Lecture 2

Middle Ear 

· Think of it as a cube 

· • Outer wall formed by eardrum.

· • Inner wall – body edge of coclea and would include round and oval windows

· • Front wall opens into eustachian tube

· • Back wall opens into mastoid air cells

· • Roof separates middle ear from temporal lobe

· • Floor separates middle ear from jugular vein and internal carotid artery (neck) 

· Middle Ear 

· The middle ear or tympanic cavity is an irregular, laterally compressed space within the temporal bone. It is filled with air, which is conveyed to it from the nasal part of the pharynx through the auditory tube or Eustachian tube. 

· The middle ear contains a chain of movable bones, which connect its lateral to its medial wall, and serve to convey the vibrations communicated to the tympanic membrane across the cavity to the internal ear. 
· Middle Ear 

· The middle ear is a small (2cm) box shaped cavity having six walls.

· It links the air filled outer ear to the fluid filled inner ear.

· It has three bones inside along with two muscles and a branch of the facial nerve running through its space.

· The tympanic cavity consists of two parts: the tympanic cavity proper, opposite the tympanic membrane, and the attic or epitympanic recess.
· Middle Ear 

· The posterior wall of the middle ear arises from the mastoid bone and communicates with the mastoid antrum (cavity) through the aditus to antrum. 

· Mastoid cavity has air cells and is similar to the pockets of such cavities that exist in the skull filled with air and thereby making the skull lighter (air sinuses). From the posterior wall emerges the tendon of the muscle stapedius which connects to the neck of the stapes bone 

· Middle Ear 

· The Inferior wall is the floor of the middle ear. Its also known as the jugular wall and it separates the middle ear from the jugular bulb underneath.

· The Superior wall of the middle ear is derived from the tegmen tympani bone and it separates the middle ear from the cranial cavity.

· The Lateral wall of the middle ear mainly consists of the tympanic membrane (ear drum).

· The medial wall of the middle ear is from the petrous bone and it separates the middle ear cavity from the inner ear.

· Tympanic Membrane 

· Tympanic Membrane consists of three layers, the outermost squamous, middle fibrous (thick), and the innermost mucosal lining continuous with the lining of the middle ear.

· It has a tense portion (pars tensa 70%) and a flaccid portion (pars flaccida 30%) with a projection in the middle  known as umbo (where the handle of the malleus is attached).

· When viewed with an otoscope it looks circular, pale pink, and semi transparent. 

· Tympanic Membrane 

· The handle of the malleus is seen through it along with a patch of reflection of light  known as cone of light.

· The tympanic membrane has a diameter of 65 mm², but only a portion of it vibrates effectively leading  to an effective area of 55 mm².
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· Tympanic Membrane 

· An annulus fibrosus 

· Lpi long process of incus sometimes visible through a healthy translucent drum

· Um umbo the end of the malleus handle and the centre of the drum

· Lr light reflex anteroinferioirly 

· Lp Lateral process of the malleus 

· At  Attic also known as pars flaccida 

· Hm handle of the malleus 
· Eustachian Tube 

· It communicates with the nasopharynx (throat) through the Eustachian tube.

· The Eustachian tube originates from the nasopharynx at the point called the tubal elevation a mass of lymphoid tissue.

· The tube opens along the bottom of the anterior wall in the middle ear cavity.

· It has a bony and cartilaginous portion with 1/3 being bony and 2/3 cartilaginous  towards the pharynx.
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· Eustachian Tube 

· In children it is horizontal and open.

· The upper respiratory infection in children can make their way into the middle ear through this tube and cause otitis media. 

· The tube is narrow in the middle and is normally closed in adults, but opens during yawning or coughing.
· Eustachian Tube 

· The functions of the Eustachian tube are ventilation and drainage.

· Upon its opening it allows fresh air into the middle ear space equalizing pressure on both sides of the tympanic membrane.

