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Fig. 1. Schedule of the experiment procedures.

hypothesis that continuous consumption of hydrogen water could
attenuate noise-induced TTS in guinea pigs.

Thirty-four male Hartley guinea pigs weighing 250-300 g were
used. Since sex differences have been associated with differing
ability to detoxify ROS [13], only male guinea pigs were used.
One day after arrival, their hearing was confirmed to be within
the normal range (within one standard deviation of the norma-
tive laboratory baseline) with auditory brainstem response {ABR)
or distortion product otoacoustic emissions (DPOAEs) measure-
ments (Fig. 1). After the first baseline hearing tests, animals were
randomly divided into normal water-treated and hydrogen water-
treated experimental groups (n=17 in each group). Treatment and
control solutions were administered orally with unlimited access
starting 14 days before noise exposure. Each day, supersaturated
hydrogen water (Blue Mercury, Tokyo, Japan) was placed in a closed
glass vessel, which minimizes the leakage of hydrogen from the
water and maintains the concentration to be greater than 0.4 mM
one day later [24]. Weight gains and amounts of water consumed
were measured daily. This study was reviewed and approved by
the Committee for Ethics in Animal Experiments of the University
of Tokyo and carried out under Japanese law and the Guidelines for
Animal Experiments of the University of Tokyo.
~ Fourteen days after starting, either normal or hydrogen water
treatments, the animals were subjected to a 3-h noise exposure
(115dB SPL, 4kHz octave band noise) generated within a single-
walled, sound-deadened chamber as previously reported [28]. Two
separately caged animals were tested simultaneously and allowed
to move freely during exposure. The sound chamber was fitted with
speakers driven by a noise generator and power amplifier. A 0.5-in.
Bruel and Kjaer condenser microphone and a Fast Fourier Trans-
form analyzer were used to measure and calibrate the sound level at
various locations within the chamber to ensure stimulus uniformity
within +1 dB.

To assess the effect of hydrogen water on TTS, 24 animals (n=12
in each group) were subjected to ABR measurements immediately
and at 1, 3, 7, and 14 days after noise exposure. The method of
ABR measurement has been described previously [15]. In brief, ani-
mals were anesthetized intramuscularly with a mixture of xylazine
hydrochloride (10 mg/kg) and ketamnine hydrochloride (40 mg/kg),
and needle electrodes were placed subcutaneously at the vertex

(active electrode), beneath the pinna of the measured ear (reference
electrode), and beneath the opposite ear (ground). The stimulus
duration was 15 ms; the presentation rate, 11/s; the rise/fall time,
1ms; and the frequencies, 2, 4, 8, and 16kHz. Responses of 1024
sweeps were averaged at each intensity level. The'sound intensity
was varied in 5dB intervals at the intensities close to the thresh-
old, which was defined as the lowest intensity level that produced
a clear reproducible waveform peak 3 or 4. In general, amplitude

_ at threshold was approximately 0.1 pV.

Ten animals (n=5 in each group) underwent DPOAE mea-

" surement immediately and at 1, 3, 7, and 14 days after noise

exposure with an acoustic probe using the DP2000 DPOAE mea-
surement system version 3.0 (Starkey Laboratory, Eden Prairie, MN)
as described previously [20]. DP-grams comprised 2f1-f2 DPOAE
amplitudes as a function of 2, The stimulus paradigm used for
DPOAE input/output (I/0) growth function is constructed as fol-
lows [10]: two primary tones with a frequency ratio, £2/f1, of 1.2
were presented, with f2 in one-sixth-octave steps from 1 to 16 kHz.
At each frequency pair, primary levels of L2 were incremented in
5 dB steps from 40 to 70 dB SPL with an L1-L2 value of 10 dB. DPOAE
was defined to be present when its level exceeded that of the nmse
floor by 3 dB.

The overall effects of the hydrogen treatment were examined
using a two-way factorial analysis of variance with Bonferroni post-
tests (SPSS software). p values of less than 0.05 were considered
to be statistically significant. Values are expressed as the mean
(standard deviation).

Weight gain and the amount of water consumed were not
statistically different between the 2 groups (data not shiown).
Chronological alterations in the ABR threshold shifts at 2, 4, 8, and
16kHz before and after noise exposure with the application of
hydrogen-rich or normal water are shown in Fig. 2. ABR thresholds
before noise exposure were essentially equivalent between the
2 groups. In normal water-treated controls, ABR thresholds were
moderately increased by approximately 45dB at all frequencies
immediately after noise exposure. Subsequently the ABR thresh-
olds showed gradual recovery, returning to pre-exposure baseline
thresholds 14 days later, indicating that the noise exposure induced
TTS. Hydrogen-treated animals showed similar but smaller ABR
threshold shifts after noise exposure, as compared to the controls.
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Fig. 2. Thresholds of auditory brainstem response (mean+5.D.) measured before, inunediately after noise exposure and post-noise 1st day, 3rd days, 7th days, 14th days in
normal water-treated controls and hydrogen-treated animals (n=12'in each group). There is a statistical significance at all frequencies (two-way ANOVA) and post-noise 1st
day for 2kHz, 3rd day and 14th day for 4 kHz with Bonferroni post-tests (**p<0.01, *p<0.05). '

The overall effect of hydrogen significantly attenuated the TTS
across the measurement period for ail the tested frequencies
(p<0.05). Compared to the controls, the hydrogen-treated animals
showed significantly smaller ABR thresholds at 2 kHz on day 1 day
after noise exposure (p<0.01) and at 4kHz on day 3 and 14 after
noise exposure (p<0.05). :

Fig. 3 shows the mean DPOAE input/output (I/O) growth func-
tions at 16kHz before and immediately, 1, 3, 7, and 14 days after
noise exposure. There was no statistically significant difference
between the 2 groups considering the amplitude of DPOAE/O func-
tion. Both the groups showed a severe decrease in DPOAE amplitude
immediately after noise exposure. Compared to the controls, the
hydrogen-treated animals showed greater amplitudes during the
recovery process. The overall effect of hydrogen water applica-
tion was statistically significant 3 and 7 days after noise exposure
(p<0.01), although both groups exhibited almost normal IO func-
tion 14 days after noise exposure.

The present study showed that hydrogen attenuated noise-
induced TTS and accelerated the recovery of DPOAE. It is likely
that hydrogen facilitates the recovery of hearing function because
of its anmtioxidant property [1]. A previous in vitro study has
also demonstrated the potential of hydrogen to protect both
the inner hair cells and outer hair cells from oxidant damage
induced by different concentrations of antimycin A [16]. Incu-
bation with a hydrogen-saturated medium significantly reduced
ROS generation and subsequent lipid peroxidation in the auditory
epithelia, leading to increased survival of hair cells. Hydrogen selec-
tively alleviates hydroxyl radicals (*OH) and peroxynitrite radical
(ONOO~)-induced cytotoxicity without affecting other ROS, such
as superoxide (0,*~), hydrogen peroxide (H,0,), or nitric oxide
(NO-) [23]. Thus, it is unlikely that hydrogen disturbs metabolic
oxidation—reduction reactions or disrupts ROS involved in cell sig-
naling. This characteristic of hydrogen is advantageous in medical
treatments because the use of hydrogen should not cause serious
unwanted side effects.

In the current study, we did not examine the morphological
changes in the cochlea because the abnormalities in ABR and DPOAE

measurements were minimal 14 days after noise exposure. The
physiological findings, however, suggest that the noise level used
in the current study induced only subtle morphological changes
such as bleb formation, but not severe degeneration such as apop-
tosis of the outer hair cells. No significant permanent morphological
changes have been shown in the hair cells in previous studies
using a similar protocol of noise exposure [22]. In contrast, it has
been shown that in guinea pigs, the afferent dendrites beneath
the inner hair cells become swollen immediately after exposure
to similar noise causing TTS [28]. Kujawa and Liberman [17] have
reported that acoustic overexposures causing moderate, but com-
pletely reversible threshold elevation leave cochlear sensory cells
intact but cause acute loss of the afferent nerve terminals and
delayed degeneration of the cochlear nerve in mice. Although the
difference of ABR thresholds immediately after noise was small
between hydrogen-treated animals and controls, therefore, it is
considered intriguing to examine if hydrogen attenuates such acute
and chronic changes of the neural elements.

The efficacy of any single antioxidant may be limited by several
factors, including limited access to cellular compartiments, action
against only a few forms of ROS, interference with redox-based
signaling, or a tendency to throw innate ROS protections out of
balance [22]. Thus, despite its mild effect, molecular hydrogen is
still an optimal choice. It reacts only with the strongest oxidants.
Besides, it can penetrate biological membranes by gaseous rapid
diffusion and target organelles like the mitochondria and nucleus,
which makes it highly effective for reducing cytotoxic radicals. This
unique feature of molecular hydrogen is especially favorable for
drug delivery to the inner ear compared to other antioxidants,
because the blood-labyrinthine barrier blocks many therapeutic
compounds and does not allow them to reach cochlear hair cells.

