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(57) ABSTRACT 

An ear probe for insertion into a ?rst ear of a patient for 
conducting multiple diagnostic hearing tests is provided. 
The probe comprises at least one lumen for transmitting test 
sounds to the ear of the patient, and at least one lumen for 
transmitting a hearing test result from the ear of the patient. 
The hearing test result may be a sound or an electronic signal 
representing the sound. The lumens are preferably coupled 
to transducers for providing the test sounds to the patient and 
transmitting the test result sounds through the ear probe. 
Multiple test sound lumens and test result lumens may be 
provided for different hearing tests, and an air delivery 
lumen is preferably provided for delivering air to and 
removing air from the ear during tympanometric testing. 
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EAR PROBE FOR CONDUCTING MULTIPLE 
DIAGNOSTIC HEARING TESTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application for patent claims the bene?t of 
priority from, and hereby incorporates by reference, US. 
Provisional Patent Application Serial No. 60/383,303, 
entitled “Audiometer,” ?led on May 23, 2002, and US. 
Provisional Patent Application Serial No. , entitled 
“System and Methods for Conducting Multiple Diagnostic 
Hearing Tests,” ?led on Apr. 29, 2003. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention is directed in general to the ?eld of 
audiological testing for human or animal patients, and more 
particularly to systems for conducting multiple diagnostic 
hearing tests to assess and analyZe hearing loss in human 
patients. Systems of the invention provide an apparatus for 
reliably determining the air-conduction and bone-conduc 
tion hearing thresholds of a patient, and for conducting one 
or more additional tests involving acoustic immittance, 
otoacoustic emission, speech recognition threshold and 
speech discrimination. The systems further comprise com 
ponents for performing such tests. 

[0004] 2. Description of the Related Art 

[0005] Recent studies suggest that over 20 million people 
in the United States alone have some degree of hearing loss. 
The number of people WorldWide Who have some degree of 
hearing de?cit is estimated to be much greater. Not surpris 
ingly, many hearing-impaired people are unaWare that they 
have suffered a decrease in hearing capacity. Because of the 
complexity of the hearing process itself, decreased hearing 
capacity may involve any of several factors, including age, 
health, occupation, injury, disease, and exposure to ototoxic 
agents, including some antibiotics. This loss of hearing can 
lead to signi?cant reductions in quality of life, impaired 
relationships, reduced access to employment and diminished 
productivity. 
[0006] Failure to treat the hearing loss may Worsen its 
impact not only on the quality of life of the patient but also 
on economic productivity as a Whole. According to the 
Better Hearing Institute, the annual cost in the United States 
in terms of lost productivity, special education, and medical 
care because of untreated hearing loss is approximately $56 
billion. Much of this staggering cost could be reduced or 
prevented by early detection and treatment. Unfortunately, 
feW people obtain regular and frequent hearing tests as a part 
of their routine healthcare due, at least in part, to the lack of 
a simple, convenient, and relatively inexpensive system for 
conducting hearing tests. 

[0007] Traditionally, hearing tests are conducted in a clini 
cal setting by a hearing health professional, such as an 
audiologist, Who administers the hearing tests manually. In 
perhaps the most common type of testing, the hearing health 
professional controls an audiometer to produce a series of 
tones that each have a very speci?c frequency and intensity. 
The term “intensity” as used herein refers to the amplitude 
of the tone and is usually given in decibels (dB), expressed 
either as Sound Pressure Level (dB SPL), Which is a 
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logarithmic scale ratio of the intensity of a sound relative to 
a threshold value, usually 2x10‘2 N/M2, or Hearing Level 
(db HL), Which is a value normaliZed for a particular 
frequency to the threshold for patients With normal hearing. 
See, e.g., Gelfand, S., Essentials of Audiology, 2d ed., 
chapters 1, 3-6, Thieme Medical Publishers, Inc. (2001). 

[0008] Because each of the tones has a speci?c frequency 
and intensity, this type of testing is knoWn as “pure-tone” air 
conduction audiometry or “pure-tone threshold testing” for 
air conduction. Threshold testing may also be performed for 
bone conduction hearing and for speech recognition. In 
addition, related tests to determine speech discrimination 
capacity may also be performed. The foregoing types of 
testing, Which involve providing a sound, such as a pure tone 
or speech, to the ear of the patient and determining Whether 
the patient can hear or distinguish the sound, are referred to 
collectively as “audiometry,” or “audiometric testing.” Thus, 
air-conduction threshold, bone-conduction threshold, speech 
recognition threshold and speech discrimination tests are 
speci?c audiometric tests. Other types of hearing testing 
include acoustic immittance testing, Which includes tympa 
nometric testing and acoustic re?ex testing, and otoacoustic 
emission testing. Such tests are Well knoWn in the art of 
hearing testing and are commonly performed by hearing 
health professionals. 

[0009] In the typical manual protocol for pure-tone air 
conduction threshold testing, electrical signals produced by 
the audiometer are converted into the desired pure tones by 
a transducer, such as earphones or ear inserts, located at or 
immediately adjacent to the ear of the patient, Who is 
sequestered in a quiet room or sound isolation booth. For 
each audible tone, the patient gestures or otherWise indicates 
that he has heard the tone. If the tone is not audible, the 
patient does not respond. The hearing health professional 
thereafter adjusts the intensity level of the tone in preset 
increments until it becomes audible to the patient. By 
repeating this process for several different tones and com 
piling the results, the hearing health professional is able to 
determine the deviation of the patient’s hearing threshold, at 
each frequency tested, from the reference hearing threshold 
established for normal hearing. The deviation of the thresh 
old, if any, is a measure of the patient’s hearing loss. 

[0010] Manual administration of the pure-tone threshold 
test has certain advantages. Because the hearing health 
professional is physically present, he can apply his consid 
erable training and experience during the test. For example, 
by simply talking to the patient and varying the loudness of 
his voice, the hearing health professional can determine an 
initial intensity level at Which to start the tones and sounds. 
Furthermore, the hearing health professional can adapt the 
pace of the test as needed to accommodate a tired or 
uncooperative patient. Most importantly, the hearing health 
professional can discern betWeen false responses or guesses 
and responses that are legitimate. Finally, the hearing health 
professional can adjust the results of the hearing test as 
needed to re?ect extenuating circumstances or problems, 
such as excessive ambient noise, equipment limitations, and 
other similar factors. 

[0011] Like most highly trained and specialiZed medical 
professionals, hoWever, a hearing health professional’s time 
and services are usually very expensive. Accessibility and 
convenience can also be issues, as there are feWer hearing 
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health professionals relative to other types of medical pro 
fessionals. And While hearing health professionals are highly 
trained, they are limited in their ability to make rapid and 
accurate calculations of the test data and have to rely on 
approximations and rules of thumb for guidance in many 
instances. In addition, feW hearing health professionals in 
the United States can speak a foreign language and, there 
fore, traditional hearing tests are almost alWays administered 
in English, Which can be a problem for non-English speak 
ing patients. 

[0012] Other draWbacks of the traditional, manually 
administered hearing tests include the need for a quiet room 
or sound isolation booth in order to properly conduct the 
tests. The quiet room or sound isolation booth has to comply 
With ANSI (American National Standards Institute) require 
ments in terms of hoW much ambient noise may penetrate 
the room or booth during a test. Typically, a specially trained 
technician must evaluate and certify the quiet room or sound 
isolation booth as meeting ANSI standards before the room 
or booth can be used. Such testing and/or certi?cation is 
performed independently of the actual testing administered 
to a patient, and thus the actual ambient noise levels (and the 
reliability of the testing) during the testing of a given patient 
is unknoWn in current audiometric systems. In addition, 
there are at present relatively feW technicians Who are 
trained to perform such evaluations and certi?cations. All 
the above factors combine to increase the compleXity of the 
traditional hearing tests and thereby discourage or at least 
contribute to a general lack of interest by most people in 
obtaining regular and frequent hearing tests. 

[0013] One attempt to simplify the traditional hearing test 
involves the use of a computer netWork, such as the Internet, 
to administer the test. The computer netWork facilitates 
interaction betWeen a centraliZed test administration site and 
remotely located patient sites. Such an arrangement makes 
it possible (or at least more convenient) for people in remote 
or rural areas to obtain a hearing test. The test can also be 
performed to meet standardiZed guidelines such as ANSI 
requirements or certi?cation standards. Despite the 
increased convenience, hoWever, a hearing health profes 
sional still has to manually administer the test, albeit 
remotely. In this regard, the test is very similar to the 
traditional hearing test and has many of the same shortcom 
ings, in addition to the fact that the health professional is not 
physically present. 

