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There was no significant difference (p = 0.292; Mann­
Whitney U-test) in averaged hearing level between 
patients with (mean: 40.8 dB SL, SD: 15.9) and without 
(mean: 45 .7dBSL, SD: 15.3) improved word perception . 
The averaged hearing level was calculated from the 
following equation: Averaged hearing level = threshold 
of (500Hz + 1000Hz + 1000Hz + 2000Hz)/4. No 

significant correlation between averaged hearing level 
at each SIN ratio and total errors before treatment was 
observed. The correlation coefficients, r2, are 0.006, 
0.204, and 0.076 at the SIN ratio of 0, 5, 10 dB SPL, 
respectively. Figure 3 is a representative example 
obtained at the SIN ratio of OdB SPL. 
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Fig. 3. Correlation between averaged hearing level and total errors at the SIN ratio of 0 dBSPL. 
No significant correlation between averaged hearing level and total errors. This figure is an example 
at the SIN ratio of 0 dBSPL. Averaged hearing level = threshold of 500 Hz + 1000 Hz + 1000 Hz 
+ 2000 Hz divided by four. 
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Fig. 4. Improvement obtained from the second segment as representative data. The abscissa 
shows patient number and the ordinate improved word in number in each patient. A square 
shows the minimum digit which exceeds the mean and two standard deviations from apparent 
improvement. The symbol * means that ears tested were the same as ears treated. 
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Figure 4 shows an improvement obtained from the se­
cond segment. The abscissa shows patient number and 
the ordinate improved word in number in each patient. A 
square shows the minimum digit which exceeds the mean 
and 2 standard deviations from apparent improvement. 
The symbol * means that ears tested were the same as 

ears treated. At the second segment 17 patients were 
defined to be improved in word perception according to 
the prior criteria. A significant improvement was observed 
in 16 patients at the first segment, 13 at the third segment, 
and 17 at the fourth segment, as shown in Figure 5. 
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Fig. 5. Improvement in number at each segment. A significant improvement was observed in 16 
patients at the first segment, l7 at the second segment, 13 at the third segment, and l7 at the 
fourth segment. The smallest number was observed at the third segment. Closed bars show that 
improved word perception was observed at ears opposite to ears treated. Open bars show that 
ears tested were the same as ears treated. 
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Fig. 6. Improvement following treatment versus total errors before treatment. No significant 
correlation between improvement following treatment and total errors before treatment was observed. 
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Open bars show that improved word perception was 
observed at ears opposite to ears treated. Closed bars show 
that ears tested were the same as ears treated. We easily 
found that improvement occurred at both treated and 
untreated ears. 
The smallest number was observed at the third segment. 
Comparing the number of improvement in all with total 
errors before treatment, we found no correlation between 
them (Figure 6). 
Figure 7 shows how many segments each patient 
improved. 
Improved word perception was observed in totally 29 
patients according to the prior criteria. Improved word 
perception was observed in 13 patients at one segment, 
2 patients at two segments, 9 patients at three segments 
and 5 patients at four segments. Open bars show that 
improved word perception was observed in ears opposite 
to ears treated. Closed bars show that ears tested were 
the same as ears treated. We easily found that improve­
ment occurred at both treated and untreated ears. 
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DISCUSSION 

There are few papers which focus on the effects of tinnitus 
on word perception. Word perception is one of the affects 
of tinnitus. Many psychological assessments for the affect 
component have been performed in patients. 1 Goldstein 
and Shulman3 identified that tinnitus affects specific 
components of the auditory pathway using central speech 
tests such as the monaural low pass filtered test and the 
competing sentence test. Although they could not suggest 
how tinnitus disturbed language analysis, their paper 
addressed disturbed central speech testing in tinnitus 
patients. They also suggested that the central auditory 
tests have provided a basis for the selection of treatment 
and control methods of tinnitus with an increased efficacy. 
Our finding of close relationships between tinnitus relief 
and improvement of word perception support their 
conclusion. 