· The middle ear secretions from its mucosal lining collect and are led out through the tube (drainage).

· These two important functions are essential to keep the middle ear intact. 

· Eustachian Tube 

· The middle ear is hollow. If the person moves to a high-altitude environment, or dives into the water, there will be a pressure difference between the middle ear and the outside environment. 

· This pressure will pose a risk of bursting or otherwise damaging the tympanic membrane if it is not relieved. 

· The Eustachian tubes are normally pinched off at the nose end, to prevent being clogged with mucus, but they may be opened by lowering and protruding the jaw; this is why yawning or chewing helps relieve the pressure felt in the ears when on board an aircraft.

· Ossicles 

· There are three tiny bones in the middle ear known as ossicles which are the smallest bones in the human body.

· They are the malleus, incus, and stapes bones. The ossicles were given their Latin names for their distinctive shapes; they are also referred to as the hammer, anvil, and stirrup, respectively.

· They are connected together forming an ossicular chain from the tympanic membrane to the inner ear.

· Malleus is the largest of the three bones and has a body and a long handle or the manubrium.

· The handle of the malleus (manubrium) is attached to the tympanic membrane at the umbo.

· Ossicles 
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· Ossicles 

· Malleus is connected to the Incus through the incudo-malleolar joint a synovial joint.

· The Incus has a large body and crus.

· The Incus is attached to the Stapes bone through the incudo-stapedial joint.

· The Stapes is the smallest bone in the human body.

· It has a neck and a large foot plate. 

· Muscles 

· There are two muscles in the middle ear. Both muscles are encased within bony canals attached through tendons to the ossicles.

· The tensor tympani muscle occupies an osseous semicanal on the anterior wall of the tympanic cavity superior to the Eustachian tube. Separated by a thin bony shelf.

· The tendon is attached to the handle of the malleus (manubrium).

· Upon contraction it pulls the malleus anteromedially at right angles to the motion of the ossicles. 

· It is innervated by the branch of the trigeminal nerve (V cranial nerve).

· Muscles 

· The Stapedius muscle is the smallest muscle with an average length of 6.3 mm, while the Tensor Tympani is 25 mm.

· The Stapedius muscle emerges from a bony projection (pyramid) in the posterior wall and attaches to the neck of the Stapes.

· Upon contraction it pulls the Stapes posteriorly and it is supplied by the stapedial branch of the facial nerve (VII cranial nerve).

· Damage to the facial nerve during surgery can cause facial paralysis. 
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· Muscles 

· Both these muscles on contraction increase the stiffness of ossicular chain and tympanic membrane.

· The effect would lessen the amount of energy conducted by the ossicular chain.

· When the stapedius muscle contracts, it reduces the action of the stapes (i.e., it reduces amplification). 

· It contracts just before speaking and chewing because our own speaking and chewing actually could be loud enough to damage the sensitive mechanisms of the inner ear if the sounds were further amplified.
· Acoustic Reflex 

· The tensor tympani muscle acts to tense the tympanic membrane reducing the effectiveness of sound transmission, protecting the inner ear during loud sounds. 

· Acoustic reflex is the respond to loud sounds, which is usually the stapedial contraction, but to extremely intense sounds the tensor tympani would also contract.  

· Middle Ear 
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MIDDLE EAR FUNCTION 

A. Protective Function 

1. Tympanic Membrane (TM)

2. Stapedius Muscle

B.  Matches Impedance 

From air filled outer ear to fluid filled inner ear.  Without the middle ear mechanism, sound waves would bounce off inner ear (oval window) or be distorted.  Matches impedance by leverage action of ossicles and thereby transferring acoustic energy at TM to mechanical energy via ossicles, to smaller area of oval window.  TM 22x larger than oval window.
C. Position of Eustachian Tube


Functions to equalize pressure in ME.  Some individuals have a more horizontal rather than vertical Eustachian tube and that can cause an increase in ME problems.
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