The present study shows that hydrogen can promote hearing
recovery from acoustic trauma-induced TTS and can attenuate TTS.
This improvement likely reflects hydrogen’s scavenging of detri-
mental ROS. Since hydrogen has already been used in humans
clinically to treat decompression sickness in divers with few or no
side effects, our findings reinforce the potential clinical utility of
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Fig. 3. Mean DPOAE input-output function at different time points at f2=16kHz in normal water-treated controls and hydregen-rich water-treated animals {(n=5 in each

group). There is a statistical significance on post-noeise days 3 and 7 days. *p<0.05.

hydrogen as an adjuvant agent for noise-induced hearing loss in
humans.

Acknowledgments

This work was supported by a Grant from the Ministry of Edu-
cation, Culture, Sports, Science and Technology in Japan awarded
to T. Yamasoba. We thank Dr. Y. Kikkawa for valuable advice, Dr.
Y. Noguchi of Tokyo Medical and Dental University for DPOAE
measurement, and Mr. Y. Mori and Ms. A. Tsuyuzaki for technical
assistance.

References

{1} J.H. Abraini, M.C. Gardette-Chauffour, E. Martinez, J.C. Rostain, C. Lemaire, Psy-
chophysiological reactions in humans during an open sea dive to 500mwith a
hydrogen-helium-oxygen mixture, J. Appl. Physiol. 76 (1994) 1113-1118.

[2] B.M. Buchholz, D J. Kaczorowski, R. Sugimoto, R. Yang, Y. Wang, T.R. Billiar, K.R.
McCurry, AJ. Bauer, A, Nakao, Hydrogen inhalation ameliorates oxidative stress
in fransplantation induced intestinal graft injury, Am. J. Transplant. 8 (2008)
2015-2024.

[3] J. Cai, Z. Kang, K. Liu, W. Liy, R. Li, ] H. Zhang, X. Luo, X. Sun, Neuroprotective
effects of hydrogen saline in neonatal hypoxia-ischemia rat model, Brain Res.
1256 (2008) 129-137.

[4] }. Cai, Z. Kang, W.W. Liu, X. Luo, S. Qiang, J.H. Zhang, S. Ohta, X. Sun, W. Xu, H.
Tao, R. Li, Hydrogen therapy reduces apoptosis in neonatal hypoxxa—tscherma
rat model, Neurosci. Lett. 441 (2008) 167-172.

[5] }S. Cardinal, J. Zhan, Y. Wang, R. Sugimoto, A. Tsung, KR. McCurry, T.R. Billiar,
A. Nakao, Oral hydrogen water prevents chronic allograft nephropathy in rats,
Kidney Int. 77 (2009) 161-108.

[6] H. Chen, Y.P. Sun, Y. Li, WW. Liy, H.G. Xiang, L.Y: Fan, Q. Sun, XY. Xu, ].M. Cai,
C.P. Ruan, N. Su, RL Yan, X]. Sun, Q. Wang, Hydrogen-rich saline ameliorates
the severity of L-arginine-induced acute pancreatitis in rats, Biochem. Biophys.
Res. Commun. 393 (2010) 308-313. -

[7] Y. Fu, M. Ito, Y. Fujita, M. Ito, M. Ichihara, A. Masuda, Y. Suzuki, S. Maesawa, Y.
Kajita, M. Hirayama, I. Ohsawa, S. Olita, K. Ohno, Molecular hydrogen is protec-
tive against 6-hydroxydopainine-induced nigrostriatal degeneration in a rat
model of Parkinson’s disease, Neurosci. Lett. 453 {2009) 81-85.

{8} K. Fujita, T. Seike, N. Yutsude, M. Ohno, H. Yamada, H. Yamaguchi, K, Sakumi,
Y. Yamakawa, M.A. Kido, A. Takaki, T. Katafachi, Y. Tanaka, Y. Nakabeppu,
M. Noda, Hydrogen in drinking water reduces dopaminergic neuronal lass
in the 1-methyl-4-phenyi-1,2,3,6-tetrahydropyridine mouse model of Parkin-
son’s disease, PLoS One 4 (2009) e7247.

{9] K. Fukuda, S. Asoh, M. Ishikawa, Y. Yamamoto, . Ohsawa, S. Ohta, Inhalation
of hydrogen gas suppresses hepatic injury caused by ischemia/reperfusion
through reducing oxidative stress, Biochem. Biophys. Res. Commun. 361 (2007)
670-674.

[10] D.D. Gehr, T. Janssen, C.E. Michaelis, K. Deingruber, K. Lamm, Middle ear and
cochlear disorders result in different DPOAE growth behaviour: implications
for the differentiation of sound conductive and cochlear hearing loss, Hear.
Res. 193 (2004) 9-18.

[11] K. Hayashida, M. Sano, I. Ohisawa, K. Shimmura, K. Tamaki, K. Kimura, }. Endo, T.
Katayama, A. Kawamura, S. Kohsaka, S. Makine, S. Ohta, S. Ogawa, K. Fukuda,
Inhalation of hydrogen gas reduces infarct size in the rat model of myocar-
dial ischemia-reperfusion injury, Biochem. Biophys. Res. Commun. 373 (2008)
30-35.

[12] D. Henderson, E.C. Bielefeld, K.C. Harris, B.H. Hu, The role of oxidative stress in
noise-induced hearing loss, Ear Hear. 27 (2006) 1~19.

[13] RH. Julicher, L. Sterrenberg, G.R. Haenen, A. Bast, J. Noordhoek, Sex differ-
ences in the cellular defense system against free radicals from oxygen or drug
metabolites in rat, Arch. Toxicol. 56 (1984) 83-86.

[14] S. Kajiyama, G. Hasegawa, M. Asano, H. Hosoda, M. Fukui, N. Nakamura, J.
Kitawaki, S. Imai, K. Nakano, M. Ohta, T. Adachi, H. Obayashi, T. Yoshikawa, Sup-
plementation of hydrogen-rich water improves lipid and glucose metabaolism
in patients with type 2 diabetes or impaired glucose tolerance, Nutr. Res. 28
(2008) 137-143.

[15] A. Kashio, T. Sakamoto, K. Suzukawa, S. Asoh, S. Ohta, T. Yamasoba, A protein
derived from the fusion of TAT peptide and FNK, a Bd-x(L) derivative, prevents
cochlear hair cell death from aminoglycoside ototoxicity in vivo, J. Neurosei.
Res. 85 (2007) 1403-1412.

[16] Y.S. Kikkawa, T. Nakagawa, R.T. Horie, |. Ito, Hydrogen protects auditory hair
cells from free radicals, Neuroreport 20 {2009) 689-694.

[17] 5.G. Kujawa, M.C. Liberman, Adding insult to injury: cachlear nerve degen-
eration after “temporary” noise-induced hearing loss, |. Neurosci. 29 (2009)
14077~14085.

{18] K. Nagata, N. Nakashima-Kamimura, T. Mikami, 1. Ohsawa, S. Ohta, Con-
sumption of molecular hydrogen prevents the stress-induced impairments in
hippocampus-dependent learning tasks during chronic physical restraint in
mice, Neurapsychopharmacology 34 (2009) 501-508.

[18] N.Nakashima-Kamimura, T. Mori, I. Olisawa, S. Asoh, S. Ohta, Molecular hydro-
gen alleviates nephirotoxicity induced by an anti-cancer drug cisplatin without
compromising anti-tumor activity in mice, Cancer Chemother. Pharmacol. 64
(2009) 753-761.

[20] Y. Noguchi, K. Kurima, T. Makishima, M.H. de Angelis, H. Fuchs, G. Frolenkov, K.
Kitamura, AJ. Griffith, Multiple quantitative trait loci modify cochlear hair cell
degeneration in the Beethoven (Tmc1Bth) mouse model of progressive hearing
loss DFNA3G, Genetics 173 (2006) 2111-2118.

[21] H. Oharazawa, T. Igarashi, T. Yoketa, H. Fuijii, H. Suzuki, M. Machide, H. Taka-
hashi, S. Ohta, I. Ohsawa, Protection of the retina by rapid diffusion of hydrogen:
administration of hydrogen-loaded eye drops in retinal ischemia-reperfusion
injury, Invest. Ophthalmol. Vis. Sci. 51 {2010) 487-492.



16 ‘ ' Y. Lin.et al. / Neuroscience Letters 487 (2011) 12-16

{22} KK. Ohlemiller, Recent findings and emerging questions in cochlear noise |

injury, Hear. Res. 245 (2008) 5-17.

[23} 1 Ohsawa, M. Ishikawa, K. Takahashi, M. Watanabe, K. Nishimaki, K. Yamagata,

K. Katsura, Y. Katayama, S. Asoh, S. Ohta, Hydrogen acts as a therapeutic antiox-
idant by selectively reducing cytotoxic oxygen radicals, Nat. Med. 13 {2007)
688--694.

[24] 1 Ohsawa, K. Nishimaki, K. Yamagata, M. Ishikawa, S. Ohta, Consumption of
hydrogen water prevents atherosclerosis in apolipoprotein E knockout miice,
Biochem. Biophys. Res. Commun. 377 (2008) 1185-1198.

[25] Y. Sato, S. Kajiyama, A. Amano, Y. Kondo, T. Sasaki, S. Hauda, R. Takahashi, M.
Fukui, G. Hasegawa, N. Nakamura, H. Fujinawa, T. Mori, M. Olita, H. Obayashi, N.
Maruyama, A. Ishigami, Hydrogen-rich puré ‘water preverts superoxide forma-
tion in brain slices of vitamin C-depleted SMP30/GNL kitockout mice, Biochem.
Biophys. Res. Comnmui. 375 (2008) 346-350.

