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正常者　左半球　声を提示 統合失調症　左半球　声を提示

上図は統合失調症患者群と正常対照者群では左半球におけるニューラル
オシレーションの出現パターンが経時的に異なることを示している。
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健常者における音声認知に関するneural oscillation
平野昭吾1,2　中村一太1　上野雄文1　鬼塚俊明1　神庭重信1

1. 九州大学大学院 医学研究院 精神病態医学
2. 医療法人社団豊永会 飯塚記念病院

【背景】
これまでの研究から、頭皮・脳表面から記録される種々の周波数帯域の電気活動同
期が、脳の認知過程における情報統合において重要な役割を果たしていると考えら
れている。健常者では知覚刺激そのものに対してだけではなく、刺激の内容によっ
て同期活動の変化が認められることが報告されている(Uhlhaas and Singer, 
2010)。同期活動は刺激呈示のタイミングとの同期性によりevoked oscillationと
induced oscillationに分けられ、evoked oscillationは入力された情報と記憶内容
との照合に、induced oscillationは刺激の内容や判断といった、より高次の情報処
理に関連していると想定されている(Herrmann et al., 2004)。一方、統合失調症に
おいては、脳の微細な神経回路の障害が存在すると考えられている。同期活動は抑
制系神経回路に関係があるとされており、同期活動は統合失調症における脳の微細
な神経回路の障害を解明する重要な手掛かりになると考えられる。

　我々の先行研究
(Hirano et al., 2008)
では、言語音（母音
「あ」）および非言語
音刺激（2000Hzの純
音）を呈示し、健常
者・統合失調症患者の

刺激に対する一次聴覚野およびその周囲における20-45Hz帯域活動を検索した。こ
の研究においては健常者と統合失調症者では比較的早期（刺激提示後150ミリ秒以
内）の20-45Hz帯域evoked oscillationのパターンが異なっていることが示され
た。この結果は声に対する20-45Hzのevoked oscillationの異常に示されるような
神経回路の異常が統合失調症患者に存在することを示唆している。しかし、我々の
研究では受動的な聴覚認知に関わる一次聴覚野周囲の比較的局在的な同期活動を検
討したに過ぎない。

 

【目的】
今回の研究の目的は我々の先行研究を更に発展させ、聴覚刺激判別におけ
る神経同期活動のパターンを全頭型脳磁計を用いて検索することにある。
1. 健常者において聴覚刺激判別課題を行わせた際の神経活動をneural 
oscillationを指標として検索する。

2. 1.で得られた結果について統合失調症患者群について検討する。
【方法】
（被験者）健常者20名
（記録）九州大学病院ブレインセンター内306チャンネル脳磁計
（聴覚刺激）聴覚刺激判別課題
　音声条件

　
　純音条件

（刺激呈示および被験者への指示）
• 刺激強度: 70dB SPL
• Windows XPをOSとしたPC内に保存された音声および純音ファイルを刺激呈示プログラム
Stim2を用いて上記の条件にて呈示する。
• 聴覚刺激はPCより出力され、プリメインアンプにて増幅されシールドルーム内のスピー
カー、ビニールチューブを経て両外耳道へ呈示される。
• 上記の課題は100回呈示され(100課題=1セッション)、音声条件および純音条件のセッショ
ンは2セッションずつ、合計4セッション呈示される。セッションの順は被験者毎にランダム
に変更する。
• 被験者はシールドルーム内で座位を保持し、出来るだけ素早く下記の指示に従ってボタンを押
すように指示される。
• 2つの音声セッションのうち、片方のセッションでは第1音と第2音が同じ時にボタンを押
し、違うときは何もしない、もう一方のセッションでは第1音と第2音が違う時にボタンを押
し、同じときは何もしないように指示される。純音の2セッションも同様である。

（記録）
•サンプリング周波数: 1000Hz
•バンドパスフィルタ: 0.1~330Hz

あ or お あ or お
200ms 200ms

1000ms

+

500ms 1.5s~2.5s ボタン押し

【データ解析】
•誘発磁場波形は第1音の開始時刻を基準として、基準の前1500ミリ秒、基準の後2500ミリ秒
を1試行とした。また、ベースラインは基準の800ミリ秒前から700ミリ秒前の区間とした。
• 各試行に対しウェーブレット変換を用いた時間周波数解析を行い、下図のようにevoked 
oscillationおよびinduced oscillationを計算した。
• データ解析および作図には、MATLABおよびMATLAB上で動作する脳波および脳磁図データ
解析用のオープンソースソフトウェアであるFieldTrip(http://fieldtrip.fcdonders.nl/にて入
手可能)を用いた。

【結果】

【まとめ】

465Hz or
1220Hz

465Hz or
1220Hz

200ms 200ms

1000ms

+

500ms 1.5s~2.5s ボタン押し

Uhlhaas et al, Nat Rev Neurosci 2010;11:100-113.より引用
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study41 showed a reduction in evoked gamma-band 
activity during an auditory oddball paradigm in medi-
cation-naive first-episode patients with schizophrenia. 
In addition, several studies have reported abnormalities  

in the amplitude and phase of gamma-band oscillations in  
patients who were treated only for a brief period with 
antipsychotic medication27,51. Thus these data suggest that 
dysfunctions in neural oscillations and synchronization are 

Box 1 | Measuring neural oscillations in EEG and MEG signals

To measure the amplitude and synchrony of oscillations in electroencephalography (EEG) and magnetoencephalography 

(MEG) data the electrophysiological signal must be transformed into the frequency domain136. Measures of the amplitude 

of oscillations can be further differentiated into steady-state evoked potentials as well as evoked and induced components.

