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Abstract : High-frequency audiometry has the potential to detect hearing impairment at its 

early stage. However ， several problems prevent the clinical application of high 】frequency

audiometry. In this study ， the dispersion and left 】right difference in the high-frequency 

sensitivity were investigated in normal hearing volunteers. In our results ， the difference 

between th 巴 left and right ears varied only slightly among individuals or age groups ， while 

dispersion of hearing threshold values became marked with an increase in frequency. The 

results suggest that the measurement of left-right difference in high-frequency sensitivity may 

be useful for the evaluation of unilateral impairmen t. To investigate this usefulness ， the left-

right differences were measured in the patients complaining of unilateral cochlear symptom 

with normal hearing. Considering the results of normal hearing ， we determined that abnormal 

left-right difference in high イrequ 巴ncy sensitivity was over 20 dB. In 12 patients with unilateral 

tinnitus ， 7 showed left-right differences ， and 6 had tinnitus in the ear with increased thresholds. 

Our results suggested a relationship between tinnitus with normal hearing and hearing 

impairment in the high 目fr 巴quency rang 巴.
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INTRODUCTION 

The frequency range used in routine audiometry is 125 Hz-8 kHz ， and other frequencies 

are not clinically used at presen t. However ， humans can perceive frequencies from 16 Hz to 

24 kHz as sounds 11 ， and if the sound was presented by bone conduction ， human ear can hear 

ultrasound at the frequ 巴ncy range below 100 kHz 2. 3. 4. 51. Therefore ， there are frequencies not 

measured by a conventional audiom 巴try. This is because the frequencies necessary in daily life 

have been generally considered to be present mainly in the conversation speech rang 巴 (250

Hz-2 kHz) ， and an upper limit of 4 kHz has been regarded as adequate. On the other hand ， 

previous studies have shown that a decrease in hearing due to aging or hearing impairment 

caused by ototoxic medications often starts in the high-frequency range 6. 7. 81. Therefore ， 

measurement of the hearing threshold in th 巴 high-frequency range (三 8 kHz) may be useful for 
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the early detection of these disorders. 

Despite the usefulness ， several problems prevent the clinical application of high 四frequency

audiom 巴try. One of them is that the normal s巴nsitivity in high-frequency range has not 

yet been determined. As previous studies reported ， high-frequency sensitivity is strongly 

dependent on age 91. To evaluate hearing impairment in the high 四frequency range ， it is 

necessary to consider the normal range of high-frequency sensitivity influenced by aging. 

In this study ， the accuracy of high-frequency audiometry was evaluated. The dispersion of 

hearing threshold values in the high frequency range was investigated in normal hearing 

volunteers. Furthermore ， if left-right difference of sensitivity in high-frequency range is as 

small as that of conventional frequency range ， unilateral hearing impairment may be easily 

evaluated by comparison of both ears sensitivity. In this study ， left-right difference in high 

frequency range was evaluated in normal hearing volunteers. To investigate the usefulness of 

high-frequency audiometry for the detection of unilateral impairmen t. the left-right differences 

were measured in the patients complaining of unilateral cochlear symptom with normal 

hearing. Considering the left-right difference in normal hearing volunteers ， the relationship 

between abnormalleft 凶right differenc 巴 and cochlear symptom were evaluated. 

M A  TERIALS AND METHODS 

The subjects consisted of 34 normal hearing volunteers and 15 patients aged 26-67 years who 

showed a hearing threshold of < 30 dB HL at all frequencies from 125 Hz to 8 kHz in standard 

pure 【tone audiometry. The 15 patients consisted of 10 with unilateral tinnitus ， 3 with a feeling 

of fullness in the ear ， 2 with both tinnitus and a feeling of fullness in the ear. The standard 

audiometry was performed with a conventional audiometer (AA-78 ， Rion Co. ， Tokyo ， Japan) 

The high frequency hearing thresholds were measured at 1-kHz steps from 8 to 18 kHz. As 

test sounds ， tone bursts with duration of 300 ms were presented at 2 Hz. The threshold was 

measured by a 5同dB step increment method. Stimuli were generated using a function generator 

(WF1946; NF Electronic Instruments Co. ， Yokohama ， J apan) and present 巴d using a condenser 

type headphone (SR-303; ST AX ， Miyoshi-machi ， J apan). Sound pressure was adjusted using 

a programmable attenuator (P A5; Tucker-Davis Technologies ， Gainesville ， FL ， USA). The 

headphone is calibrated with a Head and Torso Simulator (Type 4128C; Bruel & Kjar ， N ぉrum ，

Denmark). 

