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INTRODUCTION

In most cases, tinnitus is accompanied by decreased hearing abil-
ity, suggesting that the peripheral acoustic organs are a site of
occurrence of tinnitus (1, 2). Severity of tinnitus is often found to
increase with the degree of hearing loss and the pitch of tinnitus
often coincides with the frequency of the lesion or is just below
the precipitous edge of the lesion. These findings demonstrate
that damage to cochlear hair cells plays a crucial role in the patho-
genesis of tinnitus (3-7). However, tinnitus can also appear in

deaf patients or those in which the auditory nerve has been sur-
gically sectioned. Studies measuring changes in positron emission
computed tomography (CT) associated with tinnitus have sup-
ported the hypothesis that tinnitus originates in the central ner-
vous system. Thus, tinnitus does not develop from damaged hair
cells, but is a phantom perception caused by plastic readjustments
of the auditory center due to decreased afferent signals (8-10). In
other words, in patients with hair cell destruction within a spe-
cific frequency range, there is a decrease in signal transduction of
the corresponding frequency from the acoustic nerve. This reduced
nerve input, which has a characteristic frequency in the hearing
loss range, may result in a reduction of lateral inhibition at the dor-
sal cochlear nucleus or inferior colliculus. The reduced nerve input
may also be due to the development of tinnitus caused by the
hypersensitivity and hyperactivity in auditory neurons at the edge
frequency (10, 11). In addition, tinnitus may be caused or changed
by somatosensory or somatic motor nerves other than the acoustic
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Objectives. To compare tinnitus patients who have normal hearing between 250 Hz and 8 kHz with normal controls
with regard to the ability of each group to hear extended high-frequency pure tone thresholds.

Methods. We enrolled 18 tinnitus patients, each of whom had a threshold of HL <25 dB and threshold differences of <10
dB between ears at frequencies of 250 and 500 Hz and 1, 2, 4, and 8 kHz. We also enrolled age- and gender-mat-
ched normal volunteers (10 ears), for each patient. Extended high frequency pure tone audiometry was performed,
and the mean hearing thresholds at 10, 12, 14, and 16 kHz of each tinnitus ear were compared with those of the
10 age- and sex-matched normal ears.

Results. Of the 18 patients with tinnitus, 12 had significantly increased hearing thresholds at more than one of the four
high frequencies, compared with the normal group. When we assessed results according to frequency, we found
that 8 patients had decreased hearing ability at 10 kHz, 10 at 12 kHz, 8 at 14 kHz, and 4 at 16 kHz.

Conclusion. Some patients with tinnitus who have normal hearing below 8 kHz have decreased hearing ability at extend-
ed high-frequencies. Thus, the proportion of patients with tinnitus who have normal hearing over the entire audi-
ble range is smaller than in previous reports.
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nerve, suggesting that tinnitus may occur in the dorsal cochlear
nucleus (11, 12). Tinnitus can be modulated by various somato-
sensory manipulations, and cross-modality interactions between
auditory and somatosensory information can take place in the
dorsal cochlear nucleus.

The occurrence of tinnitus, together with normal hearing abili-
ty, suggests that the former may develop purely in the central
nervous system, with no relation to cochlear damage. The pro-
portion of patients with tinnitus and normal hearing has been
reported to range from 7.4% to 20% (13-15). These studies, how-
ever, are based on classical pure tone audiometry, with frequen-
cies that do not exceed 8 kHz. Because audible frequencies range
between 20 Hz and 20 kHz in humans (16), we hypothesized
that the proportion of tinnitus patients with completely intact
cochlea is between 7.4% and 20%. We therefore measured hear-
ing thresholds at extended high frequencies in patients with tin-
nitus who had normal hearing on classical pure tone audiome-
try within the range 250 Hz to 8 kHz. If there are tinnitus patients
with complete normal hearing at the highest end of the audible
hearing frequency, tinnitus may originate in the central nervous
system. The purpose of this study was to evaluate how many
patients who have conventionally normal hearing reveal abnor-
mal hearing thresholds at extended high-frequencies. 