Measurement of steady-state evoked potentials

The left panel in part a of the figure illustrates a steady-state stimulation at a frequency of 20 Hz. Each vertical line 

corresponds to a stimulus. Below this is a voltage trace recorded from an EEG or MEG electrode. The amplitude of the signal 

is modulated by the stimulation frequency. The right-hand panel shows the spectral power of oscillations (indicated by the 

colour scale). A peak of spectral power that corresponds to the stimulation frequency (20 Hz) and a harmonic response at 

40 Hz are shown. Steady-state evoked potentials can probe the ability of neuronal networks to generate and maintain 

oscillatory activity in different frequency bands.

Measuring evoked and induced oscillatory activity

Evoked oscillations occur at a consistent time lag after the onset of an external event and can be identified by averaging 

the responses of several trials. By contrast, induced oscillations are not locked to the onset of a stimulus. Analysis of 

induced oscillations must therefore be performed on a single-trial basis because averaging across trials would cancel out 

oscillations owing to random phase shifts. The top left panel of part b of the figure shows the EEG or MEG signal recorded 

across individual trials and the average of the signal across trials (the event-related potential (ERP) or event-related field 

(ERF)). The bottom left panel is a time–frequency map of the ERP/ERF, showing the spectral power (indicated by the colour 

scale). The peak of spectral power corresponds to the onset of the evoked oscillations. The top right panel shows three 

single-trial time–frequency maps. This reveals two peaks of spectral power, corresponding to the evoked and the induced 

oscillations. The bottom right panel shows an average of the single-trial time–frequency maps.

Evoked and induced oscillations thus reflect different aspects of information processing in cortical networks. Owing to 

its close temporal relationship with the incoming stimulus, evoked activity reflects bottom-up sensory transmission. 

Induced oscillations represent the internal dynamics of cortical networks and have been related to higher cognitive 

functions. Images courtesy of F. Roux, Max-Planck Institute for Brain Research, Frankfurt am Main, Germany.
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Phonological processing and the STS. Beyond 
the earliest stages of speech recognition, there 
is accumulating evidence and a convergence 
of opinion that portions of the STS are 
important for representing and/or processing 
phonological information6,16,26,42,51. The STS is 
activated by language tasks that require access 
to phonological information, including both 
the perception and production of speech51, 
and during active maintenance of phonemic 
information52,53. Portions of the STS seem 
to be relatively selective for acoustic signals 
that contain phonemic information when 
compared with complex non-speech signals 
(FIG. 3a). STS activation can be modulated 
by the manipulation of psycholinguistic 
variables that tap phonological networks54, 
such as phonological neighbourhood density 
(the number of words that sound similar to a 
target word) (FIG. 3b). Thus, a range of studies 
converge on the STS as a site that is crucial to 
phonological-level processes. Although many 
authors consider this system to be strongly 
left dominant, both lesion and imaging (FIG. 3) 
evidence suggest a bilateral organization with 
perhaps a mild leftward bias.

A number of studies have found activa-
tion during speech processing in anterior 
portions of the STS13,27,29,30, leading to 
suggestions that these regions have an 
important and, according to some papers, 
exclusive role in ventral stream phonological 
processes55. This is in contrast to the typical 
view that posterior areas form the primary 
projection targets of the ventral stream5,6. 
However, many of the studies that high-
lighted anterior regions used sentence- or 

narrative-level stimuli contrasted against 
a low-level auditory control. It is therefore 
impossible to determine which levels of 
language processing underlie these activa-
tions. Furthermore, several recent functional 
imaging studies have implicated anterior 
temporal regions in sentence-level process-
ing56–60, suggesting that syntactic or combi-
natorial processes might drive much of the 
anterior temporal activation. In addition, 
the claim that posterior STS regions are not 
part of the ventral stream is dubious given 
the extensive evidence that left posterior 
temporal lobe disruption leads to auditory 
comprehension deficits6,61,62. It is possible 
that the ventral projection pathways extend 
both posteriorly and anteriorly30. We suggest 
that the crucial portion of the STS that is 
involved in phonological-level processes is 
bounded anteriorly by the most anterolateral 
aspect of Heschl’s gyrus and posteriorly by 
the posterior-most extent of the Sylvian 
fissure. This corresponds to the distribution 
of activation for ‘phonological’ processing, 
depicted in FIG. 3.

Lexical, semantic and grammatical link-
ages. Much research on speech perception 
seeks to understand processes that lead to 
the access of phonological codes. However, 
during auditory comprehension, the goal 
of speech processing is to use these codes 
to access higher-level representations that 
are vital to comprehension. There is strong 
evidence that posterior middle temporal 
regions are involved in accessing lexical 
and semantic information. However, there 

is debate about whether other anterior 
temporal lobe (ATL) regions also participate 
in lexical and semantic processing, and 
whether they might contribute to gram-
matical or compositional aspects of speech 
processing.