[26] K. Xie, Y. Yu, Y. Pei, L. Hou, S. Chen, L Xiong, G. Wang, Protective effects of
hydrogen gas on murine polymicrobial sepsis via reducing oxidative stress and
HMGB1 release, Shock 34 (2010) 90-97.

[27] K. Xie, Y. Yu, Z. Zhang, W. Liy, Y. Pei, L. Xiong, L. Hou, G. Wang, Hydrogen
gas improves survival rate and organ damage in zymosan-induced generalized
inflammmation model, Shock (2010), doi:10.1097/SHK.0b013e3181def9aa.

[28] T. Yamasaba, A. Pourbakht, T. Sakamoto, M. Suzuki, Ehselen prevents noise-
induced excitotoxicity and temporary threshold shift, Neurosci. Lett. 380
(2005) 234-238.

[29} X.Zheng,Y.Mao,]. Cai, Y. Li, W. Liu, P. Sun, J.H. Zhang, X. Sun, H. Yuan, Hydrogen-
ricl saline protects against intestinal ischemia/reperfusion injury in rats, Free
Radic. Res. 43 (2009) 478-484. N



Audiology Japan 54, 649~664, 2011

7Ly Y2 Sl B D M PR 2 Y ] R
[BHICBIT 5 AN

e 2
WRARFERER RHRUER SRR BREESRERE FREREH 2

EE  AYREECIREHMRER - RUAZBESEEZTHY, FERBEEA Y-V F 2k
ATH) ZLURELBENDHDPERFIEL Ve A2 Y —= V7 RHATHI R EIT S
BEHCIIMADPBNLIEMIC S 5, SEHEEOATLZBEFSPEERBE T RYR
R-BHAAPEETHY, BREIWLBEREII 2=~ a VIZEBR XL, B
HE, EH HEUORERLIEENE LD, BHEDECBREH L ETFHEINLIEE
HEOFHFITIII 2= —T 3 VE- FOBREBFICANLHESRD SN, EFEA
THEMSERBEEZZONASAICIRERLPICATABEER 2 &M & T 5 EEERICEBN
THIEPERETH S, MRICBIT 2 ATHNEOMEEEITFAER, BHEORR, &
BEEOFE, 23220 —-2avE—-FR L ORTHFEET S, FABEGHREIZ
INSDERFEEDERTRESCORFHFHY, ZHMEICL D F—2EFRTOREHIER
HoND, AGHEHEORK EOBMIIBEDALLTREZINELL, Z0RENE
Wch72bE L5473 v 2 ZRBENERERZELETH S, BIBRE—2Z LoTHBEL
BHMENROON, BOEFEORERREZED - A2 BET L ITEEEREZT TR
CEEREFRLOHZOMBDILETH 5. BULEHOBN 2 U RONROEEICE
Byl BICECTHERICH 2 2 LHETH S,

—% R
FAERBER 7 ) -2V, MR ATWH, EEEE

BB

YR OBEREIIN T 2BFEICBT2HERS
BZHEY, BIZITHERROEN, TEMLZZE
7B OEN, DHBOWNEOENREY, TE
P RBEORRE EFBITON 5, AP ROEERE
EVFBECHIE SNBSS, I32=r—Ya v
WEXEE &L, SEEEFSEL, BEHEl
BEDHENFELS B, FRIEETHIITLE
H%E CICENDIPNE I D%V, B - hEED
BEUSEREOENIZIY 2BUBIIRAE ST
THPETORBYT IBRUBICR I LITLIE
Rohd,

HEFEROENIFEREEA I Y —=v
(newborn hearing screening : NHS) ¥R L7274
D YBPLLTETWEA, NHS DRfTHEBL X
VZ0BOMBIIIBRED S, WERKRESR
METH L, BEOBRESLDHICBIT S HEMICD
WTIREEIZRIPER I T 5 2, BHED
RIERLZE E 3B OB EOBOBRBITE
BV5HEEHIFTHLRL, #REOBRRLERD
THLERPEETH S, BEEEIZOVWTL, &
YEREREUS (auditory brainstem response : ABR),
BE 4 £ % K & (auditory steady—state response :
ASSR), EHHEEHET (otoacoustic emissions : OAE)
e EOMERREDIZ D, FEICS U THERTEHX



650 Audiology Japan 54, 2011

it B8 0 #t & (behavioral observation audiometry :
BOA), S NISIETI#E (conditioned orienta-
tion response audiometry : COR), BEE/IHRAE%
THITEHNEETHY, PHBEIEHOMAHEE

(hearing aid : HA) 3T T EEL 2 5,

RS IR OBREDORR -t I EEE R O JEEL
BE, SR IOREIIREIEE TS, LELENS
18 % OIEBNXT T 2 BARRY 231D W TG
BLTWA HRIFEREMASZ < 2VWHRICH 5,
NHS # ALHE (cochlear implant: CI) DEA DL
BiLZ, ERIENEREA - BEREM CHEODITE
%Ltﬁ%ﬁ@% R HA fRE 2 IR OFEF RIS
T B EHD (—EBOHIBZ BV T) BESRT
LE G0 H 5720, BBV THaRMmE
PHTHEMIBNTE, EEEOBRERLHEETICD
WORER - HIEBAZ LS, EBROXIMIRY 5 EE
BRRTZ2EMEE TN MR CADELATH
NI o HAEICB N TH/NEEEDEM
kEREZELTCWAEERBIZES R, ANREEICD
WTHHE S 2 HERRIS B> T nikEE
W2 b,

BT S 2HBF2IT) MEROMEIBETO L
5o BAERPFEICE W CHIEEZHEET 5 F 2wk
i, CHEAEROMERIEER, BEEYE
BE RO HIEL) I & B i 3% 2 BRI 0 S FEFIHRER
7 ERBITFo b, Wwihd 0P OEFZIT-
TWaBY, TONADERIZBRELRENDH S, &
BHCKEEZT> TWAEH T, AAE0-1K
Rz LT, MARE, BEEE Jrv-7HRE%
FRZFNRBAELIEIET, EF3EEL2H 1E
b, BEFLo7RICIAREREZA 1EH, WH
HE, REDE, RESMZ L EERE, [
BEOFM2EIMY £, HAOFEM~4 B 1HEEL
b, GERRERHME, FHEFMEERETIRE, MR
PRBESFLEINTVE, —F, #h#lHEED
BE (BEFshdnwilEY, eV Xa, R B
BUOLZEOFESHEELTCII 2= —va VOER
%R ZE) LEEBTTAENRELHAT 4
747, FKEFMZECEIRBLD 5,

SHICHRBEOET2HY T A - SEEEL
G EOERBHLEOMTHEIHIRELRRZSLZ
EHMBERZEBIILTwAE, FIZECPF—ENE:

BEIZEYVDOOHBLIEIVZ, CLIZAEYEEY
LZERZFOMBLETHLUELHFEL, Ao
BHZ2EBICHLLEZONLIBOREICHLTD
TaRERESZT, TR MEEZIONIES
FEHLNTVWDEZ LD LIZLITERT 5, HEE
BEO—2OKELBEIEEN2EDHILTH
n, BEA, BEATOWTIOETHETH-
THERBLHEFEEMNIS Loz —Ya >
E—-FOHBEPRDOONDLETTHD, ClTIIE
BROBESPBEBLALLLAVICECEREINS
DI TRV, BEHROT I TEVWEEICRE
V&L ODHEEBMIE SN A TWRESE V., #HEH
BELCRHANGETHEO RS II 2=
g v E— FORBIREZNICHED BEEATFEOER
REEHE L, REZICN LEBN 2 EHRRMLE T
RETHAHD, TR INTWIREI T 55R%
> TWwh,

RN - FEHERHOZE

1) NHS 0EE

FAEROBEBEOHEHL, #EE4EKER
ERERE, BYYNME CILE GO BT,
FENERYE BE, 4 x5av 102 (CMV)
%Y, KiktE, EREEEGRRZEONI YRS
BTH s, BYOERIIHERCEERZRIZL
BThh, BEOESPSCHEEBRENRLEEN
HLWZ P Hb, REICBREZHBT 2720123
BHREMNLETHY, ZOLDICEEHEREHN
ZLLANHS 2179 CEHEEE 25,
KETIE20004E102, B ABRRICEL O NHS 2
FToTHEBZIPAFTTICIINEHSOBRES2R L, &
BIVPAICUREDHEERL, £B6HPAFT
WEBRHBT S (1-3-60—) LI REEESE
DEER BUEETAFSA Vv EHLAEY, 2
A% 67 A COBBERR - BEHERERR
DEEW 2 L7 Yoshinaga—Ttano 5 O HFZEY 12
KERF @%gHTWéOK%TM$&H$EIU
e, FRIZEE LY BILERZ L 4B CHRIE, F
RIGEE T TICITHMERE - MS BT TER S h
to_@%rw$%@¥ﬁw$5?%7aﬁh
(4 R ERERE] T PRITEED SRR