[0014] Accordingly, there is a need for a simpler, less 
expensive, and more convenient system for air-conduction 
threshold testing (and other types of hearing tests) that does 
not compromise the accuracy or thoroughness of the tests. In 
particular, there is need for an improved system to provide 
hearing tests that can be self-administered by the patient 
rather than by the hearing health professional, While retain 
ing the advantages of having a skilled hearing health pro 
fessional manually administer the test. There is also a need 
for a system for performing hearing tests that is capable of 
determining Whether ambient noise levels are Within accept 
able levels during actual patient testing. 

[0015] In addition to the foregoing limitations associated 
With audiometric testing, other particular testing limitations 
preclude Widespread hearing testing. One such limitation 
involves bone-conduction hearing. Because the bones of the 
skull resonate in response to sound, hearing via bone con 

Apr. 15, 2004 

duction can be tested in a manner analogous to air conduc 
tion. HoWever, instead of pure tones delivered by air con 
duction through earphones or loudspeakers, bone 
conduction hearing is tested by delivering sound through a 
bone-conduction vibrator coupled directly to a bone of the 
skull, usually the mastoid bone but in some instances the 
forehead. 

[0016] Bone conduction testing is clinically signi?cant 
because differences betWeen the air-conduction and bone 
conduction hearing thresholds provides an indication of hoW 
much of a hearing loss is attributable to the conductive 
structures in the outer and middle ear, and hoW much is 
attributable to the sensorineural structures of the inner ear 
and the auditory nerve. HoWever, a reliable bone-conduction 
test apparatus has proven dif?cult to obtain because of 
equipment limitations. In particular, the vibrator element 
usually is encased in a protective plastic shell that is coupled 
to a holder, typically either a headset-type spring or a 
headband. Mastoid-placement bone conduction is particu 
larly dif?cult because the anatomy of the mastoid makes 
slippage and/or shifting of the vibrator common. Physiologi 
cal differences among patients, such as bone contours and 
fatty deposits in the area, are also more variable at the 
mastoid than the forehead. Even forehead-conduction bone 
testing may be difficult, hoWever, not only because of 
insecure placement and slippage but also because of attenu 
ation of the bone-conduction signal through the holder. 
Accordingly, there is a need for an improved bone-conduc 
tion test apparatus that provides consistent and secure place 
ment, no attenuation, and reliable results. 

[0017] There is a further need for a system capable of 
conducting multiple diagnostic hearing tests in a single, 
convenient system. While many types of diagnostic hearing 
testing eXist, most systems typically are capable of perform 
ing only a single test or single type of test. Most audiometer 
systems, for eXample, are only capable of performing air 
conduction and/or bone-conduction threshold testing. 
Although some audiometric systems may perform speech 
recognition testing, there are no commercially available 
systems capable of conveniently and reliably conducting 
both audiometric testing and acoustic immittance testing. In 
addition, there are no systems available for performing both 
audiometric testing and otoacoustic emission testing. 

[0018] Inherent in the need for an integrated system for 
performing multiple diagnostic tests is the need to conduct 
such tests in a manner that is reliable and convenient for both 
the hearing health professional and the patient. Merely 
combining the functionality of an audiometer and an acous 
tic immittance testing system Will provide little bene?t if the 
system is inconvenient to the patient, by for eXample requir 
ing the patient to use different headphones or ear probes for 
each test. Instead, there is a need for a system capable of 
performing multiple diagnostic tests using a single ear probe 
and an integrated testing system. There is further a need for 
such systems that are automated to prompt a patient through 
the tests, While also providing alerts, alarms, notices and 
other information concerning the tests to a hearing health 
professional in certain instances. 

[0019] A convenient multiple diagnostic testing system 
also implies that the system functionality must be combined 
in a convenient package that can be quickly and easily 
coupled to the patient, Without a clutter of Wires, electrical 
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conduits, transducers and ear probes around the patient. The 
risk that patient movement Would result in damage to one or 
more Wires or conduits in the system is another obstacle to 
combining multiple diagnostic tests in a single system. In 
addition, the presence of numerous Wires, conduits and 
probes around the patient can be intimidating and distracting 
to the patient, in addition to being aesthetically displeasing. 
Accordingly, there is a need for a system that combines 
multiple diagnostic tests into a patient interface that can be 
quickly and easily coupled to the patient, and Which pro 
vides minimal clutter in the patient environment. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides improved systems 
for conducting multiple diagnostic hearing tests, and com 
ponents for performing such tests. As already noted, there is 
a need in the art for hearing test systems capable of per 
forming audiometric testing and other diagnostic tests such 
as acoustic immittance tests and otoacoustic emission tests. 
In addition, components to provide greater reliability and 
convenience in performing such tests are also desirable. 
Systems according to the present invention may be auto 
mated to minimiZe the need for monitoring of the tests by 
hearing health professionals. The systems also desirably 
provide prompts, alerts or other information to hearing 
health professionals administering the tests. Reliability of 
the systems is also enhanced by providing a modular system 
With calibration data provided as an integral part of certain 
system components. 

[0021] In one embodiment, the invention comprises a 
system for conducting an audiometric test and at least one 
of, and preferably both of, an acoustic immittance test and 
an otoacoustic emission test in a ?rst ear of a patient. The 
system comprises a ?rst insertion probe having a sealing 
surface for engaging the external auditory canal of the ?rst 
ear and providing an airtight seal therein. In addition, the 
system preferably comprises a ?rst transducer for providing 
an audiometric test sound and at least one of, and preferably 
both of, an acoustic immittance test sound and an otoacous 
tic emission test sound to the ?rst ear through the ?rst 
insertion probe. In the case of otoacoustic emission testing, 
it is preferred that the ?rst transducer comprise a ?rst 
otoacoustic transducer element and a second otoacoustic 
transducer element, each of Which provides a test sound at 
a desired frequency to generate a distortion product otoa 
coustic emission in the ?rst ear of the patient. The ?rst and 
second otoacoustic elements may also function to deliver 
other test tones, e.g., pure tone audiometric tones, to the ?rst 
ear of the patient. 

[0022] Where the system is intended to perform tympa 
nometric testing, a reversible compressor is provided to 
deliver and/or remove a gas, preferably air, to and/or from 
the ?rst ear through the ?rst insertion probe. The system 
further comprises a second transducer for receiving at least 
one of an otoacoustic emission sound and an acoustic 
immittance test result sound from the ?rst ear through the 
?rst insertion probe. In a preferred embodiment, the second 
transducer is an otoacoustic emission transducer for receiv 
ing an otoacoustic emission sound, and the system further 
comprises a third transducer for receiving an acoustic immit 
tance test result sound selected from the group consisting of 
a tympanogram test result sound and an acoustic re?ex test 
result sound. 
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[0023] In preferred embodiments of the foregoing system, 
the ?rst transducer comprises at least one speaker for 
delivering test sounds to the ?rst ear, and the second and 
third transducers comprise microphones for receiving, 
respectively, otoacoustic emission sounds and acoustic 
emission test result sounds from the ?rst ear. It Will be 
appreciated by persons of skill in the art that more than one 
speaker may be provided to provide the test sound for each 
type of hearing test, i.e., an audiometric speaker, an otoa 
coustic emission speaker (more preferably ?rst and second 
otoacoustic emission speakers), and an acoustic immittance 
speaker may each be separately provided. All such speakers 
together comprise the ?rst transducer, Which may also be 
referred to as a ?rst transducer element for clarity of 
reference. HoWever, a single speaker, or tWo speakers if the 
system includes otoacoustic emission testing, is preferred to 
minimiZe cost and complexity of the system. It Will also be 
understood by persons of skill in the art that separate 
transducers should preferably be provided for receiving the 
otoacoustic emission sounds and the acoustic immittance 
test result sounds, because of the large differences in inten 
sity of such sounds, although a single transducer (i.e., 
microphone) may be used if electronic ?ltering is capable of 
resolving each sound. 

[0024] In a further preferred embodiment, the system 
comprises at least one, and more preferably tWo, ambient 
noise microphones for receiving ambient noise from the 
patient environment during at least a portion of the hearing 
test(s). The invention also preferably comprises a bone 
conduction vibrator that may be coupled to a ?rst portion of 
the head of the patient, preferably the forehead, for provid 
ing a bone conduction hearing test sound to a skull bone of 
the patient. 

[0025] For simplicity of illustration, the foregoing system 
has been described for conducting testing for a ?rst ear of a 
patient. HoWever, it Will be understood that in preferred 
embodiments the system, comprises a second insertion 
probe, similar to the ?rst insertion probe, for conducting 
hearing tests in a second ear of the patient. It Will also be 
appreciated that the system preferably comprises a fourth 
transducer, preferably one or more speakers, for providing 
audiometric, tympanometric and/or otoacoustic emission 
test sounds to the second ear through the second insertion 
probe, and ?fth and sixth transducers, preferably micro 
phones, for receiving otoacoustic emission test sounds and 
acoustic immittance test result sounds, respectively, from the 
second ear. 