MATERIALS AND METHODS

Of 510 patients who visited our clinic between January 2006
and May 2008 with a chief complaint of subjective tinnitus, 49
had a pure tone threshold <25 dB HL and threshold differences
<10 dB between ears at frequencies of 250 and 500 Hz and 1,
2, 4, and 8 kHz. Patients with objective tinnitus, abnormal oto-
logic findings, or a history of neurological illness or endocrine
diseases such as hypothyroidism or diabetes, were excluded. Of
these patients, however, 31 were ineligible for this study because
their symptoms disappeared within 3 months, they refused to
participate, or they could not be followed-up. Thus, 18 patients
(18 ears), each of whom had persistent tinnitus for a minimum
of 3 months, were enrolled in this study. This group consisted
of 3 men and 15 women with a mean age of 41.2 yr (range, 31
to 54 yr). All 18 had normal waves and latencies in 30 dB nHL
click stimuli of auditory brainstem response. Tinnitus was pre-
sent in 7 left ears and 11 right ears; none had bilateral tinnitus.
For each patient, we enrolled 5 age- and sex-matched normal
volunteers (10 ears), each of whom had a threshold <25 dB HL
and threshold differences <10 dB between ears at frequencies
below 8 kHz. Mean hearing threshold was measured over an
extended high frequency range, including frequencies of 10, 12,
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Case Sex Age Site

10 kHz (dB SPL) 12 kHz (dB SPL) 14 kHz (dB SPL) 16 kHz (dB SPL)

Patients Patients Patients Patients
Controls 
(n=10)

Controls 
(n=10)

Controls 
(n=10)

Controls 
(n=10)

Table 1. Extended high-frequency threshold in tinnitus patients and corresponding controls

1 M 31 Right 27 35.8±6.3 70.5* 26.7±2.6 83* 45.0±9.9 106* 67.6±13.0
2 F 32 Right 57* 35.5±5.8 85.5* 49.5±10.2 96* 70.0±11.3 106 104.0±4.8
3 F 33 Left 32 37.0±6.7 45.5 43.5±12.1 61 62.5±17.8 106* 91.0±14.7
4 F 34 Right 27 33.5±11.6 55.5* 36.0±7.2 76* 48.0±10.9 106* 94.0±11.4
5 F 35 Right 37 36.5±6.9 35.5 42.5±14.0 64 67.0±23.5 101 105.5±1.6
6 F 35 Right 47* 36.5±6.9 55.5* 42.5±14.0 66 67.0±23.5 106 103.0±6.3
7 F 36 Right 27 37.0±9.4 35.5 41.0±16.2 61 70.0±16.3 106 102.0±5.7
8 F 38 Right 67* 43.0±13.7 75.5* 50.0±13.6 91* 66.5±19.5 106 99.5±13.3
9 F 39 Left 32 46.5±18.1 40.5 61.5±17.6 66 79.5±13.3 86 103.0±7.9

10 F 42 Right 92* 37.5±7.6 90.5* 49.0±9.4 94* 75.0±11.0 106 104.5±3.4
11 F 43 Left 57* 42.5±7.6 70.5* 56.2±12.4 101* 83.5±13.4 106 104.5±3.4
12 F 44 Right 97* 45.5±8.2 90.5* 57.0±17.8 106* 88.5±18.6 106 106.0±0.0
13 M 45 Right 67* 37.0±10.3 70.5* 44.0±20.1 81 67.0±22.6 101 101.5±8.6
14 F 47 Left 72* 41.5±10.7 100.5* 68.5±6.7 101 94.5±10.3 106 106.0±0.0
15 F 51 Left 32 57.0±13.7 35.5 79.5±13.9 66 99.5±4.7 106 105.5±1.6
16 F 51 Left 42 57.0±13.7 50.5 79.5±13.9 86 99.5±4.7 106 105.5±1.6
17 M 51 Right 47 49.0±14.6 50.5 66.0±29.3 96* 73.0±29.6 106* 94.5±15.6
18 F 54 Left 47 56.0±8.8 50.5 78.5±12.3 101 97.5±7.1 106 106.0±0.0

