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Conventional impedance audiometry uses only specific tympanometric frequencies (e.g., 226
Hz) and cannot test above 1500 Hz. As many hearing frequencies must be evaluated when di-
agnosing middle ear pathologies, wideband clicks stimulating tympanometric receptors from
226 to 8000 Hz are commonly delivered. Since wideband tympanometry (WBT) was intro-
duced in 1993, several studies have explored its clinical utility. WBT yields information on ab-
sorbances at various frequencies and pressures. Recently, WBT has become increasingly used
to diagnose and monitor the hearing of newborns and patients with otosclerosis, ossicular chain
disruptions, tympanic perforations, superior semicanal dehiscence syndrome, and middle ear
effusions. WBT is also employed for pre/postoperative monitoring using non-pressurized wide-
band absorbance. Here, we review the concept of WBT, the basic mechanism, and the clinical

Jongno-gu, Seoul 03080, Korea

Tel +82-2-2072-2446 applications.
Fax +82-2-745-2387 Key Words
E-mail aseptic@snu.ac.kr

Introduction

We commonly employ tympanometry at 226 Hz but some-
times at 220 Hz, associated with microphone constraints, not
diagnostic utility. Calibration at only 226 Hz was available
when tympanometry was first introduced. The ear canal be-
haves as a hard-walled cavity at 226 Hz, and the compliance:
admittance ratio is 1:1 at this frequency."”

Tympanometry at 226 Hz has been used to detect middle
ear effusions, and is optimally 80% sensitive and 70% spe-
cific.” A flat type ‘B’ tympanogram by Jergers classification
exhibits high specificity but only 10% sensitivity. In addition,
226-Hz data poorly predict middle ear effusions in infants,
yielding erroneous data in approximately 50% of cases.” Tym-

panometry at 1000 Hz is better, but the data are erroneous in
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about 10% of cases.™ Conventional 226-Hz tympanometry
is of low diagnostic utility in the diagnosis of otosclerosis.
Type ‘A’ tympanograms are observed in 95% of cases.” Con-
ventional tympanometry is also of low diagnostic utility when
employed to evaluate other diseases. For example, tympanom-
etry at 220 Hz detects only 42% of patients with ossicular dis-
continuities when type ‘A’ tympanograms are evaluated.”

As a wide frequency range is required to detect middle ear
pathologies and to distinguish them from one another, several
studies have sought to apply wide-range stimulation. Keefe,
etal.'” and Voss and Allen'" were the first to develop the wide-
band, power-based, response function parameters of acoustic
impedance, admittance, and reflectance in the human ear.
Wideband tympanometry (WBT) yields additional valuable
data. The ability to derive wideband acoustic estimates of mid-
dle ear function under ambient ear canal conditions is especial-
ly significant in newborns and infants.*'"”

Conventional tympanometry uses a single frequency, 226
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Hz, to detect problems in the tympanic membrane and ear cav-
ity. WBT employs wideband click stimuli to assess middle ear
pathologies at multiple frequencies and detects problems with

high accuracy.*"*'"¥ Conventional tympanometry measures ad-
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mittance and compliance, but cannot explore frequencies >1500
Hz because of issues with standing waves. WBT can test up
to 8000 Hz, evaluating absorbance rather than admittance.

The absorbance contains the same information as admittance,

Fig. 1. A typical WBT dataset com-
posed of a three-dimensional graph,
a three-dimensional tympanogram,
and absorbance data. The three-di-
mensional tympanogram shows all
resonance frequencies by pressure
(A) and all data yielded by conven-
tional tympanography at 226 or 1000
Hz in addition to a wideband aver-
aged tympanogram (B). The x-axis
shows the frequency in kHz and the
y-axis absorbance. The test can be
performed at peak tympanic pres-
sure or ambient pressure. The gray
graph shows normative absorbance
data. This test was run at peak pres-
sure (6 daPa) (C).



but that the absorbance graph provides additional information
that can be used in the differential diagnosis for middle ear pa-
thologies (Fig. 1)."” Absorbance is: absorbed sound/incident
sound, or 1 minus the energy reflectance. Absorbance can be
measured during WBT or at ambient pressure.

