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Abstract

Hiroyuki Okada

Newly-developed PET-based health promotion for elderly people:
Demonstration of early detection of cancer and senile dementia and
study on brain activation in elderly people by inaudible high-frequency sound

This doctoral thesis describes my work with the aims of reducing the number of cancer
and senile dementia patients and increasing the number of healthy elderly people. Japan is
greying at an unprecedented rate and the proportion of the population aged 65 and over
will reach 40% in 50 years. The national health care cost, 70% of which will be spent on
cancer and senile dementia treatment of these elderly people, will account for more than
10% of the national gross income. The number of patients of these diseases is sharply
rising these days and thus prompt countermeasures against it are urgent necessity.
Although it is known that early detection of the diseases is crucial for their effective
treatment, the examination rates in Japan are only half of those of the global standard. In
this work, to alleviate the soaring medical expenses and the reducing tax revenues caused
by Japan’s aging population combined with decreasing birth rate, | conducted research and
business activities related to PET (Positron Emission Tomography) as follows: | developed
new PET, played a major role in founding Hamamatsu Medical Imaging Center affliliated
with Hamamatsu Medical Photonics Foundation and then have been managing the center
against cancer and senile dementia. | studied brain activation in elderly people by inaudible
high-frequency sound to increase the number of healthy elderly people. | constructed a
business model for sustainable development of the center.

| developed new PET based on ergonomically comfortable designs in which an
examinee is able to be in a sitting position. | have been in charge of creating concept, basic
and implementation designs of PET in Hamamatsu Photonics for many years. This
experience led me to think of changing the design of the examinee’s position during PET
examination. Conventionally, the examinee is lying on the bed during PET examination,
though it is reasonable to assume that the examinee should be in an active state or a
natural position during the examination. Thus, | developed PET for imaging of the human
head and animals in which a human or an animal is able to be in a sitting or a standing
position. The firstly developed PET, on which | obtained many patents, has gained a high



reputation among researchers. The reputation spread by word of mouth has yielded many
national and international collaborative research requests.

To prevent diseases using the new PET, | played a major role in establishing Hamamatsu
Medical Imaging Center affliliated with Hamamatsu Medical Photonics Foundation for
diagnosis and clinical studies. This start-up organization as another corporate body
founded by a PET manufacturing company raised high expectations from home and
abroad because the Japanese law prohibits a private company from being involved in
medical activities.

| confirmed that whole body imaging using the new PET promotes early detection of
cancer and senile dementia. The PET was used for imaging hyper-metabolic activities of
glucose (an energy source of biological activities) for cancer detection and glucose
metabolic activities and decrease in cerebral blood flow for senile dementia detection. The
early detection capability of the PET combined with other image diagnoses was estimated
to reduce 50% of cancer mortality rate and 10% of the medical expenses spent on cancer
treatment. This estimate was led by a five-year survey in corporation with recruited 1,200
employees in my company. This survey attracted much attention from home and abroad
because it is the first prospective cohort study of cancer screening by PET. The database
obtained by the survey and a follow-up survey now contains valuable information. In
parallel, | established a new supporting method for early detection of senile dementia
based on brain activities database that has been updating.

Next, | applied the PET to study brain activation by inaudible high-frequency sound and
found that the activation occurs in the brain stem irrespective of the age of examinees.
Notably, this study is the first demonstration of the activation for elderly people. Inaudible
high-frequency sound is a sound with a frequency above 22 kHz. Although preceding
studies were performed on the brain activation by inaudible high-frequency sound, it is
difficult to perform further testing of these studies because the authors used Gamran music
or ambient sounds in a tropical rain forest as a sound source. To measure the activation
guantitatively, | built a system in which inaudible high-frequency sound is generated by a
commercial sound source incorporated into a high quality audio system. Brain imaging of
young, middle-aged and elderly examinees by PET using this system revealed that the
midbrain in the brain stem is the common activated position for all the examinees by music
with inaudible high-frequency sound.

| also found that music with inaudible high-frequency sound cheers up elderly people. |
conducted 17 month questionnaire survey of two groups of local elderly people, one of
which listened to music with inaudible high-frequency sound and another of which listened
to music without the sound. The groups underwent brain imaging with inaudible



high-frequency sound by PET and listened to the music before the survey. The survey
included questionnaires on POMS that investigates their feelings and on their past
individual activities. The results of the survey showed that the former group exhibited
significantly higher activities associated with cognitive neuroscience than the latter group.