Total 42.3±12.6 54.0±20.6 75.2±22.2 100.2±12.0

Of the 18 patients with tinnitus, 12 (patients 1, 2, 3, 4, 6, 8, 10, 11, 12, 13, 14, and 17) had significantly increased hearing thresholds at more than one of the
three tested frequencies in comparison with the age- and gender-matched normal group. In the other six patients (patients 5, 7, 9, 15, 16, and 18), the hear-
ing threshold did not differ or was lower than that of the normal group.
*P<0.05.
SPL: sound press level.



14, and 16 kHz. This was done for each of the 18 patients with
tinnitus and for 5 volunteers (10 ears) matched in age and sex
to each of the 18 patients. Because there were 2 pairs of patients
of the same age and gender (patients 5 & 6, 15 & 16) (Table 1),
a total of 160 control ears were enrolled. Normal individuals
were excluded if there were complaints of subjective tinnitus, a
family history of hearing difficulty, a previous history of noise
exposure or otic diseases, or complaints of a subjective decrease
in hearing ability. We used a pure tone audiometer (Orbiter 922;
GN Otometrics, Copenhagen, Denmark) and a specialized head-

phone for the ultra-high frequency range (HAD-200; Sennheiser,
Wedemark, Germany) to obtain hearing thresholds for frequen-
cies of 10, 12, 14, 16, 18, and 20 kHz at a dB sound pressure
level. Measurements were done using an ascending-descending
technique, in 5 dB steps at all frequencies. If a patient made two
or more responses to a set of 3 stimuli, she/he was deemed to
have heard the sound. At frequencies >18 kHz, most patients
did not respond to the maximum stimulatory sound, even among
volunteers without tinnitus. We were not provided with any cal-
ibration form from the manufacturing company. Thus, we com-
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Fig. 2. Hearing thresholds of tinnitus patients and controls at 12 kHz.
Ten patients (patients 1, 2, 4, 6, 8, 10, 11, 12, 13, and 14) had decr-
eased hearing at 12 kHz (*P<0.05) ( : controls, : patient).
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Fig. 3. Hearing thresholds of tinnitus patients and controls at 14 kHz. 
Eight patients (patients 1, 2, 4, 8, 10, 11, 12, and 17) had decreased
hearing at 14 kHz (*P<0.05) ( : controls, : patient).
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Fig. 4. Hearing thresholds of tinnitus patients and controls at 16 kHz.
Four patients (patients 1, 3, 4, and 12) had decreased hearing at 16
kHz (*P<0.05) ( : controls, : patient).
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Fig. 1. Hearing thresholds of tinnitus patients and controls at 10 kHz. 
Eight patients (patients 2, 6, 8, 10, 11, 12, 13, and 14) had decreased
hearing ability at 10 kHz (*P<0.05) ( : controls, : patient).
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pared the mean hearing thresholds of each tinnitus ear and 10
normal ears at 10, 12, 14, and 16 kHz using a Mann-Whitney
test. The Mann-Whitney test and Fisher’s exact test were used
for comparisons at each frequency between the tinnitus group
and the control group (stratified by age-decade, and the charac-
teristics of tinnitus). 