Clinical Applications

Normative studies

Clinicians must consider normative data before interpreting
the absorbance graph. Age, gender, ear, body size, and race can
affect WBT values, attributable to differences in ear canal
mobility, and the size and length of the outer and middle ear
structures.®"” The use of data derived from studies differing
in age, race, and sex improves diagnostic utility. The use of age-
and ethnicity-specific norms are recommended when diag-
nosing otosclerosis.” Australian Aboriginal and Caucasian
neonates require a broader set of normative data. Aboriginal
neonates exhibit significantly lower absorbances than Cau-
casians, but equivalent pass rates.” WBT exhibits a multi-peak
pattern in infants aged 0—2 months, but a single broadly peaked
pattern in those aged 4—6 months.”” Ozgiir, et al.”” developed
normative data for Turkish populations. The resonance fre-
quency was low in those aged 0—1 months and the absor-
bance at 250 Hz was high in those aged 0—2 years. Aithal, et
al.”” derived normative WBT data for Caucasian neonates.
WBT at 1—4 kHz was optimal when evaluating the outer and
middle ear. Frequencies above 4 kHz yielded variable data.
Polat, et al.” found that the use of different norms for males
and females increased the diagnostic specificity and sensi-
tivity of ossicular discontinuities and tympanic membrane
perforations affecting high-frequency hearing. The side of
the ear may also affect the results. Left ears exhibited greater
energy reflectance at 1.0 and 2.0 kHz.*” In addition, WBT
performed at ambient or peak pressure affect the normative
data and may be clinically valuable in patients with either
negative or positive middle ear pressure. The differences be-
tween systems are not clinically significant.” Sun® reported
normative adult WBT data; the test-retest reliability was ex-
cellent. Keefe, et al.”® evaluated down- and up-swept tympa-
nograms using acoustic stimulation of the ear canal to calcu-
late reflectance. Ryu and Cho®” derived normative data for
Koreans. The WBT absorbances of those aged 1729 years
were higher at 1.6—3.2 kHz. Males exhibited higher absorbanc-
es at low frequencies and females at high frequencies, especial-
ly 4 kHz. The use of such data increased diagnostic precision.
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Improvements in tympanometry

WBT improves tympanometry by yielding tympanograms
of various frequencies, including resonance frequency tym-
panograms that determine whether the ear problem is mass-
or stiffness-predominant. Some clinicians use such data to de-
tect otosclerosis and ossicular chain abnormalities.**” The
average adult value is 375—2000 Hz, but 800—2000 Hz in in-
fants; such frequency data are used to detect middle ear effu-
sions. They are minimally noise-sensitive, yielding clean trac-
es from even noisy patients such as on infants. A comparison
between WBT at 1250 Hz and static admittance at 226 Hz
found that WBT best distinguished between healthy ears and
those with a middle ear effusion.”” High-frequency tympa-
nometry yields better results in younger infants, and low-fre-
quency tympanometry better results in older infants. Howev-
er, the optimal frequencies detecting middle ear problems in
infants aged 4—8 months remain unclear. WBT yields tympa-
nograms at both 226 and 1000 Hz, allowing clinicians to com-
pare low- and high-frequency data. Terzi, et al.”’ found that
the wideband acoustic absorbance rate (the 0.375—2-kHz av-
erage mean absorbance) was significantly lower in patients
suffering from otitis media with effusion than in those with
simple otitis media, or healthy subjects (»<0.017 and 0.001,

respectively).

New Contributions
to Differential Diagnoses

Otosclerosis

Otosclerotic 226-Hz tympanograms are often very similar
to normal tympanograms. Static immittance recorded at high-
er probe-tone frequencies is superior to that measured using
standard low probe-tones in the diagnosis of otosclerotic ears.”
Furthermore, it is not easy to monitor disease progression us-
ing only audiometric and acoustic reflex data. WBT absor-
bance and resonance data can be used to detect and monitor
otosclerosis. The absorbance at peak pressure differs from that
of normal ears. Otosclerosis is associated with low absorbance
at <1 kHz.”**” In addition, changes in resonance frequency
over time may indicate disease progression. Although the res-
onance frequencies differ significantly among individuals, the
frequency should be stable in ears with normal middle ear func-
tion. As otosclerosis progresses, the middle ear stiffens, caus-

ing the resonance frequency to increase over time.****”
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Middle ear problems in infants