Damage to posterior temporal lobe 
regions, particularly along the middle 
temporal gyrus, has long been associated 
with auditory comprehension deficits61,63,64, 
an effect that was recently confirmed in a 
large-scale study involving 101 patients61. 
Data from direct cortical stimulation studies 
corroborate the involvement of the middle 
temporal gyrus in auditory comprehension, 
but also indicate a much broader network 
involving most of the superior temporal 
lobe (including anterior portions), and the 
inferior frontal lobe65. Functional imaging 
studies have also implicated posterior mid-
dle temporal regions in lexical semantic 
processing66–68. These findings do not 
preclude the involvement of more anterior 
regions in lexical semantic access, but they 
do make a strong case for the dominance 
of posterior regions in these processes. We 
suggested previously that posterior middle 
temporal regions supported lexical and 
semantic access in the form of a sound-to-
meaning interface network5,6. According 
to this hypothesis, semantic information is 
represented in a highly distributed fashion 
throughout the cortex69, and middle pos-
terior temporal regions are involved in the 
mapping between phonological representa-
tions in the STS and widely distributed 
semantic representations. Most of the 
evidence reviewed above indicates a left-
dominant organization for this middle tem-
poral gyrus network. However, the finding 
that the right hemisphere can comprehend 
words reasonably well suggests that there is 
some degree of bilateral capability in lexical 
and semantic access, but that there are per-
haps some differences in the computations 
that are carried out in each hemisphere.

ATL regions have been implicated in both 
lexical/semantic and sentence-level process-
ing (syntactic and semantic integration 
processes). Patients with semantic dementia 
have atrophy involving the ATL bilaterally, 
along with deficits on lexical tasks such as 
naming, semantic association and single-
word comprehension70 , which has been used 
to argue for a lexical or semantic function for 
the ATL29,30. However, these deficits might 
be more general, given that the atrophy 
involves a number of regions in addition to 
the lateral ATL, including the bilateral inferior 
and medial temporal lobe, bilateral caudate 
nucleus and right posterior thalamus, among 

Figure 2 | Parallel routes in the mapping from acoustic input to lexical phonological repre-
sentations. The figure depicts one characterization of the computational properties of the pathways. 
One pathway samples acoustic input at a relatively fast rate (gamma range) that is appropriate for 
resolving segment-level information, and may be instantiated in both hemispheres. The other pathway 
samples acoustic input at a slower rate (theta range) that is appropriate for resolving syllable level 
information, and may be more strongly represented in the right hemisphere. Under normal circum-
stances these pathways interact, both within and between hemispheres, yet each appears capable of 
separately activating lexical phonological networks. Other hypotheses for the computational 
properties of the two routes exist.
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•θ帯域のevoked oscillationを指標とした際に音声
条件および純音条件の間で有意差を認める。

•音声と純音は音節レベルで区別されている？
•Evoked oscillation→比較的低次の処理機構が関与？
•現段階では空間的な推移は不明である。
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[Induced oscillation]
•θ帯域、γ帯域にて有意な所見は今のところ得られていない。

[Evoked oscillation]
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• 7Hzおよび8Hzにおいて条件間で有意差を認める。以下は7Hzについての結果である。

(P-value) P<0.05は白抜き
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健常者における音声認知に関するneural oscillation
平野昭吾1,2　中村一太1　上野雄文1　鬼塚俊明1　神庭重信1

1. 九州大学大学院 医学研究院 精神病態医学
2. 医療法人社団豊永会 飯塚記念病院

【背景】
これまでの研究から、頭皮・脳表面から記録される種々の周波数帯域の電気活動同
期が、脳の認知過程における情報統合において重要な役割を果たしていると考えら
れている。健常者では知覚刺激そのものに対してだけではなく、刺激の内容によっ
て同期活動の変化が認められることが報告されている(Uhlhaas and Singer, 
2010)。同期活動は刺激呈示のタイミングとの同期性によりevoked oscillationと
induced oscillationに分けられ、evoked oscillationは入力された情報と記憶内容
との照合に、induced oscillationは刺激の内容や判断といった、より高次の情報処
理に関連していると想定されている(Herrmann et al., 2004)。一方、統合失調症に
おいては、脳の微細な神経回路の障害が存在すると考えられている。同期活動は抑
制系神経回路に関係があるとされており、同期活動は統合失調症における脳の微細
な神経回路の障害を解明する重要な手掛かりになると考えられる。

　我々の先行研究
(Hirano et al., 2008)
では、言語音（母音
「あ」）および非言語
音刺激（2000Hzの純
音）を呈示し、健常
者・統合失調症患者の

刺激に対する一次聴覚野およびその周囲における20-45Hz帯域活動を検索した。こ
の研究においては健常者と統合失調症者では比較的早期（刺激提示後150ミリ秒以
内）の20-45Hz帯域evoked oscillationのパターンが異なっていることが示され
た。この結果は声に対する20-45Hzのevoked oscillationの異常に示されるような
神経回路の異常が統合失調症患者に存在することを示唆している。しかし、我々の
研究では受動的な聴覚認知に関わる一次聴覚野周囲の比較的局在的な同期活動を検
討したに過ぎない。