The studies described in the earlier paragraphs validate capability of the the PET center to
promote health for elderly people. As a next step, | constructed a business model to realize
sustainable development of the PET center to provide prevention oriented healthcare
service. So far | had regarded the center as a carve-out organization and offered diagnosis
services for early detection of diseases. However, | concluded that the center should be
operated as a small, agile venture when providing healthcare services with elderly people.

In conclusion, | showed that all the research and business activities in this work contribute
to health promotion and lead to increase of healthy elderly people. In the near future, | will
restart the PET diagnosis center as a small, agile venture as designed in the business
model and gradually expand healthcare business, which will create new photonics
industries.
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Table 11.2 Properties of scintillaion crystals used in positron emission tomographic (PET) scanners

Nal(Tl) GSO:Ce SO:C LYSO:Ce LaBry
Density (gmyem®) 367 7.13 6.7 74 7.1 5.3 489
Effective atomic number (Z) S1 74 50 66 64 47 54
Linear attenuation coefficient (1/cm) 0,34 0,92 0.62 0.87 0.86 0.47 0.44
Light vield (% Nal[T1]) 100 15 30 75 75 160 5
Decay time (ns) 230 300 65 o0 40 41 16 08
Emission maximum (nm) 410 480 440 420 420 370 220
Hygroscopic Yes No No No No Yes Slightly
Photoclectric effect (%) 17 40 25 2 33 13 12
Refractive Index 1.85 2.15 1.85 1.82 1.81 1.88 1.56

Nal(T1y Thalliuvm activated sodium iodide crystal
BGO Bismuth germanate oxyorthosilicate

GSO:Ce Cenum doped gadolinium oxyorthosilicate
LSO:Ce Cernum doped Lutetium orthosilicate
LYSO:Ce Cenum doped lutetium yttnium orthosilicate
LaBr3:Ce Cenum doped lanthanum bromade

BaF2 Banum fluoride
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[@IC 60{@E5I L' >V Tt&Ees ZREak L. 16 ') V2 31 RS+ RC K DIREFI@REF 114mm,
BATDREF 330mm ¢ DARBFNEIRSNGL, B 2-2-4-2 [Z, R5900-C8 HH5i&Hes!)

TNDEEZTI,

=
I
l}
'
¥

2-2-4-2 PIBRBPEI XY )L/ N T — 28mm AR EFIEEE(R5900-C8)& 8X4 IC
EISNE BGO V1 R )UiEHES 1 — v F—1&HE8sEY a0 —)L—=1&H8s ) VT DINER
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COBREERRICEIDANAZOA YY)V, PHATFIREDDREREEEYF—F 17—
[CEESE D CTHIVERDEMER PET SHRINTEES /S D12, SHR-7700 DED—DDAE
BISRIZ. BEUSERE I DENTHRESN TNDIVIZATVERASA A UX =%
Aeh5ISEESEDEEEE L. 2 KytshRlICHZ T 3 RytstAlIETREE B> 2, TN
[CRDIEREEZ FODERE GHIE LT 6 B12E) THMESRNIECRZ. SLIK
SIRERE DRERICIL 2 RoTE— B, B STEEREDZEERIC L 3 RoTE— R EfEUNDIT,
ESUNNBZIBSICIIREERD 2 RITFBP (D1 )LA—RN\yOTJOY Oy 3 VBIgs
BEE) ICRDETANBEL TNDCEEDD oIZ, HEPIMNEETD 2 RytstRlICRIT DD
FREEE b —9 ) VRAEISWIBEANDRREE 2.6mm, AEHFRDAREE 3.3mm, ~—4)URE
84.2kcps/ 1 Cilml T&H . gHkdD SHR-2000 ENYIFE PET &8 & thEk U CofiREEZ 15%IMU
Ok, BEZN4BLOLSTDICENTERL

2-2-4-3 [, SHR-7700 ZfE o IZHILDOEERSKZT I,

2-2-4-3 SHR-7700 [CRDEVF—F 1 P —CBERIFIRES. WATHERIBINTEA
HEB(23) &AL\ T UK SRR S

SHR-7700 [Z2E0T 8 BELSEIN.ENR R =D 2 PET 24 —(3 UHERDOARZEHERD
MFERpER CTER U, FE. ZOR 2 BIEHEMBDAICI DT =T « D THSKREBE
KEIP IV DYV FURBICEHRESN, IRECHEFEASINTLS,

