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Abstract The objective of the present study is to evaluate
the Eustachian tube (ET) acoustic patency during phona-
tion. The sound level in the EAC during phonation of the
“A” and ”N” sounds was measured by microphones in the
bilateral EACs of nine normal subjects and 31 patients with
patulous ET. The measured sound pressure diVerences
between the right and left ears were correlated with the
diVerences in severity of autophony between the bilateral
ears assessed by a visual analogue scale (VAS). The patu-
lous condition was often remarkable when the “N” sound
was phonated. In some patients with patulous ET, the patu-
lous condition was indicated only by the present method,
and not by conventional ET function tests such as tubo-
tympano-aerodynamic-graphy or sonotubometry.
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Introduction

Patients with patulous Eustachian tube (ET) suVer from dis-
comforts such as aural fullness, autophony, hearing their
own breathing, and others [1–4]. Many of these symptoms
are caused by persistent opening of the normally closed ET
[5]. Therefore, evaluation of the acoustic transfer function

from the nasopharyngeal cavity to the middle ear via the
patulous tube is important. Conventional ET function tests,
such as tubo-tympano-aerodynamic-graphy (TTAG) and
sonotubometry, or the recently reported audiometry using
nasally presented sound, can objectively evaluate the
acoustic or pressure transfer functions via the patulous ET
under the resting or swallowing conditions [5–10]. How-
ever, autophony, a common symptom of patulous ET, is an
unpleasant but subjective discomfort which only occurs
during phonation. Therefore, a method for the evaluation of
ET function during phonation would be valuable.

In fact, patients with patulous ET often present with
autophony as the only subjective symptom. The degree of
patulous ET in such patients may be insuYcient to cause
other patulous symptoms under the non-phonating condi-
tion. The actual sound generated by phonation is transmit-
ted via the patulous ET and can be detected directly through
an otoscope introduced into the external auditory canal
(EAC). This method is convenient, but objective assess-
ment is diYcult.

The present study tried to measure the sound pressure
level (SPL) in the EAC during phonation using micro-
phones introduced into the EAC as a method of objectively
evaluating the subjective symptoms of autophony in
patients with patulous ET.

Materials and methods

Nine normal subjects and 31 patients with patulous ET
were included. The normal subjects had no past history of
ear disease or any complaints of aural symptoms. The diag-
nosis of patulous ET was based on the typical symptoms,
such as autophony, aural fullness, and hearing one’s own
breathing, as well as the Wndings of tympanic membrane
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and ET function tests, in which a pressure change in the
middle ear and/or the EAC elicited by forced deep breath-
ing and/or sniVing (pressure change in the pharyngeal
space) was detected as a synchronous movement of the
tympanic membrane and/or the pressure change in EAC
(TTAG) measured with a commercial device (JK 04A;
RION Co., Ltd., Kokubunji, Tokyo, Japan).

The SPLs in the EAC during phonation were measured
with a low-noise microphone system (ER-10C; Etymotic
Research, Elk Grove Village, IL, USA). The probe was
sealed into the ear canal with a rubberized foam ear plug.
The SPLs recorded in the EAC were ampliWed and ana-
lyzed using a personal computer. A mouthpiece was placed
in the subject’s mouth and the subject was asked to make an
“A” sound (vowel sound) and an “N” sound (nasal sound).
The subject wore noise canceling headphones (QC-2; Bose,
Framingham, MA, USA) during recording to minimize
possible interference from outside sounds, including ambi-
ent noise or leaked phonated sound from the nostril or
mouth. These results were compared with the subjective
severity of the autophony symptom, which was assessed
using a visual analogue scale (VAS) (0 and 10 indicated
“no symptoms” and “too severe to tolerate,” respectively).

All parts of the present study were performed in accor-
dance with the guidelines of the Declaration of Helsinki.

Results

Normal subjects

Typical results obtained from a normal subject are pre-
sented in Fig. 1. The sound level in the EAC increased as

the phonated sound level increased, but the diVerence in
sound levels between right and left was usually less than
10 dB in most normal subjects, with the mean § standard
deviation of sound pressure diVerence (right–left ) of
¡1.94 § 4.80 for the “A” sound, 1.01 § 5.35 for the “N”
sound (Fig. 5). Although the SPL at the nasopharynx dur-
ing phonation appeared to be one of the important factors
aVecting the absolute SPL in the EAC, adequate control of
the nasopharyngeal sound level during phonation sessions
was actually quite diYcult. Therefore, the recorded data
were analyzed based on the sound level diVerence between
the right and left ears. Figure 1d shows a typical example of
the eVect of the noise canceling headphone in a normal sub-
ject. The recorded sound level was slightly increased by
wearing the headphone, possibly due to the pressure eVects
of wearing the headphone, which compressed the ear plug
medially. Similar eVects were observed in two other sub-
jects. This observation indicates that the sound levels
recorded in the EAC during phonation reXect the sound
transmitted via the patulous ET.