RESULTS

Of the 18 patients with tinnitus, 12 (patients 1, 2, 3, 4, 6, 8, 10,
11, 12, 13, 14, and 17) had significantly increased hearing thresh-
olds at more than one of the three test frequencies in compari-
son with the age- and sex-matched normal group. In the other 6
patients (patients 5, 7, 9, 15, 16, and 18), the hearing threshold
did not differ or was lower than that of the normal group. Of the
12 patients with increased hearing threshold at extended high
frequencies, three (patients 6, 13, and 14) had decreased hearing
at 10 and 12 kHz, five (patients 2, 8, 10, 11, and 12) had decre-
ased hearing at 10, 12, and 14 kHz, two (patient 1 and 4) had
decreased hearing at 12, 14, and 16 kHz, one (patient 17) had
decreased hearing at 14 and 16 kHz, and one (patient 3) had de-
creased hearing at 16 kHz. When we assessed results according
to frequency, we found that 8 patients had decreased hearing
ability at 10 kHz, 10 had decreased hearing at 12 kHz, 8 had
decreased hearing at 14 kHz, and 4 had decreased hearing at
16 kHz (Figs. 1-4).

In the comparison between the mean of hearing thresholds of
tinnitus subjects (n=18) with <25 dB HL at the conventional fre-
quencies, and that of their counterparts (subjects without tinni-
tus, n=160) in dB sound press level (SPL) by age-decade, tinni-
tus subjects had a significantly higher threshold at 10 kHz only.
The mean hearing thresholds in the tinnitus patients group aged
<35 yr, and in the group aged 35-44 yr were significantly higher
than those of normal subjects at 14 kHz and 10 kHz, respective-
ly. However, there was no significant difference between the
two groups at all frequencies for those aged >45 yr (Table 2).

In the comparison of characteristics between tinnitus patients
within the normal hearing threshold up to extended high frequen-
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Tinnitus patients (n=18)

Table 3. Comparison of characteristics between tinnitus patients
with normal hearing thresholds up to extended high frequencies
and patients with increased hearing thresholds at extended high
frequencies

Normal hearing
threshold at

extended high
frequencies (n=6)

Increased hearing
threshold at

extended high fre-
quencies (n=12)

P-value

Age 44.3±8.6 39.6±6.6 0.210
Sex 
Male:Female 0:6 1:3 0.270

Duration
Intermittent:Continuous 5:1 5:1 1.000

Recovery rate of tinnitus 2 (33.3%) 8 (66.7%) 0.577
Presence of subjective 1 (16.7%) 4 (33.3%) 0.347
hearing loss

Presence of hyperacusis 1 (16.7%) 2 (16.7%) 0.485
Tinnitus handicap 45.3±24.9 32.9±25.6 0.350
inventory score

*P<0.05.

Age groups in
years (n)

Frequency
(kHz)

P-value

Mean±SE

Without
tinnitus

With
tinnitus

Table 2. Comparison between means of hearing thresholds of tin-
nitus subjects with <25 dB HL in the conventional frequencies and
that of their counterparts in subjects without tinnitus in dB sound
press level by age-decade

All age groups 0.25 31.1±5.7 28.9±5.8 0.137
With tinnitus=8 ears 0.5 22.7±6.2 21.1±5.0 0.216 
Without tinnitus=60 ears 1 19.7±5.8 17.5±5.0 0.086 

2 15.6±4.4 16.5±5.7 0.536 
4 21.2±7.5 21.6±6.3 0.807 
8 33.9±6.1 32.4±7.0 0.374 

10 50.3±21.6 42.5±12.6 0.021*
12 61.6±20.8 54.0±20.6 0.135 
14 83.1±15.9 75.2±22.2 0.142 
16 104.3±4.9 100.2±12.0 0.148 

<35 0.25 29.3±4.8 27.8±5.2 0.582
With tinnitus=4 ears 0.5 23.5±2.9 19.3±4.7 0.088
Without tinnitus=40 ears 1 19.3±4.8 16.0±5.5 0.264 

2 13.3±4.8 15.6±5.7 0.428 
4 13.3±7.5 19.3±6.1 0.072 
8 30.0±6.5 29.8±6.6 0.943 

10 35.8±14.4 35.5±7.7 0.946 
12 46.3±13.8 38.9±12.1 0.259 
14 79.0±14.6 56.4±16.1 0.010*
16 106.0±0.0 89.2±17.5 0.064 