 

【目的】
今回の研究の目的は我々の先行研究を更に発展させ、聴覚刺激判別におけ
る神経同期活動のパターンを全頭型脳磁計を用いて検索することにある。
1. 健常者において聴覚刺激判別課題を行わせた際の神経活動をneural 
oscillationを指標として検索する。

2. 1.で得られた結果について統合失調症患者群について検討する。
【方法】
（被験者）健常者20名
（記録）九州大学病院ブレインセンター内306チャンネル脳磁計
（聴覚刺激）聴覚刺激判別課題
　音声条件

　
　純音条件

（刺激呈示および被験者への指示）
• 刺激強度: 70dB SPL
• Windows XPをOSとしたPC内に保存された音声および純音ファイルを刺激呈示プログラム
Stim2を用いて上記の条件にて呈示する。
• 聴覚刺激はPCより出力され、プリメインアンプにて増幅されシールドルーム内のスピー
カー、ビニールチューブを経て両外耳道へ呈示される。
• 上記の課題は100回呈示され(100課題=1セッション)、音声条件および純音条件のセッショ
ンは2セッションずつ、合計4セッション呈示される。セッションの順は被験者毎にランダム
に変更する。
• 被験者はシールドルーム内で座位を保持し、出来るだけ素早く下記の指示に従ってボタンを押
すように指示される。
• 2つの音声セッションのうち、片方のセッションでは第1音と第2音が同じ時にボタンを押
し、違うときは何もしない、もう一方のセッションでは第1音と第2音が違う時にボタンを押
し、同じときは何もしないように指示される。純音の2セッションも同様である。

（記録）
•サンプリング周波数: 1000Hz
•バンドパスフィルタ: 0.1~330Hz

あ or お あ or お
200ms 200ms

1000ms

+

500ms 1.5s~2.5s ボタン押し

【データ解析】
•誘発磁場波形は第1音の開始時刻を基準として、基準の前1500ミリ秒、基準の後2500ミリ秒
を1試行とした。また、ベースラインは基準の800ミリ秒前から700ミリ秒前の区間とした。
• 各試行に対しウェーブレット変換を用いた時間周波数解析を行い、下図のようにevoked 
oscillationおよびinduced oscillationを計算した。
• データ解析および作図には、MATLABおよびMATLAB上で動作する脳波および脳磁図データ
解析用のオープンソースソフトウェアであるFieldTrip(http://fieldtrip.fcdonders.nl/にて入
手可能)を用いた。

【結果】
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study41 showed a reduction in evoked gamma-band 
activity during an auditory oddball paradigm in medi-
cation-naive first-episode patients with schizophrenia. 
In addition, several studies have reported abnormalities  

in the amplitude and phase of gamma-band oscillations in  
patients who were treated only for a brief period with 
antipsychotic medication27,51. Thus these data suggest that 
dysfunctions in neural oscillations and synchronization are 

Box 1 | Measuring neural oscillations in EEG and MEG signals

To measure the amplitude and synchrony of oscillations in electroencephalography (EEG) and magnetoencephalography 

(MEG) data the electrophysiological signal must be transformed into the frequency domain136. Measures of the amplitude 

of oscillations can be further differentiated into steady-state evoked potentials as well as evoked and induced components.

Measurement of steady-state evoked potentials

The left panel in part a of the figure illustrates a steady-state stimulation at a frequency of 20 Hz. Each vertical line 

corresponds to a stimulus. Below this is a voltage trace recorded from an EEG or MEG electrode. The amplitude of the signal 

is modulated by the stimulation frequency. The right-hand panel shows the spectral power of oscillations (indicated by the 

colour scale). A peak of spectral power that corresponds to the stimulation frequency (20 Hz) and a harmonic response at 

40 Hz are shown. Steady-state evoked potentials can probe the ability of neuronal networks to generate and maintain 

oscillatory activity in different frequency bands.

Measuring evoked and induced oscillatory activity

Evoked oscillations occur at a consistent time lag after the onset of an external event and can be identified by averaging 

the responses of several trials. By contrast, induced oscillations are not locked to the onset of a stimulus. Analysis of 

induced oscillations must therefore be performed on a single-trial basis because averaging across trials would cancel out 

oscillations owing to random phase shifts. The top left panel of part b of the figure shows the EEG or MEG signal recorded 

across individual trials and the average of the signal across trials (the event-related potential (ERP) or event-related field 

(ERF)). The bottom left panel is a time–frequency map of the ERP/ERF, showing the spectral power (indicated by the colour 

scale). The peak of spectral power corresponds to the onset of the evoked oscillations. The top right panel shows three 

single-trial time–frequency maps. This reveals two peaks of spectral power, corresponding to the evoked and the induced 

oscillations. The bottom right panel shows an average of the single-trial time–frequency maps.

Evoked and induced oscillations thus reflect different aspects of information processing in cortical networks. Owing to 

its close temporal relationship with the incoming stimulus, evoked activity reflects bottom-up sensory transmission. 