AL BHIEOBRE L OMES 651

2 [BFRERENREREGXEFE] ONREE
ELTEREN: CERIVEEDPSRINKEETIE
l%ol). BAERARERICL 2 FRITEE
DORETIT ALY T/ HEE DFI60% 2351 & BT
BEZIT>Twb, F-HEYEEREMES X U8
ZREBTHHFICBTL0~18ED60%2L 28
NHSIZE D RRERINLETHY, FRIFIIEW
TRERAERDOR60%LL EASNHS 2217 7: LHEE
ENTWD, R LENORERTRICRER TR
ELREVPROND FERBEREAI ) -V Fv=
2 7 JV HP; http://www jaog.or jp/japanese/jigyo/
JYOSEI/shinseiji_htm]/shi-top.html), = ¢ % ¥ |
XY NHSOEZEHRIELSRBE# IS LI CZ) —
ENERELTETWEY, NHSOEEIZ T2+
STIELL, WELHEER S RIBICENRZERD
HREIND, BERLPREBR LU, BRI CHE
VR ING D o R E—PNIDWTRT,
ZOEPNIMERE6RE r HOBRT3I ARBD
RKoFThHbo ik - SIREFICEFIZEL, NHS
HEREITCTH o720 WMERDEFXDHo72DDDE
BERBORH B 2oz bi5S, AR EDST
BEBELZECOREZ2EH I NI o, HERRE
PTRLDTEEREBR LRI, EEREGH
BREBIEER 2 %2 L. BARECEENETH
D, ABR CHEMERIED 70, LF2BrZBL
Too MR, HE - BRIIIEE T, EEEHREIC

-10
0
10
20
30
40
50

80 . ] X
70 *
80 -
90 e
100

110 - S
120

130 L P—F—F
125 250 500 1000 2000 4000 8000

ERH (Hz)

H1a FAgRI—IT775 (EHRENRE) AZHE
HEAREELZRT.

bP A -1

‘).J
/LJ

(ap)

i)
N

THEEE, EBICREL 2D, WISCHI 4k
RECHEFEEIQIEFE SHEEIQTWER
BBTholz. BERZE CIEINERE (W IR
T, BIEEMRY) CAHEREZRDZ, LB
D HA ORFEF TIdFI45 40dB 2 & T 04 H A §E
ThY (®W1la), 7495427 HEEE HH
L, BEEZBA L. 93V HADELTII,
HAZERRZREHICWEoTWa S, BEREIZED T
AETHS (M1b)y 2322y~ aryE—F
BRHEEFLTERREEIRETHY, FRITWLD
PHEDDDALFELTA-TVEHDEHTHT
EREMRAETIEI IEARMICHY L. IIREETH
32— aviERYVaAFy—tFa—F2R
VT ThIPINELEETH L, RIEICHLT
b OEREPCORPEFTZRKBL UL, %L
ERWEANEHALT, IWRYPTOSHEESRR
HHETHo 1 Bbhd, BFEHT THEHENR
RENBBERBOTHTIEDH LD, DX EAE
BN EPHFET L2 HIEENLETDH S,
2) BE - PEERBOLE

B RET ORMBRIICOWTIE, BEIE
E~FEETH>TOIRETHoTHRHMIILAN
LEZOND, BEIOFEEHBERII-REZ 2
LEBIEL B RADDIEERFERRTVWHE
M b, L LEBSHREREDREENKEICS
b7, RBESINS L ERBZFEN2LEFTR

R T 37—
VI omgEsz %0
80 r ]
70 t
Bf
w60
E 50|
%
20

BER B SREEEER  EERAERE
B1b HHUARE (67-SFHEK: AF)



652 Audiology Japan 54, 2011

ENd, BEHHLVIZAZLTHLEREOEBNIC
IDERENDLZEH NHSEADRNICIZEZL, #
DBEESEREOENI/DERERED L VITFE
FCHE, BRARTOERBIOKRTICE T4
BIERLRL ol NHSIKE - TBERS
REEREELREIICER IS L5k, B
HELIBDE L TERREOENOFH I REIC
BNo0Hb, LRALBETEIIRE®HY, HA
RECERHETHEAENIZ ST, LB S 5
Tl EOHEMAP L, EEHERL I HAEHTE
BIIHAEZ R TVWILIERTH S,
ﬁW%MimmﬁlﬁKHA%%KTW%“
ZfTo CEEE - MEEHEIE30% 2081,
RS HTREEN, HA ¥ FGRFRE, HAﬁﬁmﬁwEt:t
ZREL, 24812 WISC-I HIgEREE T o720 £
FERMIE R B R EE 2 104 A LBL,
DI FH 4R 2T A, HAEHRKRIFH5E3
HRAE, BEZZEVENEL LB - FHENILICE
NEEMCHALZ L, HAZEMIERTE WA
WIRDOWE Z L %R LTz, T MeERE 2T L7
24BN HIAB I ERME IQ EEEIQ L v 15D 1
LI, BEBELEPRONLZLHEELTY
bo HPF IZBENFRTOEERVLIIRFED
o TERBLASBRU EOEEER242 (BREHIL9
%, EEWH3R) 2RSS BEHIE 30~
97.5dB 124 L (18413 80dB DLTF), HEEEZSRIE
3EMSH, 4mA3B, SHMULSBITHoL
LTwb, 20 LEFBBEZEOENIZIIWICADL
h, FREFTCBVTRERDOEN S hEEHEE
BEEAMEZBZAEMIHLERLTY
5

PEFEHEOPEIIRTHEIT T (EHEE
BWTHRDONE, TRL T FEEEE
MBS 6, 7R L2RICHESLLEI-723%E
Blc oW TEEMEIQ & BEE 1Q oM EFM
BIROHERZAD, BENLZISEREIQE
BwEETh), SEREOERDASK LH#E
L'C\ﬂZ; Psarromatis 5% 137268 D S5 EEHF

B2, 260 OFEFEHE % B {65481 0 9 1876
(BB%)R%W# I S, 5561IE R HEEE, 32
PIIEEHETho e HE LT 5,

ZDL ) RBEPSEED OHEERERICBY

THRYER  RUHBEEXE2EZETLIRETH
%o MOV L [TFHIESIA%30dB £ £ 2 5 40dB &
EBEJI S REFC & SREHE 1Q 2580& IEHIC
BEAEASCSHERELZHDD] ELTwE, &2
12 40dB B ELL EOBEND 255 XEENIC HA
EH%ZEND, 30-40dB OBA TN ZENHEL
ERRBEOEICLY, Fézgddb I iZLTw
%o

3) BEEEOK

EERERICBWCIRAETOHREIHSHT
Hb. FERBOREHBP 6B LORBHECTH
SRR, SoRERBROEEN - Fhid
BEREOIRL-WYEICERAEES, SEAOKCY
Hod 9OEDE" PHLIEPHLRTW, £
® % Yoshinaga-Ttano 5* 56 7 H DIRTICEEE % 2
BILEEZHBT 2 E0BEEREZRL, KT
BHIANAOHME LR TEATHERAI N, BILER
& YD 13 6 B T REFE R A% 80dB BL
E, BRI IQ SEEHE, MEESLVEEEL
WHEL, EEHBRAPORM (64), 1HEA
(19%), 2®f (4%) O=o0FIIBIT2EEN
QEZRHKLIHER 6RRAOBENBLIUPIQK
HHEE 270, SFHIQROERETIETY
98, 1mEETIZFIH8S, 2BHETITFHITLEEH
LRERDSEND & & HIEL 22 EAFDHY, O
BL2BBCREERENRORIEHE L, 85
WNERBRZEE D BENTEHEREOEEM1Q
ZowTh, ORAEH (64) X2RRAER (108)
IO EBICEPo. INOOKEBIEEHIIRIC
BUTORA»LORMEEIVIRNTHL L%
RLTWwW5,

LPLZBESTEHN L XU 100dB Bl o HFE IR
TIEHAZEA L TLEHAREIZS0ABIZEL 2V
ZEHEL, SHREOEEMYPBES TE
W, BEAZEBLODLHEFALHETILESD -
Too BERRIEASEREEDEAZ R ﬁ@%@%&kbfﬂm
THRY, HEAFOHRTREREAROSHE
@ﬁﬁ?%oio;®l0&lbmﬁﬁﬁﬁﬁkﬁ
LT Cl2%H¥ % L EHARMERN 3-dB £ & T
2 DBL L DIEFITHRICR 572 ZOHFBECI
FEHRIHFORFELBETCHEMD, E#L
BELTHEEEHICIVERTAZLATREEZoT



A REEORE FOMBES 653

VWh, BRI LIZIDCIOFENEL B h
TESHT, CIEARICHLTO RO HALZHE
EHEIRICN T 2EBFTEFVELS L O TR S
NTWBEHRYEH 5. MECIHER Z ZHERLT
WBIBINTIE, T4 EIEEDE O iz d o 7 fE B
RPEEBELEIEMAR ELRE, §CIZ auditory
verbal communication SEBDERE 2o TV b,
RIFTIECIEMICH L THEA L LT total com-
munication Z EIZHWTWAREAEE L, CIo%)
BE+TSErERTWREWI LR KEMETH
%,