A t first ， dispersion of hearing threshold values in the high 悶frequency range was evaluated 

in 16 normal volunteers ag 巴d 20-29 years. A t th 巴 next step ， left-right differences in hearing 

thresholds according to age were evaluated in 9 normal volunteers aged 10 】 19 years ， 16 

aged 20 【29 years ， and 9 aged 30-39 years. The mean values were calculated ， and used for the 

evaluations. The maximum output sound pressure was 100 dB SPL ， and the sound pressure 

at the time of scale 四out was regarded as 105 dB SP L. Considering the results of left-right 

differences in normal volunteers ， the normal ranges of left-right differences were determined. 

To evaluate the usefulness of high-frequency audiometry ， the relationship between the left-

right differences and cochlear symptom in the 15 patients were investigated. 
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RESULTS 

Fig. 1 shows high-frequency sensitivities in 16 volunteers aged 20-29 years. The hearing 

threshold increased with an increase in frequency. In standard pure 目tone audiometry ， there 

were only slight individual differences. However ， in the frequency of 9-18 kHz ， dispersion of 

hearing threshold values became marked with an increase in frequency. Fig. 2 shows left-

right difference in high-frequency sensitivity according to age group. Th 巴 left-right differences 

were く 10 dB at most frequencies and were independent of age. Table J 寸shows the symptom 

of 15 patients with normal hearing and the observed over 20 dB left-right differ 巴nce in high-

frequency sensitivity. Over 20 dB left-right differences were found in 9 patients ， and-7 patients 

had the cochlear symptoms in the ear with an increased threshold. Furthermore ， in the 12 

patients with unilateral tinnitus ， abnormalleft-right differences were found in 7 patients ， and 6 

patients had unilateral tinnitus in the ear with an increased threshold. 
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Fig. 1 : High-frequency sensitivities in 16 volunteers 
(32 ears) aged 20-29 years 
Arrows indicate scale ou t. 
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Fig. 2 : Right-left differences in high 【frequency sensitivity according to age group 
Vertical bars indicate standard deviation 
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Patiellt Age Sex Sylllptom Left-right differellce (:<: 20 dB) ill high-frequellcy 

SellS1 t1 vrty 

1 26 F L tumitus 25 司30 dB di 宜erellce at 13-15 kH z (L > R) 
2 30 M L tilllu t1 1S 25 dB differellce.at 14/15 kHz (L > R) 
3 43 F L tilll lI加日 Nodi 宜巴rellce
4 47 F L 担lllutus 40-55 dB differellce at 10-12 kHz (R > L) 
5 48 M L tim lIt1 1s 20 問40 dB diffi 紅白llce at 9-12 kHz (L > R) 
6 50 F R tU ll1 itus 20 dB differellce at 11 kHz (R> L) 
7 52 M L tim lI tlls 25 dB di 質問nce at 12 kHz (L 弓R)
8 54 F L ti 111l it1 1S No differellce 
9 60 F R tiJm it1 1S N 0 difference 
10 64 F L tim lI tlls 20 dB difference at 11 kHz (L > R) 
11 65 F L ti1ll1 itllS+ Flllhless No difference 
12 67 F L ti1ll1 it1 1S+ Fulilless No difference 
13 48 F LFulhles 日 25-dB difference at 11 kHz (L > R) 
14 49 F L Fll l1 lleSS 25 -dB difference at 9 kHz (R > L) 
15 66 F LFullness No difference 

Table 1 : Characteristics of 15 patients and left-right differences in high.frequency sensitivity 

DISCUSSION 

Based on the results of this study. the normal range of the hearing threshold appears to b巴

di 血cult to determine and cannot be a parameter for sensitive early diagnosis. However. the 

difference between the left and right ears was < 15 dB independent of frequency and age. 