[0026] Systems of the present invention also preferably 
provide patient management capabilities. More speci?cally, 
systems of the invention comprise a computer that records 
and compiles the patient responses and test results of the 
diagnostic hearing tests. The computer preferably analyZes 
this data and sends an appropriate message to the hearing 
health professional administering the tests, such as When 
intervention is needed. For example, When the tests are 
completed, the patient is not responding or is responding 
inappropriately, an email, PDA message or, more preferably, 
a pager message may be sent to the hearing health profes 
sional by the system computer. 

[0027] In another aspect, the invention provides an 
improved insertion probe for conducting multiple diagnostic 
tests. As used herein the term “insertion probe” refers to a 
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device for insertion into the external auditory canal of a 
patient’s ear, and Which is used for delivering a hearing test 
sound to an ear of a patient and for receiving and/or 
transmitting a hearing test result from that ear. Insertion 
probes of the present invention are to be distinguished from 
supra-aural earphones, Which are Worn over the ear, and 
circumaural earphones, Which have foam cushions that ?t 
around the ear, because the insert probes ?t Within the ear 
instead of being positioned adjacent to the ear. In addition, 
insert probes of the invention either include a transducer for 
receiving a test result sound or transmit a test result sound 
to such a transducer. Thus, the insert probes may comprise 
an insert earphone that is inserted into the ear canal (i.e., the 
external auditory meatus) but the earphone must also com 
prise either a transducer for receiving a test result sound or 
a conduit or lumen for transmitting a test result sound to a 
transducer. As used With respect to the ear probes of the 
invention, the terms “lumen” and “conduit” are used inter 
changeably to refer to open cavities or spaces Within the ear 
probe, Which generally eXtend from one surface of the probe 
to another surface thereof. 

[0028] Insertion probes of the present invention permit 
multiple diagnostic hearing tests to be performed With 
greatly increased convenience to the patient and hearing 
health professional by facilitating such tests Without the 
necessity of removing the insertion probe and replacing it 
With another probe or earphone. In one embodiment, the 
insertion probe can be used to conduct an audiometric 
hearing test and at least one of an acoustic immittance 
hearing test and an otoacoustic emission test. Thus, the 
invention provides an insertion probe capable of being used 
to conduct an audiometric hearing test and an acoustic 
immittance hearing test. Alternatively, the invention pro 
vides an insertion probe capable of being used to conduct an 
audiometric hearing test and an otoacoustic emission hear 
ing test. 

[0029] In a preferred embodiment, an insertion probe of 
the present invention can be used to conduct an audiometric 
hearing test, an acoustic immittance hearing test, and an 
otoacoustic emission hearing test Without changing probes 
and Without removing the insertion probe from the ear. In a 
particularly preferred embodiment, the invention provides 
an insertion probe usable to perform an audiometric hearing 
test, a tympanogram, an acoustic re?ex test, and an otoa 
coustic emission test. 

[0030] The multi-test capability of the insertion probes of 
the present invention are facilitated by multiple conduits or 
lumens Within the insertion probe that either deliver test 
sounds to the ear or receive and/or transmit a hearing test 
result from the ear. At least one conduit is provided for 
delivering a test sound, such as an air-conduction pure tone 
of a desired frequency and intensity, to the ear. Where 
otoacoustic emission testing is to be performed, tWo con 
duits are preferred for delivering separately to the ear a ?rst 
otoacoustic emission test sound and a second otoacoustic 
emission test sound. At least one additional conduit/lumen is 
provided to receive and/or transmit a test result to a location 
outside the ear. In certain embodiments, the test result is 
received in the conduit as a sound from the ear, such as 
re?ected sound from a tympanogram test or acoustic re?eX 
test, and transmitted by a conduit to a transducer element 
outside the ear for electronic transmission to a computer for 
further processing. In systems capable of performing tym 
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panometric tests, at least one conduit/lumen also functions 
to alloW air or another gas to be delivered to or removed 
from the ear. 

[0031] In alternate embodiments, systems of the present 
invention comprise one or more transducer elements Within 
the ear canal itself, medial to the insertion probe. In these 
embodiments, the transducer receives sound in the ear that 
is the direct result or output of the test, converts the sound 
to an electronic signal, and the signal is transmitted through 
the receiving conduit to a processor remote from the ear. 
Accordingly, a receiving conduit in an insertion probe of the 
present invention may transmit sound or electronic signals 
outside the ear. 

[0032] Persons of skill in the art Will also understand that 
a transducer may be provided Within a conduit, rather than 
medial or lateral to the insertion probe. In this alternate 
embodiment, the receiving conduit may initially receive the 
test result or output as sound energy, Which is converted 
Within the conduit to an electrical signal by the transducer, 
and transmit the signal through the remaining portion of the 
receiving conduit to a computer. 

[0033] Although a single receiving conduit may be used to 
transit multiple test results outside the ear, in preferred 
embodiments, multiple receiving conduits are preferably 
provided. It is also preferred that the insertion probe be 
capable of providing an airtight seal Within the ear canal by 
direct contact. An airtight seal is necessary for conducting a 
tympanogram test. As used herein, “airtight” refers to a seal 
having leakage acceptably loW for conducting tympanom 
etry testing. It is not required that the seal be completely 
airproof, With no leakage, but merely that the leakage be 
suf?ciently small to permit tympanometry tests to be con 
ducted on the patient. By providing an airtight seal, insertion 
probes of the present invention create a pressure chamber 
Within the ear canal betWeen the insert probe and the 
eardrum. A reversible compressor is preferably provided to 
either deliver air to the pressure chamber or remove air from 
the chamber to create the speci?c pressure conditions nec 
essary for conducting a tympanogram test. 

[0034] In a further aspect, the invention comprises sys 
tems and methods for conducting a hearing test. More 
particularly, the invention comprises systems and methods 
for delivering a test sound to an ear of a patient in a test area 
or test room and measuring the ambient noise in the test area 
during at least a portion of the hearing test. In contrast to 
eXisting hearing test systems, in Which the ambient noise 
levels in the test area are typically measured only at lengthy 
intervals such as one year, the present invention alloWs the 
ambient noise level to be measured and compared to accept 
able standards during at least a portion of the actual hearing 
test for a given patient, i.e., in real time. 

[0035] In preferred embodiments, the ambient noise level 
is measured simultaneously With the presentation of each 
and every test sound provided to the patient, and for the full 
duration of the test sound presentation interval. If the 
ambient noise level is not Within acceptable levels through 
out the test interval, the test sound is presented to the patient 
again, and the ambient noise is again measured. This process 
can continue until the ambient noise level is veri?ed as 
falling Within acceptable parameters during the presentation 
of the test sound, or until a preset number of presentations 
of the test sound are reached. In such instances, the best 
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recorded threshold is logged and an explanatory note indi 
cating that ambient noise levels exceeded acceptable limits 
is also included in the diagnostic report. 

[0036] As used herein, “test area” comprises any area 
Within Which the patient is located While the test is con 
ducted. In preferred embodiments, the test area comprises a 
relatively quiet room. A soundproof chamber of the type 
used in many hearing tests may also be used, although 
systems and methods of the invention alloW accurate and 
reliable tests to be conducted Without use of a soundproof 
chamber. The test area may even comprise an open area or, 

in extremely demanding conductions, outdoors, although 
such embodiments are not preferred. 

[0037] Accordingly, in one embodiment, the invention 
comprises a system for conducting a hearing test on a ?rst 
ear of a patient, the system comprising a ?rst transducer 
element for delivering a test sound to the ?rst ear, and a 
second transducer element for measuring ambient noise in 
the test area. In preferred embodiments, the ?rst transducer 
element comprises a non-?eld speaker, such as a supraaural, 
circumaural, or insert earphone, for delivering the test sound 
directly to the ear of the patient. In particularly preferred 
embodiments the ?rst transducer element is coupled to an 
insertion probe as previously described. Where ?eld speak 
ers are used, the sound is typically also detected by the 
second transducer element as ambient noise, Which may 
compromise the effectiveness of the system. It is also 
preferred that the second transducer element comprise a 
microphone. 

[0038] In a still more preferred embodiment, the system 
comprises a computer With softWare for temporally coupling 
the speaker and the microphone to measure ambient noise 
during the entire pendency of each and every test tone. In 
preferred embodiments the computer softWare ensures that 
the test tone is presented to the patient’s ear for a predeter 
mined desired time interval, and that the ambient noise in the 
test area is measured during at least a portion, preferably the 
entire duration, of the time interval. Such a testing system 
essentially independently quali?es (or disquali?es) the test 
area With each test tone presentation, Which provides much 
greater accuracy and reliability than prior art systems. It Will 
be appreciated, hoWever, that ambient noise need not be 
measured during the entire pendency of each and every test 
tone, so long as ambient noise is measuring during at least 
a portion of some test sounds presented to the patient. 