HEEREIT DRI

NHS Cpass & %z o 72ER T T OHICEESH
BHT2Z by, FlAEREEEERCREFIC
ELIHEIETTLILH S, MIBORENE:
b DI ERBEEBEALV =7 (FEEOZAT RS
EEICXY, §, BEREOBEENESR RN
BALTHREEZRK-TERERD) ¥y, 8
IR 3ENCE LI VERENZ EHE W, HEL
LT, BRM CMV BRded, BIZEEER, Auditory
Neuropathy 7 ¥#3% %, BEEHECETELZR
TREFIZE, FHREEMEETIE COCH, KCNQ4,
WEFS1, TECTA 7 &, BY AL Tl SLC26A4,
CDH23 %2 &, X o ¥ NV 7HEETEE TI3243
PLREE, IS5 AERELZEND B, SLC26A4 &
EFREI L 2RERBEIAE CREBAIVERPE
TLRT L, FRICHEIRITER £ % & - IS
BT LR T, BRUEHECL»TEEBEFEELL
TRIEEOEW G/B2 BIETEEMICRMMEICHE
TERTEPRBBELEZ SN TWS,

Y IWHAPEED L EEERERZ 54D
FF 22310 L F TRABBETE 26361Ic0nwT
EHLCERBEEH L, P2RLERZSERON
HREOLE CERT 5 2 BEKIZB T 15dB B
FoBELAEZED L DEF2556] (39.7%) TH
h, I LREBTRIRUTICETER L Ll
Lize FARETAZMECHEERZDOASNDLKFE
HEHOLDICHEETREEZ AL LT
5o BN O E/NERE HEEIR456] & 922 M #F
BEHEEL, 1EAEECISABUET I 2AEKT
10dB DL EBME LR LA EN B EHEL

BhHOSHMERICIRIBEREAT A FEHVA
BEMNHEEE HEEE2 T o0, ZOHEE 3661

(80%) DEEHEEEZRL, J HOPIIBAEHET
holzbMEL TS, FLRBERERIETTY
HOBEHHHE S N-0132361 51.1%) THholz
A, D bUFIISAEMENBECTEELLZE, B
HIEE ) ASHERr S N Ao 722200k 7 BITIdfR & 1CHE
BFETL, 1PIEREEECTH LB Z20£ I
BWEICEIB L2 EBRLTWVA,

HEASET LBE, RAAOFIRRECLIIE
AN LB VHERBIENLHEIDHS. L
BRU7z & WP ROBEEERIH TR, HFC
BIFAHBLKREV, fto THEHMEDY X7 H¥E
WHBER1IABIC1E, ToMnBEETIRK3 D
BIC1ERERECHET 2 L2 T hb,
PHERICIRTREA T[4 Vi POBEIEE
PLETH b, R CMV BEE CIHRBEIS I
BVPP Y A N AREENEN LGS L H 5. B
FHELTEAELLSERHAORAENLETH
5

EEREOZE

HESMNEERHERE 2 CoMEE L &4
BRI HRL v, TORBREHTHY, FK
RIEE (BBERE, LOEER, THERE HEHE,
OBH, NHEZLE), EHREEE WEFoz
E), BEBRE FBHERER LAEREREER
&) e, B—F3EELBEEL LTEHL
S b, EHEEDHEEIIMAD-/%EELIEES
N 5o JE T1980-19954F |2 A L 7= 1 fl 40dB B
L OBEEIR17, 1604 DEZFHETIIR30% ok
EFRREOhLLHME IR TVEY, AT FEXSF
P OISEICHESE L HIEIRI00E 2 AR, BAER
B &F -BEL2SHTSH01332%, HEEF -
BN ERE - FEBEELR L ORERELY&HT
53 0iE25%, TEZED DDIRI6SThole L
TWwaY, B T2EREEENFCEET LFICH
Mriboix, BHEINER, #2TREE SHENEZ
EOBREHERELZAHL TCHLBHEIETH S,

— R EREEER CREN LAV ORERERO
PhBEIENRIRL TV, FLEEOHRMOAELR
L, BRI ERESBELS S, HHESR



654 Audiology Japan 54, 2011

ATHBLODEEDRY 07, BHRREE - 778
DARY =07, HEPHEELREELH L, EERESE
DERICIHEFMHILEATHY), SHLICHELE
W BEHECOTHHELERETH S, HEHE
BEOFREZERETH > THREEF2EDZ ) A TX
BE2hedwd, HARZEHLTEE - BEEE
WISCCEE 2T 52 L CHEEHRZWTIETH 5,

CIRELTL—EDHMENH 2 L OHRENS
Vo Pyman 5% 3206 0 BEEEES GRMFEEE
W17z &) LEEOEVLLEOMTHZEREED
BALERN, EHEEEZHFOBHE, FICRMRES
FELZEAEIEED R\ CIEHBIC IR
MBI 2%, EEBBEMHIES THERRS
N5 EHEL TV 5, FERIC Waltzman &' $ 3141
DCI2ERAL-EHEEROBAZBEL, I
BEOH EIZEND A CIORIZFESLH»THY, 17
& (59%) X oral communication 175 X 312 %
Sl EHEL TV B,

NHS i X 2 BB R FERPLHMENRERED
k2 iy, BEOBE 22 -RICHREER
SMAPNDLEFAIWE TVE, B, BFFHEHYYE
RRERCED 2 HHRREE 2T, 93227 —-Y
a YEEIODWTHERZ A L OEFICI Y E DL
EhhHbH, HAEH, CIEAOVWTNIZBWTHE
BREERTIETVEFHAL 2L S T TREA» D
PHZENS, RN TRENZEE 70 50%
Mz ek oha?,

AIREZDHCHHE

1) ATHE LGSR 0Z=

WIBLU LD EEHRERLZ CITEBTLLEA&L
HA CHEB LS, FROSHEENICENELS
DB, TRIL bhoTnV, B TIECIDR)
FIZHEBES A% 80-90dB BB O HEZ © HA M
LARANVIHEE TS A 23INEI I koTn
A%, #2113 Blamey 5" I3HEEOFETHEL T
WaATE O CIEHR (P 106aB) 4060
HASMIE (CFHEES 78dB) DB, SiEH,
SHRESERELREZHERL, Ao LEN 2,7
ZEEHEL TS, HRIZBW TERERDA HE
BLUHD - FEBERBICEFN L WEEO/NRZ TR
LT, CIEBRLHAZAREOMOERERIIC

DV TEEB v ORETRYIC R BORET L i
BEAER,

TN 5% 1220054 3 A ¥ CHEEL R BR MR TR
FiZT, RE4FICEENMNARICHRE L-HER
W3t L, WEE TR S TIT- /2 WPPSI ik %
HLICEBMELRE L, HRBRANEESD
MEEREH L v2flT, CIZERRB74, B
80dB UL E o HAZH B 74 (3 91dB), B 80
BRWMHO HAKMHIR 74 (FH60aB) ThHs. 3
HLIgfEtIQ uERAShEZ Y, CIEREDE
BEINHS KX WEHEOZHAZII T2, EFH
WGRENE CI B HAR (80dB BLL) 3¥¥14 A
THEMEMICEDN S, HA (80dB ki) 1
F3g42. 4n B EEBICBRCW, BREEOSHEE
1Q 13 CLEA 101 (F#ERFZEL4), HAR (80dB
PLE) 293590 (E¥E{R3£16), HA B (80dB #if)
AFH82 (BHEFELS) THH, CIRIFRE#HD
EEREEBIEZAZOEEEIQ 2R LY, CIEOE
EEIQ X, HEMNICEETE LRV HAR (80dB
BlE) XV BWEEICH ), HARE (80dB KiH)
FYVEBKEFCH oo CIEI HAE (80dB &k
W) XYSEEIQVED S LORETSEEICH
mE&hizlzhbEZ b5, 80dB Ll LEDERH%
Bindse CIEMOBEBRPLI VAL L2, E
IPICDVTREBEORERETH 5,

2) BET CoOEIUEE

ClIBI 2 HEHHEEIENIC L Y EASER
REL, FA-OEHABECLIVHRIEELY,
CIEENEREIZOVWTREREEEEIRS, &
N CIOHEAFBICALATELEFRSZHZEL
ok, AETCHEFTZAFLAFEIREINT
WaA, INECTHARBERICLZNEAOHRER
BEALEN, ZCTHRLAIFCIEAAMIZETL
T/ RBNC BT 5 B RIS ORI D W TH
BREERAGIRORIEIR L B L7 (Ria%iih
BEREREFRN1IFER) . HRILPHCTHES
BEToTWaRARCII4IETHY, HEELL
THA CIEAEI, BERE20RICFEOFM
21T o 720 FPMMIE CI200475 5 DR HLERMG O L ERE
PHO, CIEATR2H8DAY -2 0 BREET
EPMEARRABEE 2R LI, MEFET L AVE—
FEITL, BB, SN H20dB, 10dB, 5dB, 0dB



LB HIEDGEE EOMBER 655

D5 LM THEL TS, TOKRERIEIRTE
SN H: 0dB &4 THESEFPEEICET LMEAE
BALDolz0lx L, /AR CHEITIE SN 1 10dB
TREROEERETEALONEAZIKTH -
7oo RMACIBITHNRCIBILAROBEETD -
72

