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Essential	reading
https://www.thebsa.org.uk/wp-
content/uploads/2013/04/Tympano
metry-1.pdf



Brief	anatomy	recap
Tympanic	Membrane	(TM):	3	layers	
1) Outer	layer	of	skin:	Stratified	squamous	epithelium
2) Middle	layer:	Fibrous	connective	tissue	
3) Inner	layer:	A	single	layer	of	mucosal	connective	tissue	

Middle	Ear:	2	major	air	spaces
1) Epitympanic	recess	(contains	the	upper	half	of	the	malleus	and	the	

greater	part	of	the	incus)
2) Tympanic	cavity	proper	



Eustachian	tube

• Connects	the	ME	cavity	with	naso-pharynx	to	allow	equalization	of	
pressure	across	TM
• 36mm	long	
• 2	parts:	osseous	portion	(12mm)	– less	steep	than	cartilaginous

cartilaginous	portion	(24mm)	– opens	into	naso-pharynx	



Function	of	the	ME

•An	acoustical	transformer	

•An	impendence-matching	system



What	is	impedance?	

• A	measure	of	the	rejection	or	acceptance	of	energy	per	unit	time	

• A	system	of	high	impedance	accepts	energy	less	readily	than	one	with	
low	impedance	

• In	the	ear:	the	lower	the	impedance,	the	easier	it	is	for	sound	to	
transfer	from	the	middle	ear	into	the	inner	ear.	



What	does	the	ME	do?	

• Allows	improved	transmission	of	sound	energy	to	pass	from	the	outer	
ear	(full	of	air)	into	the	cochlea	(full	of	fluid)	

• The	impedance	mismatch	arising	from	the	air-filled	outer	and	middle	
ears	compared	to	the	fluid-filled	cochlea	requires	an	impedance	
matching	transformer,	otherwise	99%	of	the	incoming	sound	will	be	
reflected.	



ME	impedance-matching	system

• Its	malfunctioning	could	result	in	30dB	loss	of	sound!	

• 2	parameters	promote	the	efficient	energy	transfer:

1) Arial	ratio	
2) Lever	system	



Arial	Ratio	

• Ratio	of	the	TM	20	x	area	of	stapes	footplate	
• Acoustical	pressure	therefore	increases	at	the	oval	window	
• Which	results	in	a	26dB	boost	of	sound	
• Remember:	pressure	=	force	per	unit	area	



Lever	System

• Manubrium	of	the	malleus	and	the	long	process	of	the	incus	lie	
roughly	parallel	(with	the	manubrium	about	1.3	times	longer)	
• This	forms	a	lever	system	supplying	additional	aimplification



At	the	oval	window:	
Increase	in	pressure	
Decrease	in	velocity	



What	is	immittance testing?

• A	battery	of	tests	useful	in	the	diagnosis	of	hearing	impairment	
through	the	measurement	of	mobility	of	the	TM	and	ossicular chain	

• Aim:	To	see	how	well	the	middle	ear	mechanism	is	performing	its	
impedance	matching	function	

• Quick,	objective,	non-invasive	and	easy	to	do!



Admittance	measures	obtained

• Volume	of	the	external	ear	canal	
• Tympanogram	
• Middle	ear	pressure	
• Acoustic	reflex	thresholds	
• Acoustic	reflex	decay	
• Non-acoustic	reflexes	



Admittance	Techniques	

• When	performed	as	part	of	a	complete	test	battery,	powerful	tool	in	
evaluation	of:	
- Conductive	
- Cochlear	
- Retro-cochlear	
- Brainstem	disorders	



Tympanometry	

• Acoustic	admittance	as	function	of	ear	canal	pressure	

• Tympanogram:	A	graphic	display	of	TM	compliance	as	a	function	of	pressure	
changes	in	the	External	Auditory	Meatus	(EAM)

• Sensitive	to:	
- Middle	ear	effusion	
- Cholesteatoma	
- Ossicular adhesions	
- Space-occupying	lesions	in	contact	with	eardrum
- Ossicular discontinuity	
- Perforations	
- Ear	canal	occlusions	



What	do	we	need	to	do	Tympanometry?	

• DO	OTOSCOPY!	
• Hermetic	seal	of	probe	in	ear	canal	
• Variable	air	pressure	in	ear	canal	
• Probe	tone	
• Some	way	to	monitor	the	SPL	in	ear	canal	





Probe	Assembly

• Variable	intensity	low	frequency	probe	tone	
• Air-tight	seal	using	probe	tip	
• Microphone	picks	up	sound	in	ear	canal	

- To	control	level	at	sound	source	and	maintain	the	sound	pressure	at	pre-set	
level

- To	measure	the	amount	of	sound	reflected	back	from	the	TM	and	middle	ear	
system	



Ear	Canal	Volume	(ECV)

• Single	numerical	value	of	acoustic	impedance	of	middle-ear	system	
• Measured	as	the	equivalent	volume	in	cm3	of	a	column	of	air	with	
the	same	acoustic	compliance	as	the	middle	ear	system	being	tested	

• Ear	wax?
• Perforation?
• OME?



ME	Compliance	&	Pressure	

ME	Compliance	=	height	of	peak

ME	Pressure		=	Pressure	point	of	
max	peak		



ME	Compliance	&	Pressure	



Middle	Ear	Pressure:	Normal	Range	Values	
(According	to	BSA,	June	2012	draft)



Classification	of	Tympanograms	(Jerger)
Type	A



Classification	of	Tympanograms	(Jerger)
Type	As



Classification	of	Tympanograms	(Jerger)
Type	Ad



Classification	of	Tympanograms	(Jerger)
Type	B



Classification	of	Tympanograms	(Jerger)
Type	C



No	result/	Difficult	to	obtain	seal?





Tympanometry	Procedure





Valsalver and	Toynbee	Tests

Valsalver Toynbee



Acoustic	Reflex





Reflex	will	occur	only	if	the	following	are	
intact	and	functional	







Acoustic	Reflex	threshold- Definition:



Acoustic	Reflex	Pathway



The	ipsilateral	acoustic	reflex	



Right ipsilateral	pathway



Left ipsilateral	pathway



The	contralateral	acoustic	reflex



Right	contralateral	pathway



Left contralateral	pathway



Measuring	ARTs





Let’s	watch

• https://www.youtube.com/watch?v=djqZ6AweZfw
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