Induced oscillations represent the internal dynamics of cortical networks and have been related to higher cognitive 

functions. Images courtesy of F. Roux, Max-Planck Institute for Brain Research, Frankfurt am Main, Germany.
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Phonological processing and the STS. Beyond 
the earliest stages of speech recognition, there 
is accumulating evidence and a convergence 
of opinion that portions of the STS are 
important for representing and/or processing 
phonological information6,16,26,42,51. The STS is 
activated by language tasks that require access 
to phonological information, including both 
the perception and production of speech51, 
and during active maintenance of phonemic 
information52,53. Portions of the STS seem 
to be relatively selective for acoustic signals 
that contain phonemic information when 
compared with complex non-speech signals 
(FIG. 3a). STS activation can be modulated 
by the manipulation of psycholinguistic 
variables that tap phonological networks54, 
such as phonological neighbourhood density 
(the number of words that sound similar to a 
target word) (FIG. 3b). Thus, a range of studies 
converge on the STS as a site that is crucial to 
phonological-level processes. Although many 
authors consider this system to be strongly 
left dominant, both lesion and imaging (FIG. 3) 
evidence suggest a bilateral organization with 
perhaps a mild leftward bias.

A number of studies have found activa-
tion during speech processing in anterior 
portions of the STS13,27,29,30, leading to 
suggestions that these regions have an 
important and, according to some papers, 
exclusive role in ventral stream phonological 
processes55. This is in contrast to the typical 
view that posterior areas form the primary 
projection targets of the ventral stream5,6. 
However, many of the studies that high-
lighted anterior regions used sentence- or 

narrative-level stimuli contrasted against 
a low-level auditory control. It is therefore 
impossible to determine which levels of 
language processing underlie these activa-
tions. Furthermore, several recent functional 
imaging studies have implicated anterior 
temporal regions in sentence-level process-
ing56–60, suggesting that syntactic or combi-
natorial processes might drive much of the 
anterior temporal activation. In addition, 
the claim that posterior STS regions are not 
part of the ventral stream is dubious given 
the extensive evidence that left posterior 
temporal lobe disruption leads to auditory 
comprehension deficits6,61,62. It is possible 
that the ventral projection pathways extend 
both posteriorly and anteriorly30. We suggest 
that the crucial portion of the STS that is 
involved in phonological-level processes is 
bounded anteriorly by the most anterolateral 
aspect of Heschl’s gyrus and posteriorly by 
the posterior-most extent of the Sylvian 
fissure. This corresponds to the distribution 
of activation for ‘phonological’ processing, 
depicted in FIG. 3.

Lexical, semantic and grammatical link-
ages. Much research on speech perception 
seeks to understand processes that lead to 
the access of phonological codes. However, 
during auditory comprehension, the goal 
of speech processing is to use these codes 
to access higher-level representations that 
are vital to comprehension. There is strong 
evidence that posterior middle temporal 
regions are involved in accessing lexical 
and semantic information. However, there 

is debate about whether other anterior 
temporal lobe (ATL) regions also participate 
in lexical and semantic processing, and 
whether they might contribute to gram-
matical or compositional aspects of speech 
processing.

Damage to posterior temporal lobe 
regions, particularly along the middle 
temporal gyrus, has long been associated 
with auditory comprehension deficits61,63,64, 
an effect that was recently confirmed in a 
large-scale study involving 101 patients61. 
Data from direct cortical stimulation studies 
corroborate the involvement of the middle 
temporal gyrus in auditory comprehension, 
but also indicate a much broader network 
involving most of the superior temporal 
lobe (including anterior portions), and the 
inferior frontal lobe65. Functional imaging 
studies have also implicated posterior mid-
dle temporal regions in lexical semantic 
processing66–68. These findings do not 
preclude the involvement of more anterior 
regions in lexical semantic access, but they 
do make a strong case for the dominance 
of posterior regions in these processes. We 
suggested previously that posterior middle 
temporal regions supported lexical and 
semantic access in the form of a sound-to-
meaning interface network5,6. According 
to this hypothesis, semantic information is 
represented in a highly distributed fashion 
throughout the cortex69, and middle pos-
terior temporal regions are involved in the 
mapping between phonological representa-
tions in the STS and widely distributed 
semantic representations. Most of the 
evidence reviewed above indicates a left-
dominant organization for this middle tem-
poral gyrus network. However, the finding 
that the right hemisphere can comprehend 
words reasonably well suggests that there is 
some degree of bilateral capability in lexical 
and semantic access, but that there are per-
haps some differences in the computations 
that are carried out in each hemisphere.

ATL regions have been implicated in both 
lexical/semantic and sentence-level process-
ing (syntactic and semantic integration 
processes). Patients with semantic dementia 
have atrophy involving the ATL bilaterally, 
along with deficits on lexical tasks such as 
naming, semantic association and single-
word comprehension70 , which has been used 
to argue for a lexical or semantic function for 
the ATL29,30. However, these deficits might 
be more general, given that the atrophy 
involves a number of regions in addition to 
the lateral ATL, including the bilateral inferior 
and medial temporal lobe, bilateral caudate 
nucleus and right posterior thalamus, among 