COBREICIERCIYEHRT CRIFREIE
ERTIEICBWTHEEE L O¥EE T CORER
HEOEVNHLIPTHAZEZRLTWDS, fito
T, SNEREO:DOTO Y S LEELHPIESE
ZEYERBEBNICERTAZI LI KELRERSD
%,

3) ANIHEOMBEEERICHET HRT

PRERBERANCIEER LA, SHR0RN
W53 AHEEE - BEESTZEOEKRPIEIIE
BRENTWD =D, ZOMBREIEEIIRE D> O AN
ShBEHRE, TohbbFAEBOMEE - £ RE
DIRE GREHRERERR L) KFIKRET 5. 6
ZPKBEHEDSEL 2513 CERREIELT 2 E
BIKASNRTWED, ZhIBREME . S
BHOEEIEITTL-0LEZONDL, o TH
BEETIICRETHRIE, 3BAAINEYF—Ta
VIZERTHEN, BRABORPIZCIZAZICR
FRENELEEET LN TES, —FHERNE
EEREO/NEF TR CHEEEHA N L CER
PEFTDLEVIHIITEZET SO, ZORFH
ZOMBERRCEE T 5, Thbh, HEORH,
WEHEOFER ERKHEH» 5 OBRADEICHET
LHHRTFRZICRL, BEMEOHBEY, B#ER
W, BEEEEORELRECLEELREFLELON
%o Bl ZE Niparko 5™ 13KRE D 6 2D EFEMEE T
5EECICCI 2T L1886 % 3EMBHT 2
A %, MEETRY, ZROTIBRATZMETTL, SREEM
L REEETEDMTRT L D FHICHE LA E TR
FRTLFBRLYERLNTHY, WEOBREED
BwWiIir, WHEFROTHEBEBIERIZY, I
BREGCEINLBEICWSIZY, SEOHEBER
HEBIFTHo e HEFEL TV,

BN L OHMEDNL L ITHARFELZFTRLIIBY
TH2%YHTUIFHLEZLNLN, BEDEN
RPERERROELEDERTHLENDHD, HET
BARBNCET 23 L o@D, K

B o fEm, Bl ERH CIERE ST
BWZ &? S NEHHOMEEIC X ) BECESH S
ZEB LR EROWTIIVWL O OREND LA, #
NOEICEEBNC L BTV AL ERTW
VIRIRICH o7z ZHIE—HER L 72D O CIES
HR—HoOEZEBREBOLNTHEHTH S, H
KT INETATEEIC CILFRIBHIT I
25, ARENIZFDO4ENIEE v, RILIZERNE
B+6lo CIFEHoS bARAPR6E 2 505 X
ICHoTETWDEY, 3RUTIIEEORH 3
LE¥FoTwa, —h CIFH 2T % MR
100fEREIE C W R A7z, 724 MRk T/hRH
ZOBLUIPEBERLTVWZWIKEBIZD 5.
ZDXIREENS, BABEEFORNEFEE
OXEEHET, TNIAFZEAL-ERERGER
EHHENBE OB, - E%%ﬁ@% k@?%mt
7T ADOMEM ] MY 5SSk (FFRAER
%.mm%&,ﬁn%ﬁ%‘i#%%,%mﬁd
iR, HHEE, REOED) %20084 5 52010
FIHAT Lo RFROBER T ZHEshTw
ZWDFMIIRET LS, BIBIUTO&EY Th
%, HEIIBARLN, MR, SRITHEIHET
Y, 6T TIIRRKRE - REARE - RoMiAERE
?U%ﬁ%ﬁwﬁéﬁﬁuﬁbtwmmi%
ERUERHREMEZRSIGIEH R L L, NHSE
AR DER D Z L EETNTW AL DBHERITE
<FIHL. 3% (BEERFELSE) Ty, HAZER
IREENIZL. 68 (EEREL 7)), ClFMkEEnd
4. 45k (BEEMEZE2 7)), FERERL. o (B
RS 0% Thr, BEEREHRE LT, BES
B, MR, BHEoOERER BEEBREORE ZWE
¥, HAZH4E, ClLEMER, EEE o520
o=y —YarE—F, #E - SFELEE #P
NRT {§3# % B & Lz, SFHMAEBE ICIZMBERIZER
& % 72 ¥, Meaningful Auditory Integration Scale
(MAIS), Meaningful Use of Speech Scale (MUSS),
R IENEE (67-SFER, umm){ﬁ@%%ﬁm
2 (Picture Vocabulary Test: PVT), Sl (B
BHEIQ) RN L7z, £ LT, CIiEMBIMRER,
HMEoOFEN, EEREEORE, a332=F—Yav
E— FREDPEIIOWTHR, BEOFEEITMH
& CT, MRUC XY AEHFEOFELHN, G/B2



656 Audiology Japan 54, 2011

BIETFEE, R RECMVBERIZOWTIE TR
FCHRELT.

T CIEABBREROEEIIOE, NEHBE
B, EEREEESZRVIER T, 304 AUT, 31-
364 H, 36-48» A, 487 AL Lo 4B cHT Tl
87, BEEATEN % R $ MUSS O S FEEATE)
ZRT MAIS I2A LEBRTHE LA, EOFME
BB BV T D MAIS, MUSS & d I EF
L, FIRESBCE2RBEOMPICHL 2 2EER
bhdolz. LA LBERICEHE L 758 TEEEE
DEEERNIFMERMIIKREIBEIL T
(K2), BEERFEEFMERVENITEREDS
BoBinEd Roh, 4BRUEFMETHETII4R
AICH L THEMICDFRICBEVWEWIFERTH -
Joo T-BEEEND 2RET COFMMBETHIED
BIFCARDBRFMETRIREDRBE L 2072, &
BREROETHEREND L SEETOMBRE R L
ZA, PTG L SEEIICIHINICEER
EOMBEAA S NI BIRENES TCHEVERS
PROEMARELZOEOEMOEET ALY, B
SOXPEVEMICH -0, 2L LTASLECT
PEALARBBTIEI[2ZZ0RLEL] 2820
BOSEENCEET LI LVIRBRTH- 72
KICHEDOFERIZOWTHN. G/B2 #inT £
. BRKE CMVERICDOWTIEES W-ERIC D
RERL 72720, REBDO208FHERALHTHY,

0
o

S MFF g
o+ [=2]
s o

N
o

o)

-25 253 34 46
FHETER (R)

2 ANTAEFMFin e BRER R

¥ p<0.05

SR CMV BRYeA3176l, GJB2 BInTRE 132361,
AEHE260 FIEKRELREHEL), 20
Bl RElE R, RRERBEGER, BEERES CH
EINTwWiz, 22 CHERAHEF L CMV R E
GJB2 BIZTEE, MEKELRE, FomoNE
HREPREL-E A, CMVEYE, GB2EEZETF
BE, HEAEEAECIRBERRAREM L FEF
7R ENL L OG- SRRAORKESR LN,
—ﬁWE§WTﬁMm9Nm$@ﬁ§m@UM
K, BARHCEHME Lo E GRS, SEEEIEMm
@ﬁkﬁ«ﬁ%kﬁ#oto%’?WE§%®Wﬁ
PESEHTTHRARLE A, REROETIHIEE
731 common cavity, WEERETHRDTEL, —
A ST BERRIE - FHEOAOFHER T
REARAG L B WERETHo 72 (K3).
EREEIFESHEES NI L DOH8.5%, FEw
BIAT.6%TH Y, TOWFULHEMIZETEH 6 F,
ROTHEIEREEE, FEEETH- . REHR
BT AERENOFMETRTER ) CEREESD
DB CEERENPEBIEVERTHo T /0
BEHEEDDEEREL ) OB TEELE o4 (H
4), Pyman 5 % Waltzman 5 OFED L 5 1
ZDOBREPEGHRMP T 2 E ) PBESLETD
5o

I 2= —3avE—FIZDOWTIEAE{ oral

communication ([J &%), total communication (F

0725 253 34 46
FHETED )

(NEHE - EEEEZRL)



A BEEIEDEE L ORMER 657

* *k

—*

100

[~
(o]

S
[we]

S RS E SR iHE
[=2]
o

g
o

P

0 M ommoncavity HAETEAE  RENEHK | NEENRE

K3 HWEHEEY 4 7O N LHNBEORE (GhEE)
*p<0.01, 7 p<0.05

100

80

60 |

40

& W SR B mHE

201

%L HY

U HY

K4 BEREEEFOFEC LS ATHEMERFRORS (WEFHEHRL)

*: p<0.05

#, ¥ FRAEY—FRRIXFLEHETHLON
ZHH), 4 (REEH 0= THRE
Lize EBEEPLOFEHE 2 BT TNTYH, EB0E
EISE CHESEL HVW T W AEE1 total commu-
nication & L THE L 720 BERITHE - 7217561 T
1¥ oral communication 2512f, total communication
A316351, i & i 7%53%1 T i1 oral communication42
B, total communicationl1fl& o THY, BHEK
o TWwa CIEMENS { %% total communica-
tion CHOFBFZZIT TV OFEBRIREHATH
%, oral comununication & total communication @
2R BT 5 &, MAIS, MUSS IZBERFICITHE
F oral communication HED FBRBIFTH 525, &
LLOBDIERRZMU AR L7, LA LRFERORE