[0039] In yet another aspect, the present invention com 
prises an improved bone conduction hearing test apparatus 
for testing the bone-conduction hearing threshold of a 
patient. In one embodiment, the invention comprises an 
apparatus for engaging the head of a patient to be tested for 
bone conduction hearing, the apparatus comprising a bone 
conduction vibrator for contacting a ?rst head portion of the 
patient, an engagement or contact element for contacting a 
second head portion of the patient, and a spring to Which the 
bone conduction vibrator and engagement element are 
coupled. In a preferred embodiment, the spring is a planar 
spring comprising ?rst and second elements coupled 
together. 

[0040] In preferred embodiments, the bone conduction 
vibrator contacts the forehead of the patient. Although both 
forehead and mastoid placement are knoWn in the art, 
forehead placement is more secure generally and is made 
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still more secure, reliable and convenient by the apparatus of 
the present invention. In a still more preferred embodiment 
of the present invention, the engagement element is coupled 
to the rear of the patient’s head. 

[0041] It is preferred that the bone conduction hearing test 
apparatus provide tWo-point contact to the patient’s head, by 
Which is meant that the apparatus contacts the patient’s head 
at tWo, and only tWo, distinct areas, i.e., the ?rst head portion 
and the second head portion. Although tWo-point contact 
bone conduction test elements are knoWn, such systems 
generally comprise a single spring element. Multiple-ele 
ment systems are also knoWn, but such systems must be 
manipulated in three dimensions (i.e., they are not planar) 
and they are, more importantly, generally unreliable and 
dif?cult to use. 

[0042] In another preferred embodiment, the spring com 
prises opposed ?rst and second spring elements, With the 
bone conduction vibrator coupled to the ?rst spring element 
and the engagement element coupled to the second spring 
element. Such an arrangement facilitates the desired tWo 
point contact arrangement of the bone conduction hearing 
test apparatus. In a particularly preferred embodiment, the 
?rst and second spring elements are joined at their ends and 
have opposed middle portions to Which the bone conduction 
vibrator and the engagement element are coupled. This 
arrangement provides a lenticular-shaped spring When 
pulled apart that can easily, conveniently and securely be 
placed on the patient’s head. 

[0043] As referred to herein, “lenticular” refers to a planar, 
tWo-sided lens shape having at least one convex side. Thus, 
lenticular includes both the typical bi-convex lens shape 
characteristic of a lentil in pro?le, and also to a mono 
convex shape having one convex side and a second side that 
is either ?at (such as the D-shape of an archery boW) or 
curved. Where the ?rst and second elements have similar 
elastic (i.e., spring) characteristics, the shape Will by a 
bi-convex shape. Where the ?rst and second elements have 
different elasticities, the shape Will tend toWards a more 
D-shaped lenticular shape. As may be appreciated, Where 
one element is a rigid element, the spring Will comprise a 
D-shape. Other shapes, intermediate betWeen a lentil shape 
and a D-shape, Will be possible Where neither element is 
rigid but Where the elasticities differ. The; lenticular shape 
may be conveniently facilitated by hinges coupling the 
respective end portions of the ?rst and second spring ele 
ments. The lenticular-shaped spring is also especially 
adapted to provide a relatively constant force across a range 
of patient head siZes, the force ranging from about 1 to 15 
neWtons, more preferably about 2-6 neWtons, and most 
preferably about 5 neWtons. 

[0044] In another preferred embodiment, the bone con 
duction hearing test apparatus comprises a spring having 
?rst and second contact elements for providing tWo-point 
contact to the patient’s head, said ?rst contact element 
comprising a bone conduction vibrator for contacting the 
patient’s head at a ?rst area, preferably the forehead. In a 
still more preferred embodiment, the spring is a planar, 
lenticular-shaped spring, and the second contact element 
comprises an engagement element for engaging the patient’s 
head at a second area, preferably the back of the patient’s 
head. 

[0045] In still another aspect, the system provides a yoke, 
Wearable around the neck of the patient, for facilitating 



US 2004/0071295 A1 

convenient administration of multiple diagnostic hearing 
tests to a patient. The complexity of multiple diagnostic 
hearing tests requires the presence of many conduits, Wires, 
and transducers in the immediate environment of the patient. 
For safety and reliability, it is desirable to provide a conve 
nient housing for such components. Such a housing is 
preferably patient-friendly from a convenience and aesthetic 
perspective. 

[0046] In one embodiment, the invention comprises a 
system for conducting multiple diagnostic hearing tests in a 
?rst ear of a patient, the system comprising a computer for 
controlling administration of the multiple diagnostic hearing 
tests, a plurality of transducers for delivering signals to and 
receiving signals from said ?rst ear, at least one insertion 
probe for insertion in the ?rst ear, a plurality of conduits 
coupling the computer and the plurality of transducers, and 
a yoke, Wearable around the neck of the patient and coupled 
to the ?rst insertion probe, for providing a housing for the 
plurality of conduits. Such a yoke both protects the conduits 
from inadvertent damage during system use and also pro 
vides a convenient patient interface With the system. 

[0047] In preferred embodiments, the system comprises a 
?rst and second insertion probes for insertion into the ?rst 
and second ears of the patient. Where tWo insertion probes 
are present, the number of conduits and transducers in the 
system can be high, and the risk of damage to one or more 
conduits increases correspondingly. HoWever, the tWo 
probes can be conveniently coupled to the yoke on either 
side of the patient’s head, and all of the conduits can be 
housed Within the yoke for protection. 

[0048] In a particularly preferred embodiment, the system 
comprises at least one, and more preferably tWo, ambient 
noise microphones for monitoring ambient noise during 
testing and ensuring that it remains Within acceptable limits. 
While the ambient noise microphones may be anyWhere in 
the test area, it is preferred that the ambient noise micro 
phones be provided near the ears of the patient to more 
closely approximate the noise experienced by the patient. 
Accordingly, systems of the present invention preferably 
comprise a Wearable yoke to Which at least one, and pref 
erably tWo ambient noise microphones are coupled. The 
yoke is also conveniently provided With a break therein 
Which may be coupled and decoupled by, for example, 
Velcro closures for convenience in use and removal by the 
patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] Abetter understanding of the invention may be had 
by reference to the folloWing detailed description When 
taken in conjunction With the accompanying draWings, 
Wherein: 

[0050] FIG. 1 illustrates an exemplary system for provid 
ing an automated hearing test according to embodiments of 
the invention; 

[0051] FIG. 2 illustrates a block diagram of the system for 
providing an automated hearing test according to embodi 
ments of the invention; 

[0052] FIG. 3 illustrates a system for conducting multiple 
hearing tests according to embodiments of the invention, in 
use by a patient. 
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[0053] FIG. 4 illustrates a cart and user interface for use 
in a system according to an embodiment of the invention. 

[0054] FIG. 5 illustrates a patient using an embodiment of 
the invention, and Wearing a novel bone conduction testing 
apparatus. 

[0055] FIG. 6 depicts a bone conduction testing apparatus 
according to certain aspects of the invention. 

[0056] FIG. 7 depicts a Wearable yoke according to one 
aspect of the invention, and depicting a detachable coupling 
alloWing ease of patient use. 

[0057] FIG. 8 is a block diagram of an ear probe element 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0058] FolloWing is a detailed description of the invention 
With reference to the accompanying draWings, in Which 
reference numerals for the same or similar elements are 
carried forWard. 

[0059] In one embodiment, the present invention is 
directed to a method and system for automated testing of a 
patient’s hearing. The term “automated” as used herein 
refers to testing that is performed primarily by a computer, 
as opposed to testing that is performed primarily by a 
hearing health professional. The automated hearing test 
system preferably is capable of conducting multiple diag 
nostic hearing tests, and it alloWs the patient to test his oWn 
hearing With minimal or no assistance from an audiologist or 
other hearing health professionals. The test provides an 
accurate and thorough assessment of the patient’s hearing, 
including air and bone conduction testing With masking, 
speech reception threshold, and speech discrimination tests, 
as Well as acoustic immittance testing and otoacoustic 
emission testing. 

[0060] Such a patient-administered hearing test system is 
simpler, more convenient, and less expensive than the tra 
ditional audiologist-administered test, While at the same 
time complying With relevant standards and guidelines such 
as ANSI requirements or other certi?cation standards. In 
addition, the automated hearing test system can detect and 
compensate for ambient noise and, therefore, does not 
require the use of a certi?ed quiet room or sound isolation 
booth. Furthermore, the automated hearing test can be 
con?gured for any number of languages in order to accom 
modate patients in every part of the World. Using systems 
according to the present invention, more people Will be able 
to obtain regular and frequent hearing tests. 