2-2-5 [£5 PET SHR-22000] (1993 H~1998 £F)

SETOENFIXOIESE PET BERDIFERZEN U T BIIX T + DB 2D XD
H[E T SHR-22000(B17 X T « DB PCT-4300W) =R8F UIT, SEM/R -2 PET 2
VA —IC5IEHRE. ERKIARO2EZ 1T DitiskZa 1996 FFICFRIIUIC, CDhBsR iRl
SRR S Z O ZADSEMTHBICES SN, SIFRRMEREATMNNES LU CL \ZEFASEEME
By —DNREZ2ETE U CEIFMEILTH¥E 0 5000 F(C PET 2@t E U CRERSN
2o CNITEMATR b 220 X REFFTPENBA T 1992 FFICBIER LIZ ENERZTEsREATN
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ZDORPET BV —-EBEL TR, PET VY —RBOTr20ROYEY T P—U
BOSEMERIR UZRRBARERNS YT« POBEREE FEXiRE UCERKRIAZ Z
TUTCERTEDIEFE UTIERTERZRRN SV AU —Y 3 ) UARIZERD U
[ZHEsR Ch oI,

C DIESRIC [FBFERZB RN SRS « 32D B8 CREHEERMS BN SBRINTE
SDEREEIRED PET £E& SHR-2400 HERBSN T\, HBFHSNAESDIENN AR
RBIE U TUEDN DAICKTT D525, tHFRMDB/ITIEEl PET MRDEES L C. £8 PET
EBOBADEHBEIN. SHR-22000 DEFFENEDH SNIZ,

SHR-22000 [ [d&HRD SHR-7700 CTEASNIZMIEBEEEE XS )V N/ T — 28mm £
BN EFIBBEDREDRBEDMEEZNE UIZ R8520-C12 MBS NEHESEY 1 —IU
BEDRGTBENZIFRONCR TRERESNCL, BIIXT v DDBHIIEFEDSIME
DT =L, T~ =885, VD~ P—DEDTHD., BRI~ XHYB
LI DHEHFEY 2 —)URUFRERETEBFE o THIFOESA PET OP TRDY 1 XD
BEREoE, M2-2-5-1 ICE B PET & SHR-22000 DANRET T, (24)

2-2-5-1 £5 PET %& SHR-22000 Dh&8

SHR-22000 (FERFESHEMERE > S —MiEs2EPADIICKE/ \D 1IN/ )LILHICH
DDA =V AAT 1 DI —0hEHBT BTN O T AR E —miRlCEsR LT
PET YA —ICR& (E!Rd SHR-22000Z & LT) . D ABEDZEXDERRIAZRIC
SERSNZ.

2-2-6 _[88EB PET SHR-12000) (1999 £~2002 £)

8820 PET SHR-2400 D#&#IE TdhHD SHR-12000(25, 26)%., 1999 FXDBIFLIZ,

98E0 PET &£ 8 PET D 2 BAHI TIINHN CEREAIEMEER VY —MEs2&FhIC
RIT D2 OEGRIATTUC R\ THEES PET ZEBDE5L EFCBHAFTDOMBHENS
SHR-7700 HEBEZN— R CH#R58E0 PET £& SHR-12000 Z8F LIS,

SHR-12000 (&, ERNSEASN TVDRIBIEEEXS)V/ N\ T —IMNBEFEBE S
BGO Y VF L —HDMAHEEORS 1 XD XA—FBEMEIREICKD 2 RytstEle 3
RITEHRIDEIRMEEEIR CEARNBEDEIEE T DC R, MIICKBDEHANTREE 2D
FETFIP—Ry FORSEHEEESR UKt E URCENFRERBRER o2, AR
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28mmPMT (R7600-C12 : JEfaTR =0 ) Z{AEHF5QIC 6 {@EC5I L. (AEhF3QRET 47
251 R 163mm ZRIRULE CETEND—ECEIE TS, BET » Y717 « {NEART « DR
BRI73 & TORIREIEE N TIBEE IS D IZHE— DRSS PET && Chh D, HEEsHIDIERN 5.
2D B— REODINSIBADERAEIS 47 251 ZOEHT 2.9mm. ~—~JURRE(SL
237.5keps/ 1 Cilml T D, EFRBISEEED PET E&BE U UREEDREEEBENNED
TohoIz,

2-2-6-1 [, {IDBASRT « BERT » YIfi1., ZN2NTD PET sHAIDRFZET I,

2-2-6-1  SHR-12000 {INBART « BT « Y7{iT[C KD PET FHBIDRF

FI2. B2-2-6-2 [CINEAMI TORBRIMEER DR F 2 9.