Figure 2 | Parallel routes in the mapping from acoustic input to lexical phonological repre-
sentations. The figure depicts one characterization of the computational properties of the pathways. 
One pathway samples acoustic input at a relatively fast rate (gamma range) that is appropriate for 
resolving segment-level information, and may be instantiated in both hemispheres. The other pathway 
samples acoustic input at a slower rate (theta range) that is appropriate for resolving syllable level 
information, and may be more strongly represented in the right hemisphere. Under normal circum-
stances these pathways interact, both within and between hemispheres, yet each appears capable of 
separately activating lexical phonological networks. Other hypotheses for the computational 
properties of the two routes exist.
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•θ帯域のevoked oscillationを指標とした際に音声
条件および純音条件の間で有意差を認める。

•音声と純音は音節レベルで区別されている？
•Evoked oscillation→比較的低次の処理機構が関与？
•現段階では空間的な推移は不明である。
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[Induced oscillation]
•θ帯域、γ帯域にて有意な所見は今のところ得られていない。

[Evoked oscillation]
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• 7Hzおよび8Hzにおいて条件間で有意差を認める。以下は7Hzについての結果である。

(P-value) P<0.05は白抜き
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健常者における音声認知に関するneural oscillation
平野昭吾1,2　中村一太1　上野雄文1　鬼塚俊明1　神庭重信1

1. 九州大学大学院 医学研究院 精神病態医学
2. 医療法人社団豊永会 飯塚記念病院

【背景】
これまでの研究から、頭皮・脳表面から記録される種々の周波数帯域の電気活動同
期が、脳の認知過程における情報統合において重要な役割を果たしていると考えら
れている。健常者では知覚刺激そのものに対してだけではなく、刺激の内容によっ
て同期活動の変化が認められることが報告されている(Uhlhaas and Singer, 
2010)。同期活動は刺激呈示のタイミングとの同期性によりevoked oscillationと
induced oscillationに分けられ、evoked oscillationは入力された情報と記憶内容
との照合に、induced oscillationは刺激の内容や判断といった、より高次の情報処
理に関連していると想定されている(Herrmann et al., 2004)。一方、統合失調症に
おいては、脳の微細な神経回路の障害が存在すると考えられている。同期活動は抑
制系神経回路に関係があるとされており、同期活動は統合失調症における脳の微細
な神経回路の障害を解明する重要な手掛かりになると考えられる。

　我々の先行研究
(Hirano et al., 2008)
では、言語音（母音
「あ」）および非言語
音刺激（2000Hzの純
音）を呈示し、健常
者・統合失調症患者の

刺激に対する一次聴覚野およびその周囲における20-45Hz帯域活動を検索した。こ
の研究においては健常者と統合失調症者では比較的早期（刺激提示後150ミリ秒以
内）の20-45Hz帯域evoked oscillationのパターンが異なっていることが示され
た。この結果は声に対する20-45Hzのevoked oscillationの異常に示されるような
神経回路の異常が統合失調症患者に存在することを示唆している。しかし、我々の
研究では受動的な聴覚認知に関わる一次聴覚野周囲の比較的局在的な同期活動を検
討したに過ぎない。

 

【目的】
今回の研究の目的は我々の先行研究を更に発展させ、聴覚刺激判別におけ
る神経同期活動のパターンを全頭型脳磁計を用いて検索することにある。
1. 健常者において聴覚刺激判別課題を行わせた際の神経活動をneural 
oscillationを指標として検索する。

2. 1.で得られた結果について統合失調症患者群について検討する。
【方法】
（被験者）健常者20名
（記録）九州大学病院ブレインセンター内306チャンネル脳磁計
（聴覚刺激）聴覚刺激判別課題
　音声条件

　
　純音条件

（刺激呈示および被験者への指示）
• 刺激強度: 70dB SPL
• Windows XPをOSとしたPC内に保存された音声および純音ファイルを刺激呈示プログラム
Stim2を用いて上記の条件にて呈示する。
• 聴覚刺激はPCより出力され、プリメインアンプにて増幅されシールドルーム内のスピー
カー、ビニールチューブを経て両外耳道へ呈示される。
• 上記の課題は100回呈示され(100課題=1セッション)、音声条件および純音条件のセッショ
ンは2セッションずつ、合計4セッション呈示される。セッションの順は被験者毎にランダム
に変更する。
• 被験者はシールドルーム内で座位を保持し、出来るだけ素早く下記の指示に従ってボタンを押
すように指示される。
• 2つの音声セッションのうち、片方のセッションでは第1音と第2音が同じ時にボタンを押
し、違うときは何もしない、もう一方のセッションでは第1音と第2音が違う時にボタンを押
し、同じときは何もしないように指示される。純音の2セッションも同様である。

（記録）
•サンプリング周波数: 1000Hz
•バンドパスフィルタ: 0.1~330Hz

あ or お あ or お
200ms 200ms

1000ms

+

500ms 1.5s~2.5s ボタン押し

【データ解析】
•誘発磁場波形は第1音の開始時刻を基準として、基準の前1500ミリ秒、基準の後2500ミリ秒
を1試行とした。また、ベースラインは基準の800ミリ秒前から700ミリ秒前の区間とした。
• 各試行に対しウェーブレット変換を用いた時間周波数解析を行い、下図のようにevoked 
oscillationおよびinduced oscillationを計算した。
• データ解析および作図には、MATLABおよびMATLAB上で動作する脳波および脳磁図データ
解析用のオープンソースソフトウェアであるFieldTrip(http://fieldtrip.fcdonders.nl/にて入
手可能)を用いた。