35-44 0.25 32.4±6.2 28.4±5.3 0.051
With tinnitus=8 ears 0.5 21.0±7.6 20.9±4.8 0.948
Without tinnitus=70 ears 1 19.3±7.9 16.7±4.7 0.181 

2 14.5±2.7 15.9±5.6 0.493 
4 22.0±4.6 21.9±6.3 0.978 
8 35.6±5.9 32.6±7.3 0.253 

10 57.0±26.6 40.6±10.8 0.001*
12 61.8±23.3 50.0±15.7 0.057 
14 81.1±18.6 74.6±19.0 0.358 
16 102.9±7.0 103.5±6.5 0.798 

>45 0.25 30.5±6.1 30.3±6.6 0.953
With tinnitus=6 ears 0.5 24.3±6.1 22.7±4.8 0.434 
Without tinnitus=50 ears 1 20.5±3.2 19.6±4.3 0.611 

2 18.7±4.9 17.8±5.8 0.735 
4 25.3±7.6 22.6±6.2 0.310 
8 34.2±6.1 33.8±6.5 0.905 

10 50.3±14.4 49.6±14.1 0.902 
12 61.3±23.1 69.3±21.0 0.381 
14 88.5±13.7 88.5±20.6 1.000 
16 105.2±2.0 103.2±8.2 0.556

*P<0.05.



cies and tinnitus patients with increased hearing thresholds at
extended high frequencies, there was no significant difference
(Table 3).

DISCUSSION

Of the 510 tinnitus patients who visited our clinic, 49 (9.6%) had
normal hearing on conventional audiometry <8 kHz, which is
within the range (7.4 to 20%) previously reported (13-15). Of
the 18 enrolled patients with tinnitus, all of whom had normal
hearing at frequencies below 8 kHz, 12 (66.7%) had decreased
hearing ability at more than one of the four extended high fre-
quencies, 10, 12, 14, and 16 kHz. These results indicate that there
are patients with tinnitus who are found to be normal on con-
ventional audiometry, with a threshold below 8 kHz, who can
be excluded from the current analysis if extended high frequen-
cy stimuli are included. In contrast to our findings, an analysis
of extended high frequency thresholds in 17 tinnitus patients
aged 17 to 45 yr and in 17 age- and sex-matched controls found
no significant between group differences (14). The earlier study,
however, compared patients and controls at a ratio of 1:1. Be-
cause there are great discrepancies in extended high frequency
thresholds among individuals, the hearing threshold of each con-
trol likely does not represent the corresponding age group (17).
Moreover, it would be rather inaccurate to make comparisons
based on mean threshold values of whole patients and controls,
and not make comparisons between hearing thresholds of indi-
vidual patient and matched controls, which would show great
age- and sex-related discrepancies. As age increases, such fac-
tors as noise exposure, accumulation of ototoxic materials and
aging itself will lower extended high frequency hearing ability,
making it very difficult to establish a certain level of hearing thre-
shold as the normal value. Thus, to reduce inter-individual dif-
ferences in extended high frequency hearing ability, we matched
5 volunteers (10 ears) by age and sex to each of our 18 patients.
Standard deviations of hearing threshold at 10, 12, and 14 kHz
in the 160 normal ears were 12.6, 20.6, and 22.2, respectively.
These results did not differ greatly from earlier studies, which
showed that the standard deviations at these three extended high
frequencies were 11, 15.6, and 20.2 dB respectively, in 104 ears
of patients aged 18 to 49 yr (17). We found that the standard de-
viation was greater at higher frequencies, which may be due to
the greater effect on the anatomical structure of the external
acoustic meatus (18). In addition, because the mean age of nor-
mal volunteers was relatively high (41.2 yr [range, 31 to 54 yr])
and age-induced hearing impairments may have already occur-
red, the threshold of normal individuals had greater standard
deviations at higher frequencies. However, in the case of 16 kHz,
too many cases of “106 dB SPL or more” (cases of no respons-
es to the maximal stimulatory sound) induced such a small stan-
dard deviation (12.0). 