[0061] Hearing health professionals Will also bene?t from 
the automated hearing test of the present invention. 
Although the test itself requires little or no intervention, a 
hearing health professional still must analyZe the test results 
and recommend treatment. Therefore, the automated hearing 
test is presently being made available to the general public 
through a quali?ed hearing health professional. The auto 
mated hearing test may be offered as a separate service by 
the hearing health professional, or as part of a more com 
prehensive service, such as a full physical checkup that 
patients can obtain annually. Since the test requires little or 
no intervention, the hearing health professional has more 
time to treat a larger number of patients and/or spend more 
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time treating each individual patient. Moreover, since the 
automated hearing test facilitates early detection of hearing 
loss, the hearing health professional may have a relatively 
easier time treating certain patients. 

[0062] Referring noW to FIG. 1, a hearing test system 100 
for providing automated hearing tests according to some 
embodiments of the invention is shoWn. FIG. 1 is a high 
level diagram and omits details of the systems of the 
invention, Which are shoWn in other ?gures and described 
more fully hereinafter. The hearing test system 100 shoWn in 
FIG. 1 has three primary components, namely, a computer 
102 that comprises the functions of one or more hearing test 
devices, a display screen 104, and an ear engagement 
element 106. Other components of the system 100 that may 
be present include a keyboard, mouse, printer, paging 
device, and the like (indicated generally at 109). The com 
puter 102 may be any suitable computer from a desktop PC 
to a high-end Workstation, or even a PDA, laptop or tablet 
PC, as the particular type/model/brand of computer is not 
overly important to the practice of the invention. The display 
screen 104 may likeWise be any suitable display screen from 
a CRT to a ?at-panel LCD, as the particular type/model/ 
brand of display screen is not overly signi?cant for purposes 
of the present invention. In some embodiments, hoWever, a 
touchscreen monitor may be easier for a patient to use than 
conventional CRT for LCD display screens in terms of the 
physical interaction betWeen the patient and the automated 
hearing test system, and is preferred in such instances. 

[0063] Ear engagement element 106 is preferably used for 
air conduction hearing testing as Well as acoustic immittance 
testing and otoacoustic emission testing. Although referred 
to in the singular, ear engagement element 106 preferably 
comprises tWo coupler elements to facilitate multiple hear 
ing tests in both ears. Ear engagement element 106 may 
comprise a speaker coupled to a supraaural, circumaural, 
insert earphone, an ear probe according to the present 
invention, or other earphones complying With applicable 
government standards such as, e.g., ANSI S3.6-1996 for 
delivering the test sound to the ear of the patient. Ear 
engagement element 106 is preferably coupled to a Wearable 
yoke or vest as depicted generally in FIGS. 3, 5, and 7. 
Systems of the invention also preferably comprise a bone 
conduction hearing test sensor such as a bone conduction 
vibrator. The bone conduction vibrator in systems of the 
invention is preferably part of a novel bone conduction test 
apparatus 150, as depicted in FIGS. 5 and 6 and as 
described more fully hereinafter. FIG. 2 illustrates the 
system 100 in block diagram form. Computer 102 has a 
number of functional components, including a video unit 
200, a central processing unit 202, a hearing test device 204, 
and a storage unit 206. These components are Well knoWn in 
the computer art and Will therefore be described only brie?y 
here. In general, the video unit 200 provides the video 
signals that are displayed as images presented to the patient 
on the display screen 104. In some embodiments, the video 
unit 200 may be any one of several commercially available 
video cards. The central processing unit 202 is responsible 
for the overall operation of the computer 102, including 
execution of the operating system and any softWare appli 
cations residing on the computer 102. In some embodiments, 
the central processing unit 202 may be any one of several 
commercially available microprocessors. The audio unit 204 
provides the audio signals that are converted into the various 
tones and speech by the ear engagement element 106. 
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Hearing test device 204 may comprise any or all of an 
audiometer, an otoacoustic emission test device, a tympa 
nometer, a masking noise generator, or other knoWn hearing 
test devices. Alternatively, electronic circuit boards perform 
ing the functionality of such test devices may also be used. 
The storage unit 206 provides long-term and temporary (i.e., 
caching) storage for the softWare and data that are used by 
the computer 102 and may include one or more of, for 
example, a hard drive, main memory, removable storage 
(e.g., CD-ROM, ?oppy disk), and the like. 

[0064] In some embodiments, the storage unit 206 also 
stores the automated hearing tests of the present invention, 
indicated at 208. More speci?cally, the storage unit 206 
stores a computer-readable version of the automated hearing 
tests 208, Which preferably include audiometric tests, acous 
tic immittance tests, and otoacoustic emission tests, that can 
be executed by the computer 102, and in particular the 
hearing test device 204. During execution, a portion of the 
hearing test computer programs 208 may be temporarily 
loaded from, for example, the hard disk and into the main 
memory components of the storage unit 206. In addition to 
the stand-alone arrangement, it is also possible to execute 
the automated hearing test programs 208 from a computer 
netWork. For example, the automated hearing test programs 
208 may be stored on a server computer (not expressly 
shoWn) that is accessible to several client computers. This 
arrangement has an advantage in that updates to the auto 
mated hearing test programs 208 may be quickly and easily 
implemented. Other environments for executing the auto 
mated hearing test programs 208 may also be used Without 
departing from the scope of the invention. 

[0065] The source code for the automated hearing test 
programs 208 may be Written in any suitable programming 
language (e.g., C, C++, Visual Basic, and other computer 
languages). It has been found, hoWever, that object oriented 
programming languages such as C++ and Visual Basic can 
result in a someWhat more ef?cient program. In addition, the 
automated hearing test programs 208 can be implemented 
using a number of different programming methodologies. 
The particular programming methodology as Well as the 
particular programming language used are not overly impor 
tant considerations for the practice of the invention. In one 
embodiment, the methodology of the automated hearing test 
programs 208 involves a plurality of individual modules or 
subroutines that can be called to perform speci?c functions. 
The modules or subroutines can be called from a main 
routine and from Within other modules or subroutines. The 
subroutines can pass data to and from each other as Well as 
to and from the main routine. 

[0066] Systems of the invention are capable of conducting 
multiple diagnostic hearing tests in a user-friendly manner, 
While minimiZing the need for extensive supervision and 
monitoring of the tests by a hearing health professional. In 
particular, systems of the invention are capable of conduct 
ing both air-conduction and bone-conduction audiometry 
hearing tests on a patient (and also preferably speech audi 
ometry including speech recognition threshold and speech 
discrimination tests), plus at least one additional test that is 
either an acoustic immittance test or an otoacoustic emission 

test. The systems are capable of sending a diagnostic mes 
sage, e.g., an email, PDA message or pager message to a 
hearing health professional should there by a need for 
intervening in the tests, or to signal completion thereof. 
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[0067] Many types of diagnostic hearing tests are known. 
As used herein, the terms “audiometry,”“audiometric test 
ing,” and/or “audiometric tests” may be used interchange 
ably to refer to testing that includes threshold testing to 
determine the loWest sound pressure level that a patent may 
hear either pure tones at speci?c frequencies, or recognize 
and/or distinguish speech. Details of audiometric testing are 
knoWn in the art, and certain aspects thereof are described at, 
e.g., Gelfand, S., Essentials ofAudiology, 2d ed., chapters 3, 
4, Thieme Medical Publishers, Inc. (2001). 

[0068] The terms “acoustic immittance testing,” and 
“acoustic immittance tests” are used interchangeably to refer 
to testing that measures the impedance to sound ?oW or, 
conversely, the ease With Which sound flows through the 
hearing system of the patient. Acoustic immittance tests 
include tympanometric testing, in Which the ear canal is 
pressuriZed, usually With air, and the immittance of the ear 
is measured at various pressures as air is removed from the 
ear. Such testing is used to determine Whether components 
of hearing loss are attributable to the outer ear or the middle 
ear. Acoustic immittance tests also include acoustic re?ex 
testing, Which as used herein refers to testing that measures 
the immittance changes in the ear that occur re?exively in 
response to a sufficiently intense sound. Details of acoustic 
immittance testing are knoWn in the art, and certain aspects 
thereof are described at, e.g., Gelfand, S., Essentials of 
Audiology, 2d ed., chapters 7, 11 Thieme Medical Publish 
ers, Inc. (2001). 

[0069] Otoacoustic emission testing refers to testing that 
measures sounds produced by the cochlea of the ear, Which 
are knoWn as otoacoustic emissions (OAEs). Many types of 
otoacoustic emissions are knoWn, including spontaneous 
OAEs, evoked OAEs, and distortion product OAEs. As used 
herein, the terms “otoacoustic emission tests,” and “otoa 
coustic emission testing” refer to’testing that measures any 
of the foregoing types of otoacoustic emissions, particularly 
distortion product otoacoustic emissions, Which can provide 
information on certain types of hearing loss. Details of 
otoacoustic emission testing are knoWn in the art, and certain 
aspects thereof are described at, e.g., Gelfand, S., Essentials 
of Audiology, 2d ed., chapters 7, 11 Thieme Medical Pub 
lishers, Inc. (2001). Other references providing additional 
details on audiometric, acoustic immittance, and otoacoustic 
emission tests are readily available. 