【結果】

【まとめ】

465Hz or
1220Hz

465Hz or
1220Hz

200ms 200ms

1000ms

+

500ms 1.5s~2.5s ボタン押し

Uhlhaas et al, Nat Rev Neurosci 2010;11:100-113.より引用
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study41 showed a reduction in evoked gamma-band 
activity during an auditory oddball paradigm in medi-
cation-naive first-episode patients with schizophrenia. 
In addition, several studies have reported abnormalities  

in the amplitude and phase of gamma-band oscillations in  
patients who were treated only for a brief period with 
antipsychotic medication27,51. Thus these data suggest that 
dysfunctions in neural oscillations and synchronization are 

Box 1 | Measuring neural oscillations in EEG and MEG signals

To measure the amplitude and synchrony of oscillations in electroencephalography (EEG) and magnetoencephalography 

(MEG) data the electrophysiological signal must be transformed into the frequency domain136. Measures of the amplitude 

of oscillations can be further differentiated into steady-state evoked potentials as well as evoked and induced components.

Measurement of steady-state evoked potentials

The left panel in part a of the figure illustrates a steady-state stimulation at a frequency of 20 Hz. Each vertical line 

corresponds to a stimulus. Below this is a voltage trace recorded from an EEG or MEG electrode. The amplitude of the signal 

is modulated by the stimulation frequency. The right-hand panel shows the spectral power of oscillations (indicated by the 

colour scale). A peak of spectral power that corresponds to the stimulation frequency (20 Hz) and a harmonic response at 

40 Hz are shown. Steady-state evoked potentials can probe the ability of neuronal networks to generate and maintain 

oscillatory activity in different frequency bands.

Measuring evoked and induced oscillatory activity

Evoked oscillations occur at a consistent time lag after the onset of an external event and can be identified by averaging 

the responses of several trials. By contrast, induced oscillations are not locked to the onset of a stimulus. Analysis of 

induced oscillations must therefore be performed on a single-trial basis because averaging across trials would cancel out 

oscillations owing to random phase shifts. The top left panel of part b of the figure shows the EEG or MEG signal recorded 

across individual trials and the average of the signal across trials (the event-related potential (ERP) or event-related field 

(ERF)). The bottom left panel is a time–frequency map of the ERP/ERF, showing the spectral power (indicated by the colour 

scale). The peak of spectral power corresponds to the onset of the evoked oscillations. The top right panel shows three 

single-trial time–frequency maps. This reveals two peaks of spectral power, corresponding to the evoked and the induced 

oscillations. The bottom right panel shows an average of the single-trial time–frequency maps.

Evoked and induced oscillations thus reflect different aspects of information processing in cortical networks. Owing to 

its close temporal relationship with the incoming stimulus, evoked activity reflects bottom-up sensory transmission. 

Induced oscillations represent the internal dynamics of cortical networks and have been related to higher cognitive 

functions. Images courtesy of F. Roux, Max-Planck Institute for Brain Research, Frankfurt am Main, Germany.
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Lexical phonological network
(bilateral)

Syllable-level representationsSegment-level representations

Gamma-range sampling network
(bilateral?)

Theta-range sampling network
(right dominant)

Acoustic input

Phonological processing and the STS. Beyond 
the earliest stages of speech recognition, there 
is accumulating evidence and a convergence 
of opinion that portions of the STS are 
important for representing and/or processing 
phonological information6,16,26,42,51. The STS is 
activated by language tasks that require access 
to phonological information, including both 
the perception and production of speech51, 
and during active maintenance of phonemic 
information52,53. Portions of the STS seem 
to be relatively selective for acoustic signals 
that contain phonemic information when 
compared with complex non-speech signals 
(FIG. 3a). STS activation can be modulated 
by the manipulation of psycholinguistic 
variables that tap phonological networks54, 
such as phonological neighbourhood density 
(the number of words that sound similar to a 
target word) (FIG. 3b). Thus, a range of studies 
converge on the STS as a site that is crucial to 
phonological-level processes. Although many 
authors consider this system to be strongly 
left dominant, both lesion and imaging (FIG. 3) 
evidence suggest a bilateral organization with 
perhaps a mild leftward bias.

A number of studies have found activa-
tion during speech processing in anterior 
portions of the STS13,27,29,30, leading to 
suggestions that these regions have an 
important and, according to some papers, 
exclusive role in ventral stream phonological 
processes55. This is in contrast to the typical 
view that posterior areas form the primary 
projection targets of the ventral stream5,6. 
However, many of the studies that high-
lighted anterior regions used sentence- or 

narrative-level stimuli contrasted against 
a low-level auditory control. It is therefore 
impossible to determine which levels of 
language processing underlie these activa-
tions. Furthermore, several recent functional 
imaging studies have implicated anterior 
temporal regions in sentence-level process-
ing56–60, suggesting that syntactic or combi-
natorial processes might drive much of the 
anterior temporal activation. In addition, 
the claim that posterior STS regions are not 
part of the ventral stream is dubious given 
the extensive evidence that left posterior 
temporal lobe disruption leads to auditory 
comprehension deficits6,61,62. It is possible 
that the ventral projection pathways extend 
both posteriorly and anteriorly30. We suggest 
that the crucial portion of the STS that is 
involved in phonological-level processes is 
bounded anteriorly by the most anterolateral 
aspect of Heschl’s gyrus and posteriorly by 
the posterior-most extent of the Sylvian 
fissure. This corresponds to the distribution 
of activation for ‘phonological’ processing, 
depicted in FIG. 3.