Of the 18 patients with tinnitus, 6 did not show a decrease in
hearing ability at extended high frequencies, suggesting that they
could have normal hearing at all audible frequencies. The patho-
genesis of tinnitus where there is no decrease in hearing ability
may have various causes. Tinnitus may be induced purely in the
central nervous system without damage to peripheral sensory
organs. In most patients with tinnitus, the afferent signals are de-
creased by damage to peripheral sensory organs, and plastic chan-
ges may follow in a specific area of the acoustic center, which
may secondarily induce spontaneous activity. However, a decr-
ease in afferent acoustic signals is not essential (11, 19). For exam-
ple, in individuals with somatic tinnitus syndrome, the somatic
manipulations may stimulate a specific area of the acoustic cen-
ter. This may lead to tinnitus, which occurs regardless of hearing
ability (12). In patients without a concurrent decrease in hearing
ability, damage to the hair cells may be mild or at a very early
stage, although it may be present in peripheral sensory organs.
Biochemical changes preceding structural damage to the hair cells
may induce tinnitus (20). Noise exposure and specific pharma-
cologic agents can elevate intracellular Ca2+ concentration, result-
ing in elongation of the outer hair cells and decreases in their stiff-
ness. This may distort the relationship between the inner hair cells
and the tectorial membrane and may result in easy deflection
of the stereocilia, causing increased activity in the afferent coch-
lear nerve and resulting in tinnitus (21). In addition, the exces-
sive release of glutamate from the terminus of the internal hair
cells or hyperactivity of N-methyl-D-aspartate receptors in the
spiral ganglion can induce excessive activation of the auditory
nerve. Following recovery of hair cells from biochemical injury,
tinnitus may persist as a phantom phenomenon in the acoustic
center (22). For example, tinnitus may also persist following the
recovery of hearing ability from the transient threshold shift due
to acoustic trauma. 

In the comparison between the mean of hearing thresholds of
the tinnitus groups and the control groups at each frequency by
age-decade, we found a difference at each frequency, excluding
subjects aged >45 yr. Though there was a difference in one fre-
quency only, some tinnitus patients could have damage in any
small portion of cochlea. For those aged >45 yr, no significant
difference between the tinnitus and non-tinnitus groups at all fre-
quencies was found to have been caused by progressive age-in-
duced hearing impairments. 

We also tried to compare the characteristics of tinnitus between
tinnitus patients within the normal hearing thresholds up to ex-
tended high frequencies and patients with increased hearing thre-
sholds at extended high frequencies. However the numbers in
the samples were too small to make any meaningful conclusion.

We also attempted to measure hearing thresholds at 18 and
20 kHz. However, we noted that no reactions occurred at fre-
quencies of 18 kHz and above in normal volunteers without tin-
nitus. We could not, therefore, measure differences in individu-
als with and without tinnitus at hearing thresholds >16 kHz. Thus,
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it may be difficult to determine whether tinnitus combined with
completely intact cochlea or minimal damage without a concur-
rent decrease in hearing ability manifests or not. Even patients
with tinnitus who showed normal hearing at frequencies up to
16 kHz could not be determined to be normal at all audible fre-
quencies. We also do not know about extended low frequencies
(<250 Hz), because the tests were not conducted. This can be
considered a limitation caused by testing equipment.

In this study, decreased hearing ability was seen at ultra high-
frequencies in some patients with tinnitus who had normal hear-
ing below 8 kHz. Thus, the proportion of patients with tinnitus
who have normal hearing within the entire audible range is small-
er than in previous reports.
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