Therefore. the evaluation of the left-right di 妊erence may allow the early detection of unilateral 

hearing impairment 

Considering our results. we determined that the normal range of the left-right differences 

is ~ 15 dB and an ov 巴r 20 dB left-right difference is abnorma l. In the 15 patients. 9 showed a 

left-right difference of 三20 dB in the hearing threshold in the high-frequency range. In the 

12 patients with unilateral tinnitus. 7 showed a left.right difference in the hearing threshold 

in the high 】frequency range. and 6 had tinnitus in the ear with an increased threshold. that 

is. abnormal threshold shifts at the high-frequency range were frequently observed at the 

ipsilateral ear. Thus. these results suggested a relationship between tinnitus with normal 

hearing and hearing impairment in the high-frequency range 

Contrary to our results. Barnea et al. lO ) reported that high 目frequency audiometry showed 

no significant differences between the subjects with and without tinnitus. However. a large 

individual difference was found in high-frequency sensitivity. which indicates the difficulty in 

detecting small hearing threshold shifts in high-frequency range. In this study. abnormal high 凶

frequency sensitivity was determined by the left-right difference. Our method may support 

the finer detection of threshold shifts in high 】frequency sensitivity. Therefore. a relationship 

between tinnitus and abnormal high-frequency sensitivity was found in our results. 

Table 2 shows the pitch and loudness in 8 tinnitus patients. The upper 4 patients had 

abnormal high-frequency sensitivity at tinnitus ear. and the lower 4 had no left-right difference. 

For 2 of the 4 patients with tinnitus in the ipsilateral ear. the pitch was 10 kHz. ranging at high 

frequency. On the other hand. for 3 of the 4 patients without left-right difference. the pitch was 
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under 0.5 kHz. Although the number of subject is small. it is therefore supposed that low pitch 

tinnitus is independent of high frequency sensitivity. If the subjects are specified in patients 

with high pitch tinnitus ， the relationship between left-right difference in high-frequency 

sensitivity and tinnitus may be emphasized 

Patient Symptom 

2 Ltimutus 

5 Ltilmitus 

6 R tiI mitus 

7 L tiIll1 itu 日

3 L t1 mutus 

4 L tinnitus 

8 L t1n nitus 

9 R timutus 

Pitch ， Loudness at pitch frequ 巴ncy

250 Hz， 35 dB/500 Hz ， 40dBI 4 kHz ， 30 dB 

125 Hz ラ30 同40 dB/I0 kHz ， 45 dB 

6kHz ， 22dB 

10 kHz， 35 dB 

250 Hz， 56 dB/500 Hz ， 52 dB 

4 kHz ， 22 dBI 6 kHz ， 26 dB 

125 Hz ラ35 dB 

250 Hz， 40 dB Table 2 : Pitch and loudness in 8 
tinnitus patients 

High-frequency audiometry may be useful for evaluating hearing impairment that could not 

be detected by conventional audiometry. Although the assessment of bilateral impairment is 

difficult at present ， evaluation of unilateral impairment may be easy by comparison with the 

normal side. At present ， to diagnosis a bilateral hearing impairment in the high 】frequency

range at its early stage ， it is necessary to follow up high frequency sensitivity and detect an 

increase in thresholds. 

CONCLUSIONS 

High-frequency audiometry that allows examination of hearing function not evaluated by 

standard pure 】tone audiometry ， may allow a mor 巴 detail 巴d assessment of hearing. However ， 

clinically ， the hearing threshold in the high-frequency range markedly varies among 

individuals ， and th 巴 evaluation of mild impairment appeared to be di 血cul t. On the other hand ， 

the difference between th 巴 left and right ears varied only slightly among individuals or age 

groups. Therefore ， at least ， high 目frequency audiometry may be useful for evaluating unilateral 

lmpairment 
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