Typical cases

Case 1 is a typical patient with patulous right ET who com-
plained of autophony in the right ear (Fig. 2). The right ET
was persistently open during sonotubometry recording
(about 8 s). The SPL during phonation was greater by
13.1 dB in the aVected ear than in the unaVected ear.

Case 2 is a patient with severe patulous right ET who
underwent trans-tympanic silicone plug insertion to control
the intractable patulous symptoms [11] (Fig. 3). Trans-tym-
panic silicone plug insertion is intended to obstruct the isth-
mus of the ET, and is an eVective treatment for severe cases

Fig. 1 Typical results obtained 
from a normal subject. Upper 
and lower traces indicate the 
monitoring chart of SPL in the 
right and left ears, respectively. 
The numbers on the inserted 
rectangles indicate the mean 
SPL during the phonation. a, b 
and c indicate the SPLs in the 
EACs during phonation of “N” 
at diVerent SPLs (a low level, 
about 60 dB SPL; b moderate 
level, about 70 dB SPL; c high 
level, about 75 dB SPL); d 
shows a typical example of the 
eVect of the noise canceling 
headphone
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which are resistant to conservative treatments. First, a small
silicone plug was inserted, but her autophony was
unchanged or slightly worsened. Then, a larger size plug
was applied and her patulous symptoms almost disappeared.
The Wndings of TTAG and the sound level recording in the
EAC during phonation were basically consistent with her
subjective symptoms. However, TTAG showed the synchro-
nous movement of the pressure in the EAC had disappeared
after the second obstructive treatment, whereas considerable
acoustic patency during phonation was still observed.

“A” sound vs. “N”sound

“A” and “N” sounds were used as phonation sounds. The
diVerence in the recorded sound level between the right and
left ears was often remarkable when the “N” sound was
used (Fig. 4a, c). The level diVerences between the right
and left ears for the “A” sound and the “N” sound are com-
pared in Fig. 5. Basically the results were well correlated,
although the level diVerence was sometimes only remark-
able when the “N” sound was used (Fig. 6).

Fig. 2 Recording of EAC sound 
level during phonation (a) and 
the results of sonotubometry (b, 
c) of a typical patient with patu-
lous right ET (case 1)

Fig. 3 Sound level recording in 
the EAC during phonation (a, b, 
c) and tubo-tympano-aerody-
namic-graphy (TTAG) (d, e, f) 
in a patient with severe patulous 
right ET (case 2), in which a 
transtympanic silicone plug was 
inserted to control the intractable 
patulous symptoms (see text for 
further details)
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Relationship with the subjective symptoms

The interaural diVerence of the objective symptom of auto-
phony assessed by VAS was compared with that of the
sound pressure in the EAC. These values showed a signiW-
cant positive correlation (p < 0.05).

Discussion

The present method is intended to assess the acoustic
patency of the ET during phonation, in contrast to the con-
ventional ET function tests such as TTAG and sonotubom-
etry. The present method can provide additional useful
information concerning the patulous condition, especially
in relation to the subjective symptom of autophony.

The palatal muscles related to the ET function (tensor
veli palatine muscle and levator veli palatine muscle) are
important in phonation, so the ET patency during phonation

Fig. 4 Acoustic patency during 
the phonation of “A” and “N.” 
The diVerence in recorded sound 
level between right and left ears 
was often remarkable during 
phonation of “N.” The monitor-
ing charts show the phonations 
of “A” (a, c) and “N” (b, d) from 
two representative patients

Fig. 5 Sound level diVerences between the right and left ears for the
“A” sound and the “N” sound. The data for the patients with unilateral
patulous ET and bilateral patulous ETs, and the normal subjects are
shown as circles, triangles, and crosses, respectively. Basically both
factors were well correlated although the level diVerence was some-
times remarkable when the “N” sound was used
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Fig. 6 Relationship between 
the interaural diVerence of the 
objective symptom of autophony 
assessed by VAS and the SPL in 
the EAC. Data for patients with 
unilateral and bilateral patulous 
ETs are shown as circles and tri-
angles, respectively
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may diVer from that during non-phonation. The Wndings of
TTAG and the present method are contrasted in Fig. 3,
showing that the patulous condition was detected after
treatment only by the present method.

