous system.

Cilia and ciliary action:

Cilia are found on the surface of the cells of respiratory epithelium. Each cilium is composed of a shaft, basal body, a basal foot and a rootlet. They are 5mm long and 2-3 mm thick. Their beat frequency is between 6 and 16 Hz at body temperature. The beat consists of rapid propulsive phase and slow recovery phase. The whole blanket moves in a posterior direction at an average rate of 6mm/minute.

The nose is a remarkably constant environment and changes will affect ciliary action.

1 Drying stops the cilia

2 Movement will cease below 10 and above 45 degree centigrade.

3 Isotonic saline preserves ciliary activity but solution above 5% or below 0.2 % will cause paralysis

4 URTI damage the epithelium

5 Ciliary function deteriorates with age

Nasal secretions:

The mucous blanket is a thin, sticky, tenacious adhesive sheet. In health the pH is 7 or slightly acid. Its composition of nasal secretions is:

2 Mucin: 2.5 to 3 %

3 Salts: 1 to 2 %

4 Water: 95%

5 Mucus also contains IgA2 and IgE

The beating of underlying cilia propels blanket of the mucus along with the trapped material in continuous movement towards pharyngeal end of the Oesophagus where it is swallowed or expectorated.

Mucus is produced by both mucous and serous glands and principally by goblet cells of the mucosa.

1 In the posterior two third of the nose the streaming from the middle meatus passes chiefly along the depth of the meatus, emerging under the tip of posterior end of middle turbinate and passes down anterior to the Eustachian tube. 

2 From the superior meatus the mucus stream divides in to anterior and posterior streams around torus tubarius and joins again below it.

3 From the sphenoid sinus the stream passes down the posterior margin of the septum.

Two layers of the mucus blanket have been identified. 

Enveloping the shaft of the cilium is thinner less viscid layer. 

Above this is the more viscid layer of mucus in to which distal tips of ciliary shaft penetrate when fully extended. Insoluble particulate matter is apparently are caught in the superficial layer and removed with the beating of cilia. 

Soluble material reaches the preciliary fluid and is evacuated along with it.

Collectively the two layers are termed the blanket of mucus. The anterior group of sinuses discharges its mucus into the middle meatus where the bulk of air conditioning occurs. 

Proteins in nasal secretions are derived either from circulation or produced by mucosa. 

1 Some compounds such as Lactoferrin are present only in nasal secretions. Lactoferrin by removing heavy metal ions, particularly iron prevents growth of certain bacteria particularly staphylococcus and pseudomonas. 

2 Lysozymes come from serous glands and tears and are also produced by leucocytes and macrophages. They act only on bacteria without capsule.

Olfaction:

Olfaction initiates and modifies the behavior in many creatures. Animals can be divided into two categories; microsomatic and macrosomatic depending on acuteness of sense of smell. In the former to which man belongs, the olfactory sense is poorly developed and is not of importance to safety of the animal or the way it procures the food.

Olfactory compounds need high water and lipid solubility. The solute in the mucus is presented to the sensory mucosa. 

Man discriminates a large number of smells but the olfactory mucosa and pathways fatigue and subsequently recover quickly.

According to stereochemical theory of olfaction, each of seven primary odors or modalities of sense of smell possesses a molecule of unique size and shape and of an electrophilic nature. The olfactory epithelium is then presumed to possess receptor sites that have definite shapes and dimensions, so that a specific odor molecule is required for particular receptor.

The primary odors are ethereal, camphoraceous, musky, floral, pepperminty, pungent and putrid.

Olfaction is used for four main areas of behavior: the detection and consumption of food, recognition, territorial markings and sexual behavior. Perception decreases with age and neurodegenerative disorders.