Lexical, semantic and grammatical link-
ages. Much research on speech perception 
seeks to understand processes that lead to 
the access of phonological codes. However, 
during auditory comprehension, the goal 
of speech processing is to use these codes 
to access higher-level representations that 
are vital to comprehension. There is strong 
evidence that posterior middle temporal 
regions are involved in accessing lexical 
and semantic information. However, there 

is debate about whether other anterior 
temporal lobe (ATL) regions also participate 
in lexical and semantic processing, and 
whether they might contribute to gram-
matical or compositional aspects of speech 
processing.

Damage to posterior temporal lobe 
regions, particularly along the middle 
temporal gyrus, has long been associated 
with auditory comprehension deficits61,63,64, 
an effect that was recently confirmed in a 
large-scale study involving 101 patients61. 
Data from direct cortical stimulation studies 
corroborate the involvement of the middle 
temporal gyrus in auditory comprehension, 
but also indicate a much broader network 
involving most of the superior temporal 
lobe (including anterior portions), and the 
inferior frontal lobe65. Functional imaging 
studies have also implicated posterior mid-
dle temporal regions in lexical semantic 
processing66–68. These findings do not 
preclude the involvement of more anterior 
regions in lexical semantic access, but they 
do make a strong case for the dominance 
of posterior regions in these processes. We 
suggested previously that posterior middle 
temporal regions supported lexical and 
semantic access in the form of a sound-to-
meaning interface network5,6. According 
to this hypothesis, semantic information is 
represented in a highly distributed fashion 
throughout the cortex69, and middle pos-
terior temporal regions are involved in the 
mapping between phonological representa-
tions in the STS and widely distributed 
semantic representations. Most of the 
evidence reviewed above indicates a left-
dominant organization for this middle tem-
poral gyrus network. However, the finding 
that the right hemisphere can comprehend 
words reasonably well suggests that there is 
some degree of bilateral capability in lexical 
and semantic access, but that there are per-
haps some differences in the computations 
that are carried out in each hemisphere.

ATL regions have been implicated in both 
lexical/semantic and sentence-level process-
ing (syntactic and semantic integration 
processes). Patients with semantic dementia 
have atrophy involving the ATL bilaterally, 
along with deficits on lexical tasks such as 
naming, semantic association and single-
word comprehension70 , which has been used 
to argue for a lexical or semantic function for 
the ATL29,30. However, these deficits might 
be more general, given that the atrophy 
involves a number of regions in addition to 
the lateral ATL, including the bilateral inferior 
and medial temporal lobe, bilateral caudate 
nucleus and right posterior thalamus, among 

Figure 2 | Parallel routes in the mapping from acoustic input to lexical phonological repre-
sentations. The figure depicts one characterization of the computational properties of the pathways. 
One pathway samples acoustic input at a relatively fast rate (gamma range) that is appropriate for 
resolving segment-level information, and may be instantiated in both hemispheres. The other pathway 
samples acoustic input at a slower rate (theta range) that is appropriate for resolving syllable level 
information, and may be more strongly represented in the right hemisphere. Under normal circum-
stances these pathways interact, both within and between hemispheres, yet each appears capable of 
separately activating lexical phonological networks. Other hypotheses for the computational 
properties of the two routes exist.
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•θ帯域のevoked oscillationを指標とした際に音声
条件および純音条件の間で有意差を認める。

•音声と純音は音節レベルで区別されている？
•Evoked oscillation→比較的低次の処理機構が関与？
•現段階では空間的な推移は不明である。
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•θ帯域、γ帯域にて有意な所見は今のところ得られていない。

[Evoked oscillation]

100-200msec0-100msec 200-300msec 300-400msec

500-600msec400-500msec 600-700msec 700-800msec

900-1000msec800-900msec 1000-1100msec 1100-1200msec

1300-1400msec1200-1300msec 1400-1500msec

(音声条件)

(純音条件)

100-200msec0-100msec 200-300msec 300-400msec

500-600msec400-500msec 600-700msec 700-800msec

900-1000msec800-900msec 1000-1100msec 1100-1200msec

1300-1400msec1200-1300msec 1400-1500msec

(音声条件-純音条件)

100-200msec0-100msec 200-300msec 300-400msec

500-600msec400-500msec 600-700msec 700-800msec

900-1000msec800-900msec 1000-1100msec 1100-1200msec

1300-1400msec1200-1300msec 1400-1500msec

100-200msec0-100msec 200-300msec 300-400msec

500-600msec400-500msec 600-700msec 700-800msec

900-1000msec800-900msec 1000-1100msec 1100-1200msec

1300-1400msec1200-1300msec 1400-1500msec

• 7Hzおよび8Hzにおいて条件間で有意差を認める。以下は7Hzについての結果である。
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