[0070] A system embodying certain preferred aspects of 
the invention is depicted in FIGS. 3 and 4. FIG. 3 illustrates 
a patient 110 using an embodiment of a computer-controlled 
system 100 for conducting multiple diagnostic hearing tests. 
FIG. 4 depicts portions of the system 100 that are interfaced 
With the patient 110 via cable conduit 120 and display screen 
104. In general, in these ?gures a hearing test system 100 is 
provided for administering multiple diagnostic hearing tests, 
including preferably audiometric, acoustic immittance, and 
otoacoustic emission tests. The system 100 comprises a 
computer 102, preferably located in the same housing as the 
display screen 104, conveniently mounted on a support arm 
118 of a cart 112. The support arm 118 is preferably 
adjustable to alloW the height of the display screen 104 to be 
customiZed to the height of the patient 110. A plurality of 
Wheels 116 is preferably provided on a base 114 of cart 112 
to provide mobility to the system 100. Display screen 104, 
preferably a touch-sensitive display screen as shoWn, is 
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provided to facilitate testing and patient response. Aprinter 
122 is provided on base 114 to provide printouts of test 
results. 

[0071] It should also be appreciated that alternative 
embodiments different in construction and appearance from 
the mobile cart system depicted in FIGS. 3 and 4 are also 
Within the scope of the invention. In particular, systems may 
comprise stationary systems in a physician’s office, or laptop 
and/or mobile systems that may be moved from location to 
location to serve a Wide patient population. 

[0072] As illustrated in FIGS. 3, 5, and 7, the system 
preferably comprises a Wearable yoke or vest 130 that may 
be Worn around the patient’s neck during the test. The 
patient may be seated comfortably in a suitable seat (not 
numbered) adjacent to the touch-screen 104 While the mul 
tiple diagnostic hearing tests are administered. Yoke 130, 
and more particularly the components electrically or other 
Wise coupled thereto, is coupled to the computer 102 via 
cable conduit 120. 

[0073] As shoWn in greater detail in FIG. 7, Which illus 
trates an embodiment of a yoke suitable for use in systems 
of the invention, yoke 130 provides a ?at, conduit-like 
housing 132 for the electrical cables and other conduits, such 
as an air conduit (not shoWn) for use in tympanometry 
testing. A plurality of slits or similar openings (not num 
bered) are provided in housing 132 of yoke 130 to alloW 
conduits 134 for insertion probe elements 140 to extend 
from the housing 132 to the ears of the patient 110. Insertion 
probe elements 140 generally comprise at least an insertion 
probe tip 148 and a transducer 138. The transducer 138 may 
be external and separate from probe tip 148, or may be 
incorporated into it. The insertion probe elements 140 may 
comprise multiple transducers, including one or more 
speaker elements and one or more receiver elements, e.g., a 
microphone. The yoke may also be used to house additional 
components of the system to make the system more inde 
pendent of the computer platform. In particular, electronic 
circuit boards or cards embodying the functionality of an 
audiometer, an otoacoustic emission test device, a tympa 
nometer, and/or an acoustic re?ex test device may also be 
provided and housed Within the yoke. By this means the 
systems may be used in connection With a Wider range of 
computer terminal devices. The yoke may also, in preferred 
embodiments, include a memory element storing calibration 
data for the transducers (i.e., speakers and microphones) 
used in the system to alloW a computer 102 to generate 
appropriately calibrated signal tones. 

[0074] In a preferred embodiment, at least one, and pref 
erably tWo, ambient noise microphones 142 also extend 
through slits or openings in yoke 130 to monitor ambient 
noise during at least a portion of the multiple diagnostic 
hearing tests. AWire or cable 144 also extending through an 
opening in yoke 130 couples the yoke to a novel bone 
conduction apparatus 150. 

[0075] FIG. 5 depicts a patient using the novel bone 
conduction apparatus 150 in conjunction With the system of 
FIGS. 3 and 4. FIG. 6 illustrates the novel bone conduction 
apparatus in greater detail. In general, the invention provides 
an improved bone conduction test apparatus 150. The appa 
ratus 150 is generally planar, and provides tWo-point contact 
on a patient’s head. “TWo-point contact” as used herein, 
means that the apparatus provides contact on tWo, and only 
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tWo, particular locations on the head. Such locations are 
Well-de?ned and speci?c, as opposed to general contact 
areas such as along a headband or like means of contacting 
an extensive linear or areal portion of the head of the patient. 

[0076] Returning to FIGS. 5 and 6, the apparatus 150 
preferably comprises a bone vibrator 152, knoWn generally 
in the art, for engaging the head at a ?rst location, preferably 
the forehead. Apparatus 150 further comprises an engage 
ment element 154 for engaging the head at a second loca 
tion, preferably the back of the head. Engagement element 
154 may comprise a rigid portion 180, made of hard plastic 
or like material, and a foam member 178 that directly 
contacts the second location of the head. Finally, apparatus 
150 comprises and a lenticular spring 156 to Which the bone 
conduction vibrator 152 and engagement element 154 are 
coupled. Apparatus 150 enables tWo-point contact by using 
the bone conduction vibrator 152 as a ?rst contact element 
and the engagement element 154 as a second contact ele 
ment. 

[0077] Lenticular spring 156 is preferably made by joining 
opposed ?rst and second spring elements 158 and 160. Each 
of the ?rst and second spring elements further comprises a 
?rst end, a middle portion, and a second end. Thus, ?rst 
spring element 158 comprises a ?rst end portion 162, a 
middle portion 170, and a second end portion 166. Similarly, 
second spring element 160 comprises a ?rst end portion 164, 
a middle portion 172, and a second end portion 168. The ?rst 
and second spring elements 158 and 160 are joined at their 
?rst end portions 162 and 164 at a ?rst joint or connection 
174, and at their second end portions 166 and 168 at a 
second joint or connection 176. The joints/connections 174 
and 176 may comprise any knoWn means of joining such as 
riveting, soldering, and other types of metal fastenings. In a 
particularly preferred embodiment, joints 174 and 176 both 
comprise hinge connections as depicted in FIG. 6. Bone 
conduction vibrator 152 and engagement element 154 are 
preferably coupled to middle portions 170 and 172, respec 
tively, of ?rst and second spring elements 158 and 160. 

[0078] The construction of the bone conduction apparatus 
150 as depicted in FIGS. 5 and 6 provides a lenticular 
shaped spring 156 that can be easily pulled apart at the 
middle portions 170 and 172, and thereby easily and 
securely coupled to the patient’s head for performing bone 
conduction hearing testing. Lenticular-shaped spring 156 is 
also especially adapted to provide a relatively constant force 
across a range of patient head siZes, the force ranging from 
about 1 to 15 neWtons, more preferably about 2-6 neWtons, 
and most preferably about 5 neWtons. 

[0079] While it is preferred that both the ?rst and second 
spring elements 158, 160 have identical or very similar 
elastic characteristics, in alternate embodiments at least one 
element, preferably second spring element 160, may be less 
elastic than the other spring element. In one alternative 
embodiment, the second spring element comprises a rigid 
linear member, resulting in a D-shaped lenticular spring (not 
shoWn). Other embodiments, in Which the second spring 
element is not rigid, but has is less elastic than the ?rst spring 
element, are also possible. 

[0080] In another embodiment, a thin, ?exible member 
such as a ribbon or cloth (not shoWn) may be coupled to the 
second contact element 154 and extended over the top of the 
patient’s head to a point on the patient’s forehead. The bone 
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vibrator may then contact the ribbon or cloth, Which may 
comprise a tacky or texturiZed surface to provide more 
secure seating for the bone vibrator. Such a member is 
particularly useful in cases of anatomical irregularities or 
oily skin. In another aspect, the invention provides an 
improved ear probe element for conducting multiple diag 
nostic tests. The improved ear probe element of the present 
invention alloWs multiple diagnostic hearing tests to be 
conducted Without removing the ear probe element from the 
ear being tested. This is in contrast to currently available 
systems, Which generally use different ear probe elements to 
performing, e.g., audiometric, acoustic immittance, and 
otoacoustic emission tests. 

[0081] The improved ear probe element of the present 
invention comprises an insertion probe element. The terms 
“insertion probe” and “insertion probe element” refer to a 
device for insertion into the external auditory canal of a 
patient’s ear, and Which is used for delivering a hearing test 
sound to an ear of a patient and for receiving and/or 
transmitting a hearing test result from that ear. Because they 
comprise at least a tip portion that ?ts Within the ear instead 
of being positioned adjacent to it, insertion probes of the 
present invention are to be distinguished from supra-aural 
and circumaural earphones, Which engage the outer part of 
the ear (i.e., the pinna). In addition, insertion probes of the 
present invention either include Within the element a trans 
ducer (e.g., a microphone) for receiving a test result sound, 
or transmit a test result sound to such a transducer via a 

conduit Within the insertion probe. 