2 3 4 
Improved segment in number 
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Fig. 7. Improved segment in number of each patient. Improved word perception was observed 
in 29 patients according to the prior criteria. Improved word perception was observed in 13 
patients at one segment, two patients at two segments, nine patients at three segments and five 
patients at four segments. Open bars show that improved word perception was observed in ears 
opposite to ears treated. Closed bars show that ears tested were the same as ears treated. We 
easily found that improvement occurred at both treated and untreated ears. 
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Sensorineural hearing loss is not believed to be improved 
except for the acute stage of hearing loss because 
damaged hair cells regenerate in mammals. We should, 
however, focus more on the central auditory processing 
to identify the mechanisms of improved word perception 
following electrical stimulation of the ear. We should 
recall that language is analyzed with regard to such 
mechanisms as attention, cognitive processing and 
memory.8 
Of these mechanisms, this study was designed to focus 
on selective attention. Selective attention may include 
divided attention, as in dichotic listening tasks when more 
than one input may provide relevant information; and 
focused attention, as in message tasks where the subject 
is able to ignore irrelevant information. Individuals can 
communicate with each other in the presence of 
circumferential noises at a party, i.e. "the cocktail party 
effect". This occurs partly because selective focused 
attention can make a person pick up what they want to 
listen to even in the presence of noises. 
This study has demonstrated that auditory selective 
attention in tinnitus patients was disturbed according to 
the competing task test and improved selective attention 
following electrical stimulation of the ear may be related 
with improved word perception. Unlike this study, 
Jacobson showed that auditory selective attention in 
subjects with bothersome tinnitus may be stronger than 
in normal subjects.9 However, as mentioned in the 
introduction of this paper, the clinical findings that 
tinnitus patients sometimes complain of a so-called 
"interference effect" of tinnitus on communication could 
not be demonstrated in the results of Jacobson's 
electrophysiological study.9 When bothersome tinnitus 
chronically annoyes patients, it may induce a lack of 
concentration. I Concentration may be a type of focused 
attention, i.e. bothersome tinnitus may induce disturbed 
selective attention. 
Comparison of the auditory evoked magnetic field 
response in tinnitus patients before and just after electrical 
treatment revealed an increase in the amplitudes of 
P2INI, especially P2, in patients suffering from unilate­
ral tinnitus. lO Consideration of results of the present 
study and our magnetic field response study, suggest that 
the improvement in auditory selective attention was 
related to the patient reports of tinnitus relief and 
improved word perception. It is to be mentioned that the 
task for evoking the magnetic field response was much 
easier in our study than in the Jacobson study. However, 
electrophysiology studies are necessary to establish the 
relationship between tinnitus relief and auditory selective 
attention in the same way as was performed by Jacobson 
et al. 
Hoke et al. are the first to measure the auditory evoked 
magnetic field response in tinnitus patients. 1 1 They 
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reported in a longer follow-up study of tinnitus patients 
that the P2 response was augmented when tinnitus 
disappeared. Our findings are similar to Hoke's finding. 
Jacobson et al,I2 however, could not reproduce Hoke's 
finding. One of the differences between the Hoke study 
and our own is the time when the auditory evoked 
magnetic field response was measured. We compared the 
auditory evoked magnetic field response before and just 
after electrical treatment. In Hoke's study factors other 
than tinnitus relief could not be excluded, because the 
intervals of the two measurements were quite longer than 
ours. 
Tinnitus relief by electrical stimulation may be related 
to Shulman's comment 13 that tinnitus may be masked 
secondary to improvement of hearing. The present study 
supports a close relationship between tinnitus relief and 
improved word perception. The masking effect of tinnitus 
would disturb word perception. Our previous study, 
however, showed that improved word perception 
following electrical stimulation was observed in the 
hearing-impaired even without tinnitus'? 
This finding is considered to support the observation that 
electrical stimulation of the ear may produce improved 
word perception. Therefore, improved word perception 
may be related not only to tinnitus relief but also improved 
auditory selective attention. 
Nowadays a new hypothesis for generation of tinnitus 
has been proposed by Shulman.2 There may exist a final 
common pathway for the transition of the sensory to the 
affect component of the symptom of tinnitus, meaning 
that there are close relationships between the sensory and 
affect components of tinnitus. It is known that electrical 
stimulation of the auditory nerve relieves tinnitus (sensory 
component). 1 4 

In addition to the direct effect of electrical stimulation 
on tinnitus (sensory component), we have demonstrated 
that electrical stimulation of the ear induced an increase 
in the parasympathetic tone (affect component) with 
accompanying tinnitus relief,I5 of a degree significant 
to eventually induce temporary sleep.6 The effect of our 
method on the autonomic nervous system and sleep 
suggests that electrical stimulation of the ear is a kind of 
relaxation therapy. After relaxation, the patient's attention 
improved. Hearing-impaireds experienced improved 
word perception. Emotions and moods, i.e. affects of 
tinnitus, actually may be important for the development 
of attention to incoming stimuli. 16 Therefore, improve­
ment in emotions and moods, i.e. affect components, 
following electrical stimulation of the ear, could produce 
better auditory selective attention in patients, inducing 
improved word perception (affect component) and 
tinnitus relief (sensory component). In other words direct 
effects of electrical stimulation of the auditory system 
may produce tinnitus relief and improved word 
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perception by other unknown mechanisms and/or 
improvement in the affect components. 
We still have to perform many studies on selective 
attention in tinnitus patients. Such studies will lead us 
further to understand the mechanisms of tinnitus 
production and the functions of the central auditory 
system. 

CONCLUSIONS 

1. Close relationships have been demonstrated between 
tinnitus relief and improvement in word perception with 
electrical stimulation. 
2. Electrical stimulation of the ear resulted in improved 
selective attention in the tinnitus patient. 
3. Improved word perception may be related to both 
tinnitus relief and improved auditory selective attention. 
4. Improved word perception in both treated and untreated 
ears in most patients reporting tinnitus relief, could 
support the speculation that improvement occurred within 
the central auditory system. 
5. Comparing the number of improvement with total 
errors before treatment, we found no correlation between 
them. There was no significant difference in averaged 
hearing level between patients with and without improved 
word perception. 
6. Improved word perception may be related to both 
tinnitus releaf and improved auditory selective attention. 
7. Electrical stimulation of the ear in tinnitus patients 
resulted in improvement in sleep and can be considered 
a form of relaxation therapy. 
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