2-2-6-2  SHR-12000 {BAMIA v F/\R)VDARBERIEIED - OBSEEZ AV \ RS
PET EHRIDERT

2-2-7 [(BRIV—"T v F£ 8 PET SHR-92000] (2002 £~2004 £f)
NAESZZERETICANT, 8R)L—"T v ~FE85H8| PET. SHR-92000 ZB8F LI,
(27-29)
[ ATEIEISISV), SREME CERIEEVICE SRV EBRESHE)HE] OXRIRZBEL
T, 2002 FITEMN FZDO 2N 100%EE U TR EENEM Y ESZHEDERIIL, 2
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FHSEMN PET #8259 — (BICEWN PET StV —) ELUCEEERBIBULIZ, C
C CIFERATR = =20 ZDFHNT D3R 2GR UISRRRIS R D ) — Z T EIS EDRESED
RN SIFRNICBREERIRTEDLDICITDCENIYYIVELUTEZABNIZ, ZD
PD 1 DHRIV—=Tv FDBEL PET EBICK DN AEZZDEECTHoIE, ZDEBITIE
ZICHELTERIL—T v 28 PET £& SHR-92000(30, 31) &B9% LIz,

SHR-92000 [C[FFBERDMIBEEIL T S5 v ~/\R)L 52mm AT EFISEBE
(R8400-00-M64) Z=FBL\Z, B2-2-7-1(C. R8400-00-M64 DHNVERETT

)/V,

2-2-7-1  52mm B2 5 v £/\R)L PS-PMT(R8400-00-M64) DAER

[E= 20mm D 16 X8 5 BGO ¥V F L —HICKDiEHessZAEhimC 12 1= v ~ESSY
L. (AEH73[@REF 685mm ZRIRLIE, CNIFEBDRAF v Y& 2/KIYY3 Y TOREET
DREFTHD 1RIY 3V 5 D1, £5% 12 DIZE CEHAITET D8 RIL—T v ML
BCTHDBZICHEUIZERET CTh o2, M2-2-6-2 (., BHSEY 2 —I/LIMRERT,

] 2-2-7-2 BGO VY VFLU—AHELEOBREEEULCEHEEY1—)L

2 RSA AT A= % 12 5)[CEIISNZEY 21 —)ILDBICDHRET D ET,
2 RytstAlE 3 RITEHRAIDDPREDMEEZEBE I DN Ed LI, &2-2-7-3(1C, 12 5JE
BIDEY 2—ILERT,
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2-2-7-3 12 B[CERISNEEY 2 —)LE/N=Iv)LT U X=H

CNODOFHROEE 2 TR Y 3 VEHAIEBZE > CTaRIL—T v ROEIRTE/,

2004 FEHIFOHIRSN T\ DES PET FE CIIFFBEDESERZ 25 DU LENT
TR THDE, AEFISEREFDILKICKDHIREBDOFDUTOIE TES5HAINT
BECE o2, B02-2-7-4 [C. SHR-92000 &, ZDsHBIORFETR T,

2-2-7-4 BR)L—T v £ 5 PET & SHR-92000 MAER
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2-2-8 [£5 TOF-PET/CT %& SHR-74000) (2003 f~2007 £F)

Time-of-Flight(TOF)#%gE& 59 2 PET/CT, SHR74000 % 2003 TR DBEFE LI, D
Bld. IRIFR CETIHDOMED SN TNDIRTTH D,

2003 FAH'5 5 FEICEDNERSED ) —FT« 070V D~ DBitfass Uiz
H{RMEEES HRIFAT DIRZRBER ) DZSTIAFIM—IRE LT TOF-PET/CT %BORIRET oIS,
N— E75DEild SHR-92000 [CEBUV\SNZT 5w /NRIL PS-PMT (R8400-00-M64)
THD., FRIYVFL—FDLYSO & 3mm v F THD UichEHesigak e Uiz, K&l
[@tREF 318mm D Time-of-Flight(TOF)[Sii&HEEZ e Z. CT BfDIFHRSED 16 SIHER
X R CT EBEHASHE BT PET/ICT. SHR74000(32)Z=XIR LIz,