[0082] The multi-test capability of the insertion probes of 
the present invention are facilitated by multiple conduits 
Within the probe that either deliver test sounds to the ear or 
receive and/or transmit a hearing test result from the ear. 
FIG. 8 is a block diagram illustrating such an insertion 
probe 300. In particular, the insertion probe element com 
prises an insertion probe tip 301 that is actually inserted into 
the external auditory canal of the patient. The insertion 
probe comprises a plurality of transducers coupled to inser 
tion probe tip 301, such as a speaker 302, and ?rst and 
second microphones 306 and 310. 

[0083] In the embodiment illustrated in FIG. 8, the 
speaker 302 and microphones 306 and 310 are shoWn as 
separate elements from insertion probe tip 301, coupled 
thereto via speaker conduit 304, ?rst microphone conduit 
308, and second microphone conduit 312, respectively. In 
one embodiment, ?rst microphone 306 is a microphone for 
receiving an otoacoustic emission sound from an ear being 
tested and conduit 308 is a conduit for transmitting the 
otoacoustic emission sound, While second microphone 310 
is an acoustic immittance microphone for receiving a tym 
panometric test result sound and/or an acoustic re?ex test 
result sound, and conduit 312 is a conduit for transmitting 
the tympanometric and/or acoustic re?ex test result sound. 
HoWever, in other embodiments (not shoWn), one or more of 
the transducers may be provided as a part of insertion probe 
tip 301. In addition, multiple speakers may be provided for 
providing different test sounds to a patient, i.e., audiometric 
threshold test tones, otoacoustic emission test tones, and 
tympanometric and/or acoustic re?ex test tones. 

[0084] The insertion probe element 300 shoWn in FIG. 8 
also provides a gas source 314, Which is preferably a 
reversible air compressor, for introducing and removing air 
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from the ear of the patient. Gas source 14 is coupled to 
insertion probe tip 301 via air conduit 316. Insertion probe 
element 300 also comprises a seal 318 to prevent excess air 
leakage into or from the ear of the patient. The seal provides 
an airtight seal, Which as used herein refers to a seal having 
leakage acceptably loW for conducting tympanometry test 
ing. Thus, it is not required that the seal provide a com 
pletely airproof seal With no leakage, but merely that the 
leakage be suf?ciently small to permit tympanometry tests to 
be conducted on the patient. 

[0085] By providing an airtight seal, insertion probes 300 
of the present invention create a pressure chamber Within the 
ear canal betWeen the insert probe and the eardrum. A 
reversible compressor is preferably provided to either 
deliver air to the compression chamber or remove air from 
the chamber to create the speci?c pressure conditions nec 
essary for conducting a tympanogram test. 

[0086] It may be appreciated by persons of skill in the art 
that one or more of the foregoing conduits 304, 308, 312, 
316 may be combined into a single conduit. Alternatively, 
individual transducers and gas sources may each have 
separate conduits passing through the probe tip. In preferred 
embodiments, at least one conduit, such as speaker conduit 
304, is provided for delivering a test sound, such as an 
air-conduction pure tone of a desired frequency and inten 
sity, to the ear. Where otoacoustic emission testing is to be 
performed, it is preferred that tWo speakers, each having 
separate conduits, be provided to minimize distortion of the 
tWo sounds used for OAE testing prior to the sounds entering 
the ear canal. 

[0087] At least one additional conduit, such as conduits 
308 and 312, is provided to receive and/or transmit a test 
result to a location outside the ear. Although a single 
receiving conduit may be used to transit multiple test results 
outside the ear, in preferred embodiments, multiple receiv 
ing conduits are preferably provided. 

[0088] In certain embodiments of the insertion probe 300, 
the test result is received in the conduit as a sound from the 
ear, such as re?ected sound in a tympanogram test or 
acoustic re?ex test, and the sound is transmitted by a conduit 
to a transducer element outside the ear for electronic trans 
mission to a computer for further processing. 

[0089] In alternate embodiments (not shoWn), insertion 
probe 300 comprises one or more transducer elements 
Within the ear canal itself, medial to the probe tip 301. In 
these embodiments, the transducer (e.g., microphones 306, 
310) receives sound in the ear that is the direct result or 
output of the test, converts the sound to an electronic signal, 
and the signal is transmitted through the probe tip 301 and 
receiving conduit (e. g., 308, 312) to a processor remote from 
the ear. Accordingly, a receiving conduit in an insertion 
probe of the present invention may transmit either sound or 
electronic signals through the probe tip 301 outside the ear. 

[0090] Persons of skill in the art Will also understand that 
a transducer may be provided Within the probe tip 301, 
rather than medial or lateral to it. In this alternate embodi 
ment (not shoWn), the receiving conduit may initially 
receive the test result or output as sound energy, Which is 
converted Within the conduit (and Within probe tip 301) to an 
electrical signal by the transducer, and the signal is then 
transmitted as an electrical signal through the remaining 
portion of the receiving conduit to a computer. 
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[0091] As noted, insertion probes 300 of the present 
invention permit multiple diagnostic hearing tests to be 
performed Without removing the insertion probe and replac 
ing it With another probe or earphone. In one embodiment, 
the insertion probe 300 can be used to conduct an audio 
metric hearing test and at least one of an acoustic immittance 
hearing test and an otoacoustic emission test. Thus, the 
invention provides an insertion probe 300 capable of being 
used to conduct an audiometric hearing test and an acoustic 
immittance hearing test. Alternatively, the invention pro 
vides an insertion probe capable of being used to conduct an 
audiometric hearing test and an otoacoustic emission hear 
ing test. 

[0092] In a preferred embodiment, an insertion probe of 
the present invention can be used to conduct an audiometric 
hearing test, an acoustic immittance hearing test, and an 
otoacoustic emission hearing test Without changing probes 
and Without removing the insertion probe from the ear. In a 
particularly preferred embodiment, the invention provides 
an insertion probe usable to perform an audiometric hearing 
test, a tympanogram, an acoustic re?ex test, and an otoa 
coustic emission test. 

[0093] In a further aspect, the invention comprises sys 
tems and methods for conducting a hearing test. More 
particularly, the invention comprises systems and methods 
for delivering a test sound to an ear of a patient and 
measuring the ambient noise in the test area during at least 
a portion of one or more of the multiple diagnostic hearing 
tests. In contrast to existing hearing test systems, in Which 
the ambient noise levels in the test area are typically 
measured and only certi?ed periodically, and then not during 
hearing testing, the present invention alloWs the ambient 
noise level to be measured and compared to acceptable 
standards during at least a portion of the actual hearing test 
for a given patient. 

[0094] In preferred embodiments, the ambient noise level 
is measured simultaneously With the presentation of every 
test sound presented to the patient. If the ambient noise level 
is unacceptably high during the presentation of the test 
sound, the test sound is presented to the patient again, and 
the ambient noise is again measured. This process continues 
until the ambient noise level is Within acceptable parameters 
during the presentation of the test sound, or until a preset 
number of presentations of the test sound are reached. In the 
latter instance, the best recorded threshold is logged and an 
explanatory note is included in the test results report indi 
cated that ambient noise exceeded acceptable levels. 

[0095] As illustrated in FIGS. 3, 5 and 7, in one embodi 
ment, the invention comprises a system for conducting a 
hearing test on a ?rst ear of a patient, the system comprising 
a ?rst transducer element 138 for delivering a test sound to 
the ?rst ear, and at least a second transducer element 142 for 
measuring ambient noise in the test area. In preferred 
embodiments, the sound is delivered to the ear by an insert 
probe element 140 or other non-?eld speaker. Where ?eld 
speakers are used, the sound is typically also detected by the 
second transducer element as ambient noise, Which may 
compromise the effectiveness of the system. It is also 
preferred that the second transducer element 142 comprise a 
microphone. 

[0096] In a still more preferred embodiment, the system 
comprises a computer With softWare in computer 102 for 
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coupling the transducer 138 and the microphone 142 to 
simultaneously measure ambient noise via microphone 142 
during the entire period of presentation of the test tone to the 
ear. In preferred embodiments the computer softWare 
ensures that the test tone is presented to the patient’s ear for 
a predetermined desired time interval through transducer 
138 and insertion probe element 140, and that the ambient 
noise in the test area is measured during at least a portion, 
preferably the entire duration, of the time interval through 
microphone 142. Such a testing system essentially indepen 
dently quali?es (or disquali?es) the test area With each test 
tone presentation, Which provides much greater accuracy 
and reliability than prior art systems. It Will be appreciated, 
hoWever, that ambient noise need not be measured during 
the entire pendency of each and every test tone, so long as 
ambient noise is measured during at least a portion of some 
test sounds presented to the patient. In an alternate embodi 
ment, the ambient noise measurement may be made during 
a portion of the test that is not part of the presentation of the 
test sounds, such as immediately before or after the test 
sounds are presented. Indeed, even measuring the ambient 
noise immediately prior to conducting the hearing tests on 
the patient is permissible and represents and signi?cant 
improvement over prior art practices, Which do not involve 
ambient noise measurement proximate in time to actual 
hearing testing of patients. 