FEREET, EERDOELL5ICB VT oral com-
munication D F VP EBICBEF R ERL 2o/ (W
5) 2HEFMICANIEIER @EIRESLER
ZY) CENHLUREDEETEZVLD, (I
OWBRBEVRIF L PEI NS /B2 BETFERRE
Bl (EEEEFNIRC) KB TR LA ZAT
LEBROBRTH Y, MAISTIEMATICA S is
oral communication & total communication O &
ZEIME2ELEEALTCOIMEL T, MUSSTIE
W ER 2o b DM BE LI FETHEREIE
L, 2FEFFTIIDIEDNLENEL L VIHRTD
o7 TOMPEARMBEBRBFERVE I NS
GJB2 BIETFEEENIIBTIREATNZFEHL
TEL L CLEAD» L TE 202 HEERE

mj



658 Audiology Japan 54, 2011

100f----===rzzooo-

S RHIR I 3 G

F-25 =%

© — T

-3 b—%&J

H5 D322 —33ryE—FIZIs ATHEMREZEREEBEORE EEEELER)

¥ p<0.05

BoNZWEVWIFEZMEIRLZLDEER 5,

4) MRALHNEDEIGELE

ClEIEEMFE LT, FHE»OMBOEEICE
5%T, REBIUVERRRENNOEMRELE 0—
BL2ABHEESE N TWE L BHiRE&HE 2
b EEBMICBITALEREE LT, 1) 24
BoBEEEICOWTHNL, Z0oBEIRE, HA
BEWKDWTEBLTWAE Z L, 2) HiBIcBITS
BEORKR, Hleala=yr—Ta VgEELR L
DVWTHHBLTWwDL 2 &, 3) SESEERBIT
B E OZINCLERREICETAMBEAL T
WBZENFRDOLN TS, FLEEZFRELT
HEEZTOBBEE OEEIEEINTWE Z LY
EThY, IHREISOCIOERICEEN DL
FeBHBENLELRZ &P OERNRRIECH TSR
HoNTW5E, BT HEZENGGE 2L
T, CIEBOHITICOWTHEYE FEBL I UK
A, EHi, EEEEL, BEFHLAZOBRAN K
LTWBIZLEPEETHY, FEHHOBAZ LR
FHEFE SR TV BELERD B,

BRI DOWTRLIORY . BIGERMIIEE
BEEI1Z6 AN EE 8h, BERE CCHEMAE
DOUREEOHAEEIT1IR6 D ARBTLFMEE
THEESNTWS, BATRIUMOBEGIZ 2R L
EENTW, BN TORHFHOBHEREC
HEIN, 2006F ICHICFERET] & T EESD
5o RETII2r AU ERMERLTEY, TLEE
Tik124 ARBICH T 2 FMOFHNED L {HKEFS
NTWw3, o THERTESH S SIHEIGFEREEZ T

BPEDPRET BLENDHY, EEREEL WL
o RECIDBEIBRELBNTIE [P42E36
ARAU L RBLHELET Lo THEL

LEHFHRELUARAPFERELANEBRT, HAOA
TREFSHOERI A THETFESABILE] O
WEFPLETH D, NHS CHEIFER SW-4T
6P AR>S HAERZHBTAZLEZEETS
L, BINERE T LT [1RME] &5
DHFELTHA I,

FEROERIZOVWTIEHED SN TW iR WA, FEE
BEHBRZIZLACERLZVIRECSEES 2L
TERICH LTI FEME LTRWEW) BRI R
v, BESERREHAWCEEESL2 L, 2ok%k
BB L 75BN U TIZFEERIRE AN & v ) BR T
b5, Pl BEEIBEERXTRELLZEAPRR
B ROD o - HEIRIC BV CHEFEEC
EIT U CHERENEL 2o B2 ERBIT O N
b, FLHAW L o T—EOWESEND ) E5E
EDALNIZIENRERIC L Y RIF AL KD
LHEONEL LD,

B D F#E 2D T 20064E DELE T TIRSEIGEE
FURVH100dB BLE L 2o T izds, BAEIRF
BHEDLVARUHBTE L D 90dB BLE, FHHEL N
VIHEEFLARVEZRBIRWI LG 2o TWw
B RETIRIZY A% 5245 A#ETiL 90dB DL L%
AL TWB25, 4PAUETIER70dBIEE LT
By, BRI LEENIH W, FDA OEEHE
Tol:BRIWCIHAER L CIEROREHEOK
BEERKECEML TV S, T2bBI990ERFTFIC



FLA B EETE O WE L o R RE 659

g1 MRATAEFFROEFIEE

1. FHiEHE

A) BISEEZER 16 VAN EL T 5, @ﬁ%@ti‘ﬁliﬁbf, LRRERENZ#EI LI LT, EBNC X o THEY 2 THE

E}q%&l v;"?ao

B) MELEZEHFHELZE 1R6VARBTOFHRLZETIHEF DL,
C) EFERBLUBOREN TR, HEROPRITITLVWEERECTH S Z L PERE SR, BEL-ERLRE

LELLVADIZRIICATATZHRETHZ EBEE Ly

2. B, WEEHRLEE

A) B2 OBEIHELZRAVWTOWE L S FHIEHN L~V 90dB ULETH %,
B) A%t 6 W AULEDLARELHBERTICIL > TIME L O PEHBEBE LV AVPFERFLANVERLT, SHESZOAR

CTREFEFOEEFATF7ETFEESNS,

3. ZER

PE KR EQREHEOEBH

4. HELZEDHEFLELZDO

A) BHEZEH CHRAFCATNEFBATE 2HUIEATE2WEE

B) REHOZUTERDPFET 2446

C) HEHEEZBEOEMAFRAZ h%@%’a‘& & RERNEGORZHDHE.
D) EEEES IUPHREBEREE CREEL NSO O, ATNEIC I 2BEEMESENTH S 32 TP 2T

6,

BCIOFFIIRFIEII100BEEDHIER D
HAZEHERICIET A W) 2 & THo7208, F0
BOFH L v a— FMLEO MBI L ) 19904E/R I
BARTOEBRLANMVIZNIBREELEDLY, &5
12 80~90dB FEE D EEFEE O HAZEH L NIV IZHH 4
THEARINDL LI kol LIZE DY, &2
DENGT D EN R CHEB ORISR 1L 80dB
BEOHREZ O HA EMICEET 2%, BAZEFK
VI Ehn, BRICBTAENEEL X 5ITRA
THLERREVEEZTWD, & BEIEETMAS
I D EREICITZ A EEMICEIEL B4, BhuA
VI REEIENRE E BT ERIZITRETH B, Bl
WEEIHBETI AT 90dB B OEFI CHAZEHIC L o T
B 2SS o N RPERERICE S 251
BEEM L2 B L TR LA, BEOER,
BEkaE, BORE, HARATOHENgERzE2b L
WREHCHET A LN EL R B,
BEELESHBALELZD DL LT, HEBHT
WEWZ CIPATE 2UPERTE L WHED

BIFonTwib. WHEEEL CIERNTH S,
BRI & B A LRSI T drill out IZ & 9 FRE
EZEOLEED EIZANR—ZAZHIETE 2, NER
TR T 25605 5%, HEZWMFO
EBREAECKET IR EOBRETHLTE S, 7272
LM R OGS BRASAHE ERIRIEAS
NBWEEESH Y, MPEREBDD S MR TFM
EIFIRETH b, LR LAEHICHEFTENS B
RIEE - PHEICHB LA-FF, WEKEIRE W
ERESHETIIHERRIIBFCRREIRE 25,
— 75 common cavity CTIX CIOXEIZBENTD
%o WHERZETIZE HICHENSEL, BEAHO
ATOEERREIRAD LW EDE L, &HFHIC
non—uscr I 52 &b dHb. NELMERELT
BB HARRKRICERZ IEBICIREL, ko
IRt RELEVDHLIGHCE CIERAZHZT A
Yo r L UEELD, EHREEOEHICE
WTHEELRHEIRD SN0, BE - BEEE
KISLTHEPTAZ E CHEBHIZTETH 5,