SHR74000 MIFRIFIHIFRRICE R U TE/Z PETICT 4& C TOF |BRIEEMEEZR
TWNNBTETHD, CTICKDHEZFINIBIHRE PET [CKDIEBEBRNIIIRFICES TS
BIZ&. CT & PET D 2 DDBEIRERSEICKDFHEDEIBZEXNIBICERIT D ENT
TDEIEZHMEB CHOIZ, T2 XDy RORITIHFEEZEHE URDIFEHEUBIRICINZ D
CET. MY ROV BBREMBZERITFEENSStECNLHEBEICIESEDCEN'T
BECTRD. KD SIN DRIFZBIENESSNDCEMFH Th o2, & 2-2-8-11C
TOF-PET/CT SHR-74000 DAVER AR T,

2-2-8-1 £5 TOF-PET/CT & SHR-74000 DAER

IRFESHIODEDP TIED DN, SHR74000 MMEEEE LT, FRFPINCHIT DEARZEE DR
BE 3.2mm, {AEFSQIDAREE 3.5mm ERIFXMEEMESNTU\D, BUFRD 1 DTHD
TOF [BHROD;EANRIFT R CHARISICE LU TR S FREESBEEN S TR SIND Y T AF
A DEREE 670ps [CFR=L ) 900ps A TH D EN FREERIERE LTSN TLVD.(33)

2-2-8-2 [CIND VT 1 PPICKD FDG £5BIRD TOF DEECKI DB ERT, RiFR
TIIEEDBICENSIZEIITRDSNZU D, SEIEIERSEN G TO5NDTECTH D,
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TOF 50 TOF &L

2-2-8-2 NS VT « 77 FDG Bif% TOF BHEDLLE SHR-74000

2-2-9  [{FENAIFHEET S EEIEHESC K BFREE PET B8 HITS-655K)
(2008 FE~2012 £F)

2-2-9-1 (AEMBIERMDER
PET MFEN %Y 40 FFHNEE U CEBMEEERBERICES UECEEHD. STIEH A
Z28&(C PET/CT B&ERARYRBZEFEEZ O TCND, EFD PET,PET/CT (REHERISEIC
350(34)ZBADHF LR > TNDCENBSER(ZD, CNIFINAZEICRITD PET &
DBENED RO SNITHERN'S PET 1&A. PET/CT EEMRIEBRAE S 2 CENKREE
BREZOTNND,
SIATT | BAKESZS PET KEFHDRAEN—LANR—Y
URL:http://www. icpet ip/1-3-4-1
—H EEDOSEMCICHNREEESSORUBN USRI L TR D, [HA) EHD
< SRRMEOBXIN BIEES E DIBBNELRICESHE LIZ PET BEDEFEESEX > CE L)
50 1HICERRIE CIIXPILYNA NV —mOBRERAMEESNTNND P00~ FREBDYDE
BREDEEA X—=I VDT HME— PET ICK D TRETHDIEN SIRIBEFRERIDARERIE T
(IHDMEEEIIEN L TNND, CDRIIXERDP, R PEBORINEREDRE
DIBE. PETEBEDICL>ELUTNBTENRE# TENNTLE DB ENSIEENDIEES
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http://www.jcpet.jp/1-3-4-1

D20, REFSEENSONSN OIZN TR ENZL<HD, SETEENHEGQ LD
DESIIERE UNEDD D OIZH\ IHREES ORERSBICRITIERICIEEN S IEREIE
ENNE T, HEEBRZINS I DIREE UTIIEENEDE CRIEEND S TDIRRE TIRE
MIONTNDESE DDONIRIRTH D, F/RISEEED PET IREDPDEERE DEESZEHICT
D EZBRICIASIMRIERAMIOMZE CIABIHAEIEEEIT S8REE PET DRI Z1T0 )\ SETIX
N ETHOCUVE PET REZEDRDFIRR TEIREE I DR DR [HT SOSV\ER]
ZBIRUTHIR - BBRZT oIS

2-2-9-2 {ABIFEIF R E=ERE0 PET (DBEH
pk 21 FENS 23 FEF TO 3 FE. NEDO DEFTHEE UT MEMHEREEDEEIC
Bl 9 DR PET 8281 X7 ADIAFEF]

(Development of the Next Generation PET Diagnostic System Contributing to the
Treatment of Brain Diseases] &5t UAE)fHIEMEEEI 5880 PET X& 2B UIT,
(35-38)