The present results show that the acoustic patency during
the phonation was often remarkable when the nasal sound
“N” was phonated in patients with patulous ET (Fig. 5).
Phonation of the nasal sound “N” or “M” is believed to
cause suYcient pressure in the nasopharyngeal cavity to
open the ET, especially under relatively patulous conditions
[12]. In contrast, the nasopharyngeal pressure during the
phonation of “A” may not be increased so much, because
the soft palate tends to block the passage between the oro-
pharyngeal and nasopharyngeal spaces. Moreover, articula-
tion of the “N” sound contracts the palatal muscles much
less than articulation of “A.” These factors may contribute
to the diVerent ET patency observed between phonations
“A” and “N” in patients with patulous ET. Therefore, patu-
lous ET indicated only when “N” sound is phonated may be
somewhat less severe than if the patulous condition is indi-
cated regardless of the type of phonated sound.

In contrast to the other ET function tests, the present
method uses the patient’s own phonated sound as the sound
source. However, this leads to diYculty in controlling the
accurate sound level of the source (phonation). In this
study, the recorded data were basically analyzed based on
the sound level diVerence between the right and left ears.
Therefore, we think that the present method would be use-
ful for assessment of unilateral patulous ET, evaluation of
the laterality of the patulous ET condition in bilateral cases,
and monitoring the eYcacy of therapy performed on the
unilateral ET (untreated side used as control).

Sound level monitoring in the EAC is aVected by various
factors. Greater thickness of the tympanic membrane
reduces the sound level in the EAC, whereas the presence
of tympanic membrane perforation or ventilating tube
increases the sound level. Therefore, careful interpretation
of Wndings is required in patients with tympanic membrane
perforation or with ventilating tube.

The clinical eYcacy of the present method requires fur-
ther evaluation, but the potential for additional information
on the acoustic patency of the ET during the phonation sug-
gests that this method may become an important clinical
examination to assess the ET function of patients with patu-
lous ET.

Acknowledgments This study was supported by grants from the
Ministry of Education, Culture, Sports, Science and Technology of Ja-
pan (Grant-in-Aid for ScientiWc Research (B) 80133958).

References

1. Doherty JK, Slattery WH (2003) Autologous fat grafting for the
refractory patulous Eustachian tube. Otolaryngol Head Neck Surg
128:88–91

2. Kobayashi T (2000) Diagnosis and treatment of patulous Eusta-
chian tube. Pract Otol 93:897–907

3. O’Connor AF, Shea JJ (1981) Autophony and the patulous Eusta-
chian tube. Laryngoscope 91:1427–1435

4. Ogawa S, Satoh I (1976) Patulous Eustachian tube. A new treat-
ment with infusion of absorbable gelatin sponge solution. Arch Ot-
olaryngol 102:276–280

5. Virtanen H (1978) Sonotubometry. An acoustical method for
objective measurement of auditory tubal opening. Acta Otolaryn-
gol 86:93–103

6. Virtanen H (1978) Patulous Eustachian tube. Diagnostic evalua-
tion by sonotubometry. Acta Otolaryngol 86:401–407

7. Kumazawa T, Honjo I, Honda K (1974) Aerodynamic evaluation
of Eustachian tube function. Preliminary report on normal sub-
jects. Arch Otorhinolaryngol 208:147–156

8. Kumazawa T, Honjo I, Honda K (1977) Aerodynamic pattern of
Eustachian tube dysfunction. Arch Otorhinolaryngol 215:317–323

9. Kano S, Kawase T (2004) Possible new assessment of patulous
Eustachian tube function: audiometry for tones presented in the
nasal cavity. Acta Otolaryngol 124:431–435

10. Hori Y, Kawase T (2006) Audiometry with nasally presented
masking noise: novel diagnostic method for patulous Eustachian
tube. Otol Neurotol 27:596–599

11. Sato T, Kawase T (2005) Trans-tympanic silicone plug insertion
for chronic patulous Eustachian tube. Acta Otolaryngol 125:1158–
1163

12. Perlman HB (1939) The Eustachian tube: abnormal patency and
normal physiologic state. Arch Otolaryngol 30:212–238
123


	Objective assessment of autophony in patients with patulous Eustachian tube
	Abstract
	Introduction
	Materials and methods
	Results
	Normal subjects
	Typical cases
	“A” sound vs. “N”sound
	Relationship with the subjective symptoms

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