[0097] It Will be appreciated that many alterations, modi 
?cations and changes may be made by persons of skill in the 
art to the systems and components described herein. Such 
changes are deemed to be Within the scope and spirit of the 
invention, as measured by the claims hereinafter. 

What is claimed is: 
1. An insertion probe for conducting multiple diagnostic 

hearing tests in a ?rst ear of a patient, said multiple tests 
comprising an audiometric hearing test and a second hearing 
test selected from the group consisting of an acoustic 
immittance hearing test and an otoacoustic emission hearing 
test. 

2. The insertion probe of claim 1, Wherein said second 
hearing test is an acoustic immittance hearing test selected 
from the group consisting of a tympanogram test and an 
acoustic re?ex test. 

3. The insertion probe of claim 1, Wherein said second 
hearing test is an otoacoustic emission test. 

4. The insertion probe of claim 1 further comprising at 
least one sound lumen for delivering an audiometric test 
sound, an acoustic immittance test sound, and an otoacoustic 
emission test sound to said ?rst ear, and at least one receiver 
lumen for transmitting a hearing test result selected from the 
group consisting of an acoustic immittance test result sound, 
an electronic signal representing an acoustic immittance test 
result, an otoacoustic emission sound, and an electronic 
signal representing an otoacoustic emission sound. 

5. The insertion probe of claim 4 Wherein said at least one 
sound lumen comprises a plurality of lumens for delivering 
said audiometric test sound, said acoustic immittance test 
sound, and said otoacoustic emission test sound to said ?rst 
ear. 

6. The insertion probe of claim 4 Wherein said at least one 
receiver lumen comprises a plurality of receiver lumens. 

7. The insertion probe of claim 6 Wherein said plurality of 
receiver lumens comprises at least an acoustic immittance 
receiver lumen for transmitting an acoustic immittance 
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hearing test result selected from the group consisting of an 
acoustic immittance test result sound and an electronic 
signal representing an acoustic immittance test result, and an 
otoacoustic emission receiver lumen for transmitting an 
otoacoustic emission hearing test result selected from the 
group consisting of an otoacoustic emission sound and an 
electronic signal representing an otoacoustic emission 
sound. 

8. A system for conducting an audiometric hearing test 
and an otoacoustic emission hearing test in a ?rst ear of a 
patient comprising a ?rst probe element for insertion into the 
external auditory canal of said ?rst ear, said system being 
capable of conducting both an audiometric test and an 
otoacoustic emission test in said ?rst ear after insertion of 
said ?rst probe element. 

9. The system of claim 8 Wherein said ?rst probe element 
comprises at least one sound conduit for delivering an 
audiometric test sound and an otoacoustic emission test 
sound to said ?rst ear, and at least one receiver conduit for 
transmitting an otoacoustic emission test result selected 
from the group consisting of an otoacoustic emission sound, 
and an electronic signal representing an otoacoustic emis 
sion sound. 

10. The system of claim 9 further comprising at least one 
speaker for providing an audiometric test sound and an 
otoacoustic emission test sound to said ?rst ear through said 
at least one sound conduit, and at least one microphone for 
receiving an otoacoustic emission sound from said ?rst ear. 

11. The system of claim 10 Wherein said at least one 
speaker is positioned adjacent to said ?rst probe element. 

12. The system of claim 10 Wherein said at least one 
microphone is positioned Within said ?rst probe element. 

13. The system of claim 8 further comprising a second 
probe element for insertion into the external auditory canal 
of a second ear of said patient, Wherein said system is 
capable, after insertion of said ?rst and second probe ele 
ments, of conducting both an audiometric test and an otoa 
coustic emission test in both said ?rst ear and said second ear 
Without removing said ?rst and second probe elements from 
said ?rst and second ears. 

14. The system of claim 8 Wherein said ?rst probe element 
further comprises a sealing element for providing an airtight 
seal Within the external auditory canal. 

15. The system of claim 14 Wherein said seal comprises 
an elastomeric polymer foam and provides said airtight seal 
by engagement betWeen said foam and said external audi 
tory canal. 

16. The system of claim 14 Wherein said ?rst probe 
element provides said airtight seal to create a pressure 
chamber Within said external auditory canal, said pressure 
chamber comprising a portion of the external auditory canal 
bounded on the lateral side by the ?rst probe element and on 
the medial side by the patient’s eardrum. 

17. The system of claim 16 further comprising an air 
compressor for providing an air pressure to the pressure 
chamber. 

18. The system of claim 17 Wherein the air compressor is 
reversible and is capable of delivering air to and removing 
air from the pressure chamber. 

19. The system of claim 18 Wherein the air compressor is 
capable of creating a positive pressure or a negative pressure 
in the pressure chamber. 

20. A system for conducting an audiometric hearing test 
and an acoustic immittance hearing test in a ?rst ear of a 
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patient comprising a ?rst probe element for insertion into the 
external auditory canal of said ?rst ear, said system being 
capable of conducting both an audiornetric test and an 
acoustic irnrnittance test in said ?rst ear after insertion of 
said ?rst probe element. 

21. The system of claim 20 Wherein said ?rst probe 
elernent comprises at least one sound conduit for delivering 
an audiornetric test sound and an acoustic irnrnittance test 
sound selected from the group consisting of a tyrnpanograrn 
test sound and an acoustic re?ex test sound to said ?rst ear, 
and at least one receiver conduit for transmitting an acoustic 
irnrnittance hearing test result selected from the group 
consisting of an acoustic irnrnittance test result sound and an 
electronic signal representing an acoustic irnrnittance test 
result. 

22. A system for conducting an audiornetric hearing test 
and an otoacoustic ernission hearing test in a ?rst ear of a 
patient comprising a ?rst probe element for insertion into the 
external auditory canal of said ?rst ear, said system being 
capable of conducting both an audiornetric test and an 
otoacoustic ernission test in said ?rst ear without removing 
said ?rst probe element from said ?rst ear. 

23. The system of claim 22, further comprising a second 
probe element for insertion into the external auditory canal 
of a second ear of said patient, Wherein said system is 
capable, after insertion of said ?rst and second probe ele 
rnents, of conducting both an audiornetric test and an otoa 
coustic ernission test in both said ?rst ear and said second ear 
without removing said ?rst and second probe elements from 
said ?rst and second ears. 

24. A system for conducting an audiornetric hearing test 
and an acoustic irnrnittance hearing test in a ?rst ear of a 
patient comprising a ?rst probe element for insertion into the 
external auditory canal of said ?rst ear, said system being 
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capable of conducting both an audiornetric test and an 
acoustic irnrnittance test in said ?rst ear without removing 
said ?rst probe element from said ?rst ear. 

25. A system for conducting rnultiple diagnostic hearing 
tests in a ?rst ear of a patient comprising a ?rst probe 
element for insertion Within said ?rst ear, said system being 
capable of conducting each of an audiornetric threshold 
hearing test, a tyrnpanograrn test, an acoustic re?ex test, and 
an otoacoustic ernission test in said ?rst ear Without rernov 
ing said ?rst probe element from said ?rst ear. 

26. The insertion probe of claim 25 further comprising at 
least one sound conduit for delivering an audiornetric test 
sound, a tyrnpanograrn test sound, an acoustic re?ex test 
sound, and an otoacoustic ernission test sound to said ?rst 
ear. 

27. The insertion probe of claim 26 further comprising a 
?rst receiver conduit for transmitting a hearing test result 
selected from the group consisting of an otoacoustic emis 
sion sound and an electronic signal representing an otoa 
coustic ernission sound, and at least a second receiver 
conduit for transmitting a hearing test result selected from 
the group consisting of an a tyrnpanograrn test result sound, 
an electronic signal representing a tyrnpanograrn test result 
sound, an acoustic re?ex test result sound, and an electronic 
signal representing an acoustic re?ex test result sound. 

28. An insertion probe for conducting rnultiple diagnostic 
hearing tests in a ?rst ear of a patient, each of said rnultiple 
diagnostic hearing tests being conducted by providing a 
sound through said insertion probe to said ?rst ear, receiving 
a sound from said ?rst ear through said probe, or both 
providing a sound through said insertion probe and receiving 
a sound through said insertion probe. 