COREDFRE. {ERDSZHASN TECHEFISBEZREIBEE T, FBK
Yei&HHEs ThH DY) I PM. MPPC(Multi Pixel Photon Counter) =81\ Ci&H 28200/ )\ BY
{EAEIRUICEB CTHDCE. 1 FHRIC 1000 DIVDIRENTRERT VT YTV FEY
IVIRTLAXS VS AAD) ZANTREDPORIREIREIDENETZ51AIL PET T —
S ZIE T DEREFEIEMBEDMYNTNNDCETH D, CNICKDRERIEEDISIEEIZERE
FDCENMUETH DIZHKREEDIRRE CORENTREC R DIZ, FHIT. BARL. FERID
HISSFINEIRETHD Y b —1EHEE RO AR —AN'BRICHERATESDCH Ly
FI)VOTIVIX—IBREDEHRFEZRE L. EBERPOBEDIBEERZEN'S
PET T —9ZMIEd D E TSE CHEBEEICKDRIRTETBN >ILEFERNES RS
JANSYOD 5 IR SESE YANCI |- el ANaY

2-2-9-2-1 {IhREMIETSE
B LI B DI AR 2-2-9-2-1-1 [T T, (39, 40)

X 2-2-9-2-1-1 {AINEIFHEEEIT =TBE PET 2%5& HITS-655K DERTHR

Crystal material - LYSO
Crystal pitch -1.2mm
Number of crystals . 655,360
Photo-detector - MPPC
Number of MPPCs . 40,960
Number of rings . 168
Ring diameter 2430 mm
Ring pitch -1.2mm
Transaxial FOV - 330 mm
Axial FOV 2202 mm
Opening diameter - 330 mm

33



SOEE ULEREMIEDITEIS. #HERSBEICES U2 4 @D LED ¥ —H—Z5EIEE0
TIN5 2 @D IVS DASICKDRT U ERT CHRERBESIDEIET —SZEE L. Z
DT =N S 7)L T ZAICKDIBHIEEITVNPET U R E—RFT—
SDINEZICKDBERERDBIEZTOENDTHD, 2-2-9-2-1-2 [CIVSHAXSE
73V B —EF3EHS 4 @D LED ¥ —N—&RE L U\ DRFZER I, (41, 42)
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PE LT Z#PWCOErEfER UIEE. REIC XY FERDFHITHEIC L DMIEET
DFECHD,

COFEDODRMELUT, DIEADKHERZERI IMENSL, BISESNSHEET
HBDCE. DEIDHEBENTSZSZONNISFHETRETHDICENEITSND.

FIT. BAAE LT BRAUICONDDICKNCEE, RRPILDBEE THDCENE
[Fonsd.

34



2-2-9-2-2 il AER
RACIHENZFHAIT DR EZDBEZEMIE T DRDIHHER TR /2. #KEREIRELIC LED
NV—N—I8ZEESEITILIA Y —ICKDEE) N CDIBEEENIETDERZREZNDRMIEER
CIRVFHI UZ, & 2-2-9-2-2-1 [CIETIL I X=X C K DEENPDIEELDENE X J3D Y T3
@ Z I3EZENZNORBEZEIL EZNERIE UITEREZETR I,
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RICEU Y RR)UCKDEE) N CTODIESLENE DERZR & ZNDFIEZH TSV 5T Lz,
2-2-9-2-2-2 [CIFI@RRIC L W FR)UICKBDIRBRERT,
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M EDHBRNS. ZNZNOESNDFHZEIRZ CBEIBIEDRENTETND, FE.
ZOWIEBIRE 0.1mm MUATERIBEL TN DCEDERINIE, RICSERD PET 5HEIICK
DEHBER T oIz, BAIC ®Na RIPRICKD PET BiEREIZ E CTOMNTHNBHIERS
EDERER T\ BAMBIEE 1Pixel(2.6mm)IU T TH D ENTERSINIT, RIC XYZ
2ATF—=YICEELURL D NIV I 7Y L LAERNCFHERCRo2. SEICxiL T
2-2-9-2-2-3 [CIEIEES X3NS5 PET AIFEZ U PET T—YDRIEZR IRV \BERE
B=ERR LIS,
2-2-9-2-2-3 [C 3D KDV YD 7 Y b AICK D BB BRI EMIEERDIERET I,