660 Audiology Japan 54, 2011

HWEMESENS T THREIS»D 700, RIABT
BENREE 705022 e Rddbh s,
5) AREATHEOEBICBIT 5T — LIEERE
rRL7ZZWL O OERZEHEHEZH-LIZLET
ClEMOHEMIZOWTEREE (REBIUEN),
ERf, BEEHEHLEOERIF—F L BECFHED
PBHRET B LPLEDFS, FREDOREICBEY
TRAEXICLTESEE T IIEFHLED [RRY
WIRREF DL L] EWHRBERZIY, EER
BHEWCH L TOLWARRCER L 22 WRERIC
HET 2 BN L TH S, Hr DEBTFRENLA
BEEE FICUERICRL, BB Tw 5D
EIAPTREZDREEGADHIELVEETH S,
ERLZ [CAoMBERBCEETIRT] 20w
TILBHATLLENS D, TLFH2ITE2L
PEED () RI¥—1rTHEIL2REFIH
BLTVWBLEND S, ‘
ClFEMPRE I NBGEITEA 7+ —AF 2
ey ro#R (V) NEYTF—Yarvikgits
Bo=— X0l &, 550 ABH TELHE
WKEBF—ATORYHAAPEER L TN B,
B 6 12 4BECofitl 2 RT, WERE, SBAIN
TLBEELH 5D, EEEREDOOB[MNT/2IEM
B4 =5y PR ETCIEREBTERTAI L
Vi, EREHIENHS 2520 Tuniev, M
REMPETZEL, M, BRHEERTR - £5%
TROZEZIT, TOBRBHKRELIT). BER
JIZIE U T BOA, COR, EBENHREL ®BET,
FD# ABR, OAE, ASSR % EOftiEIEIHE®
179 BEHMCFEMELTD 2 BEHERCIIME
F CT, B MRI dJHRITV, HEFITIL G/B2#E
EFEELZ LORBEZEFRE, BFO CMVEEDOR
WOV THFARTW D, BRI CIICET S
BREREEL, TAREOHEBEIHE T, EF
k2 O DEBRREPEHEIE, EFEHRTO
iz RBAL, CIHETCHLTHOERLEZ, K
CEEIEE T XD BRI 2 ST (FRELEE, &5FRE,
BEEES, SEARLE) LRFTLTCICET A A
AF VA, I YU FEITI, IhbOFHD
Hio-BECTEEFREZENVERIEZEL CTHEDE
- SEEELEI V775V ARTY, EROHK
BxMb, FE2IH V77 VY RACBITAEER

1) /NREEEES R 2) ATRESNE
EEWBHTR BEERAEETE
BEARE SE T

- =
B SIRERHT
RIS ARSI BEIIEE

) RERHRI-ER S AIREALVTFLUR
BEEvEE >
s, FEoRrE
BRI !
ATHEIEHTSER | [5) maR - HHORM

ICOLE. HFRITKYRE

6 FHERFLBILIDAEAINEFHRET CoOMN

R, HEPIORZERELHERLALLT A
BIRPEEPN BV TEL) L) pREICHITT
3, TOBREBHZLOBRRE, ~ v ¥ 75H
DRFEORE, BROBROTA ¥ A%7T», &
I RER L O+ HRE 22T LAV TEM
WZDOWTHET %o R LEBRREOERITRE
Bilhad, REZOTSLERLEYHEZE
5700, FRESBY2BEHRE ANDL ZLPEE
THb,

6) SHRORE

CITIEER, a— MbEiz EBICERF RN T
BY, BISEEIUEINTE L, BEFRICBED
HEEBCHTEZNALTY v FEC (electric
acoustic stimulation : EAS) X ¥ TIEEEERIG 4%
FigEh, BRTH—HOHBRTEEERT -2
R LTHRBEN TS, HATOEASOHE
REEOBRESEINDL EZATHLA, KERIC
BEOSLHABICH L TIRFEEAS OBISE 2 5
TR Z ZE L - HRGH P TR OREN S
Koo LI,

WG 1R (RIS A& CcCoCF
WR—AEEREE~D CIEMIfThATETY
b —HEmERIEFIINT S CIFHIIOWTE
EAS ORI oM E AR, 13 Lo #Haic2 itk
DTV, BLXBROWMESHEIEEN 2
BERIWEZOOH B, DL EFHELOILAME
MiZ5H I DO EFEEINL D, ZOERITE
BIFRL RTFD2LEND 5,

A CIEHIZODWTIRWERICEROHL L S
A5 TH 5 ADARONIKT B HEwm L2 W L7 Spar-



LA B EETE B L oS

%£2 BWEAFBEATLHREY V77 L Y ALCBTLEEEBOH

R

iy

Pk

HRAT R

R

BEERORR

HEAT R e SRR

BEOIRER

FROER - R

Z OMEFEIER

MR AR

HEFE RO

PH % - BERROFE
IREE - ABREE
RIFHE - 5T iEE
RIEE, BENMRBOEE
MBFEIME - CORER (BE)
MEWEIRE - CORER (MEBEAT)
RERIERE

¢VEMP

EEzta

REE CTHR

FEEE MRIFTR
HEREHAFGEA S
HERERRR

MAIS 8 5

MUSS 84

R (FF)

EEM (BiRY, F3H)
FEMARR GOERELRY)
MR R @EEIQ 2 )
HEBA A

HE MRS

FEHZHOER
ALHEICHT 28 - AR
RERE (BORE - HFOF— 13—V )
HEDAOEBROFE
BETEROHE

661

CMV B0 HE (BH - TAY-)

reboom 5% DL TIE, RENBTDIELLD2ER5H
AFTF) YRR TERVA, EHENFMCIEER
THBIUBRET COHEIGEORE -2 L, A
FARICOVWTIRAESELA 22 L bV RRITIE-
EDLavEHREINTWD, BHMICHEME CIF
Mz2IToTWDB b Y MREDP S OWE™ T
FREFM 22 2 RO WEFitE 2 £ LHRE
EHITTHUEICCIEREZHARLARL Y D EY
TTOEBENENEFREICRVWI LRI TY
Lo L2 LAhiEass o i W EFPMEKER IO
CIFMZZTTCHBEETTORRS MRS UET
LLrOMELDHY, WHENOFMHEE L SR OBER
BEFE-2) LT, HARTEEM C T
Bl LI RIEFT  RAE BV, e ORi
TREERBIZE L LT 3B0/NRICTHE ClLF4T %217
W BRIF 2 EERE L BRERER A TSP, R

PRBTHCEBHENTH 5,
¥ & &

Y BHEOHRBICB T AMESICOWTESHL
Too 2L ZBENLCPEERETCH- THRHAR
RBHNMAVEETHY, FRSIALHEEDI
aor—vaviZEER &L, SEEESER,
FHEPHEIBORZCSHENEL D 5o BE2H
BELHFI X > THME L O EHHIE L~V A55E 5
LARVEBLTHEMRCBEAEDH S L FHINS
BEHEORAE, a3a2r—Ta v E-FOE
REFH AN HIEHRD SN D, FEF L, CI
DRI E 2o 2B A IR ERPICCIERZEN
ETARERBRICHENTE I EPEETH %, Cl
DFMBORBIEEBRIRESLOBRFHEHY,
LA & A B 2 Rl 2 & F — A EHETOMRIEA



662 Audiology Japan 54, 2011

RKodbohs,

AL REEORIR EORBIIEROAL S TRE
HOMREL, TORAVRIICDL2ELYAF
IV REENELEELETH L, TLEIRE
=D&t SsTHBEVEMENKkD LN, Bo4EL
ORERREZE D=~ A% TIBT B ICIIBEERES2
RS, BEREERLEZONBLRD NS,
B 72 B 0@ ) 2 BT S IR DRk e FE Ic HE
THIEREEIIWNTHBILH 5 Z L HPFET
Hd,

Elzl')’!

i F

FREO—MIIEEGHEREMAEROTRE X
7z XRMEFOLIBREE GIRRFFLEE
R, RRNZ=S%E (ROPREEBIEGE, &
LA (WHARFERMWER), WHERLEE
(B ERERBERER), ZEOLPEE HER
SPNRERE Y 5 — FRIENER) (CRET 5. M
PERRIC B TR RE B R B RIS A,
TR EE, BT B EEOHH 2B,

Important issues to be considered in the

medical care of hearing—impaired children

Tatsuya Yamasoba, M.D., Ph.D.

Department of Otolaryngology and Head and
Neck Surgery University of Tokyo

Early detection of hearing impairment followed
by early intervention and support is mandatory for
the medical carc of hcaring—impaired children.
Newborn hearing screening (NHS) is of great sig-
nificance, although it is still not performed ubiqui-
tously or widely. In children who have not under-
gone NHS or those with late—onset deafness, inter-
vention and support tend to be delayed. Early inter-
vention and support is important not only for chil-
dren with severe or profound hearing loss, but also
for those with mild to moderate hearing loss.
‘When deafness is overlooked, it influences language

acquisition, emotion, and the development of social-

ity. Children with profound deafness who are ex-
pected to obtain limited benefit from hearing aids
require correspondence with consideration given to
the choice of communication modes in their training
and rehabilitation. When cochlear implant is con-
sidered as one of the most suitable choices, the can-
didate should be introduced without delay to medi-
cal facilities that specialize in providing medical care
related to cochlear implantation. The age at coch-
lear implantation, cause of deafness, presence/ab-
sence of additional disability, and communication
modes are associated with the degree of improve-
ment of language comprehension and expression af-
ter the surgery. Various factors, including the
above—mentioned, neced to be considered to deter-
mine the suitability of a child for cochlear implant
surgery, and care by a multidisciplinary team, in-
cluding doctors and speech therapists, is necessary.
In the medical treatment of hearing—impaired chil-
dren, carc nceds Lo be provided nol only {o the af-
fected children, but also to their pareats, and long—
term follow—up is required hecause of the dynamic
developmental changes. Even simple audiological
examinations require a high level of skill and know-
how, and to understand the difficulty in the lives of
the children and the needs of the parents, knowl-
edge not only in the field of audiology, but also in
the fields of developmental medicine and psychol-
ogy is required. It is of particular importance to un-
derstand that an appropriate judgment made at the
appropriate time is necessary to avoid a negative in-

fluence on the future development of deaf children.
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