Tympanometry using higher probe-tone frequencies yields
more sensitive data than does conventional low probe-tone
tympanometry when middle ear disease is suspected in new-
born infants.”” WBT adds high-frequency information. In
addition, WBT yields a wideband-averaged tympanogram.
In infants, tympanograms from 800 to 2000 Hz are averaged
to yield a single curve. For patients older than 6 months, the
appropriate range is 375 to 2000 Hz. An averaged curve is less
sensitive to noise than are tympanograms recorded at single
frequencies; averaging reduces noise. In addition, WBT can
differenciate between an airfilled ear and an ear with com-
plete otitis media with effusion (OME) using the absorbance
gr aph.zg,so)

Guan, et al.””

described the factors affecting sound energy
absorbance in a chinchilla model of acute otitis media. Middle
ear pressure was the principal contributor to a reduction in
sound energy absorbance in early-stage disease. Middle ear
effusion reduced the sound energy absorbance at 6—8 kHz in
early-stage disease and at 2—8 kHz on day 8 of disease. A loss
of residual sound energy absorbance attributable to structural
changes was evident over the entire frequency range on day
8 of disease, but only at high frequencies in early-stage disease.
Aithal, et al."” reported that the 1—4-kHz region could be op-
timally used to evaluate the conductive status of newborns.

Newborn hearing screening (NHS)

WBT can be used for newborn hearing screening (NHS).
WBT and wideband reflexes could be more accurate than 256
or 1000 Hz tympanometry. Power reflectance measurements
are significantly different for ears that pass NHS and ears

that refer with middle-ear transient condition.'****”

Tympanic perforations

Conventional tympanometry detects tympanic perforations
and pressure-equalization tube opening, but it yields no more
middle ear information. WBT similarly detects perforations or
open pressure- equalization tubes. In addition, WBT can be used
to pre/post monitoring of pressure equalization tube. A per-
foration changes the absorbance pattern. In addition, the
tympanographs and absorbance graphs yield middle ear data
across the full frequency range. Perforated ears exhibit high-
er absorbances at low frequencies; interestingly, the smallest
perforations have the largest effect.””

378

Ossicular chain disarticulation

Eardrum thinning and ossicular chain disarticulation trig-
ger high-level static compliance at 226 Hz. However, it is not
easy to distinguish these diseases by conventional tympanog-
raphy. The existence of a resonance frequency identifies a dis-
articulation; the absorbance peak in the lower-frequency re-
gion is reduced.”®* Ossicular discontinuity shows a prominent
notch in wideband reflectance around 400—800 Hz.***¥

Semicircular canal dehiscence (SCD)

Nakajima, et al.* reported that absorbance could be used to
identify semicircular canal dehiscence (SCD) with 92% sen-
sitivity and 72% specificity. SCD shows SCD notch. It is a notch
around 1 kHz and smaller and not as sharp as the notch due to

. . . . 34
ossicular discontinuity.*”

Postoperative monitoring

It is not easy to evaluate a fragile middle ear after ear sur-
gery; it is important to not apply pressure to the eardrum. WBT
yields an absorbance graph in the absence of applied pressure.
Middle ear status may thus be assessed immediately after sur-

30,34)

gery.

Others

Pitaro, et al.”

investigated wideband reflectance in new-
borns; significant increases were evident when 70—80% of the
ear canal diameter was occluded.

Significant differences in energy reflectance curves were evi-
dent in Down’s syndrome patients with middle ear patholo-

.3
gies.*”

Pucci, et al.””

used WBT to analyze acoustic absorbance in
neonates exposed to passive smoking during pregnancy. The
absorbances at low frequencies were lower than those at high
frequencies at both ambient and peak pressures, but no differ-
ence between the exposure and non-exposure groups was ev-
ident.

Voss, et al.”® reported that WBT can be used to monitor in-

tracranial pressure change.

Conclusion

WBT yields valuable tympanographic and absorbance in-
formation about the middle ear. WBT is clinically valuable
when evaluating middle ear effusions in infants, otosclerosis,
disarticulations, and tympanic perforations; it can also be used
for postoperative monitoring. More normative and pathologi-



cal data on Koreans are required. WBT will also be useful to
explore other middle ear diseases. In research laboratories,
WBT can be used to detect hidden middle ear pathologies. WBT
will become increasingly popular in the clinic and laboratory.
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