X£30mm Y+£30mm Z+30mm

& 2-2-9-2-2-3 3D KNIV VI 7Y FAICKD PET B BIE M IEIEETER

LB #IERD

IMNIEREENS VT 1 PRBD5HHTH D,
2-2-9-2-2-4 [CREEBNS VT 1 PICKDEIEIEEERDDGERET T,

BB st BiaE SBTE ) BBE

LB : WIERD

TER © FHIEMR

2-2-9-2-2-4 BBENS VT 1 PICLD PET BERBEIEEILEEER
@& EBIC 1Pixel(2.6mm)IU N DRIFSASIFHIENESRS NI,

37



2-2-9-2-2-5 |CIAEN# IFHAET =88E0 PET & HITS-655K MANEREANBANT (FD). PE
iz (). 11 (B) OBEREZRI,

2-2-9-2-2-5 {AEfHIFMERENS0REL PET XBDINER IR E (AL

2-2-9-3 FEH

(RENHIEIEBENT 0888 PET DBERZEHR IR DT, IVS N XS ETTHDFEZIRD AN
ERIEEICKDAEBIFHIEREEL 0.1mm IMMATH Y. PET REBEIRICKDIAENHIEFEES
1Pixel(2.6mm)IUR ERIFISHERTH D12,

AN PET £& (33 T CHE{AIEHES SiPM,MPPC(Multi Pixel Photon Counter) Zf{&#
FAUICEEE PET THV., IER F 2O B PET HBICHERND OR—I VTSN T
SHR(Stationary High Resolution)##LF T SEHEE PET H'5 HITS(Hamamatsu Intelligence
Tracking Silicondetector), T AENERAHIEELHEIR PET [CEE LI,

T2, KEOHFRIY VFL—YDEER L 1986 FH05/3 1200(SHR-1200) TH O EH
M7’ 2000,2400,7700,12000,22000,74000,92000 Z L C 2014 FIC (3 655000(HITS-655K)
FTIENUL. KRB TESRIZEDEREICEE L L\ >ITEILEFSHEIND CENTED,

X/, NEDO ZEEHRD Bt EREDEEICEM I DR PET 328V 257 AD
BHZRREF) MR T UIZBRD T L AFEK TIE NEDOSEMERIKRZE, BN~ AN'E
B CTRRETEEEMEES B D D JICCEICEERREE R URSBEREN D >
2. ZDROHESHDFEEZUNICTHI,
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2-3 PET ZHibI -/ EEE

MERIZRMTCTH< K « FBERIZEEARKERSZ | DIER Chh DIEEEMERIRIC K D,
i - FEERIZE D BRI ZBRTEIC LT, HRIFIEIRK UNDADRAMEZ 2R S B
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BRAIN IMAGING COUNCIL NEWSLETTER
September 2004

Functional Brain Imaging

The Brain Imaging Council (BIC)was proud to recognize Michael Devous. Sr.. PhD past president of BIC
and the Society of Nuclear Medicine (SNM). as he presented the Kuhl-Lassen lecture at SNM’s 2004
Annual Meeting this year in Philadelphia on the topic of functional imaging in dementia. Functional
imaging in dementia continued to be a hot topic, as the Image of the Year selected by Henry Wagner. MD
represented patients with dementia.

2004 Image of the Year (courtesy of Dr. Hiroyuki Okada)

The first course ever in Evidence-Based Practice in Functional Brain Imaging was given at SNM’s 2004
Annual Meeting. The categorical seminar. sponsored by BIC, was well attended. A session on Imaging in
Parkinson’s disease was also well attended.

A collaborative effort with the European Association of Nuclear Medicine (EANM) resulted in a CME
session in Helsinki, Finland. on Movement Disorders: John P. Seibyl. MD. current president of BIC. was a
featured speaker. This also was a very well attended session.

Are you ready to read clinical PET for Alzheimer’s disease or Frontotemporal Dementia? CMS has
proposed for approval F-18 FDG PET for this indication in the U.S.A. beginning September 15, 2004. We
in the SNM BIC are watching with great interest to see that the test is well utilized and well interpreted.

4-4-1-1 Brain Imaging Council Newsletter (DEC=2
(EDORIC, £EBRENHEESINTLD,)
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The SNM Image of the Year for 2004 is actually a series of composite images that illustrates Dr.

Wagner's vision of the future of health care.

The Society of Nuclear Medicine’s 2004 Image of the Year reflects the
theme of this year’s meeting—creating lifetime images of health and
disease. The Image of the Year is actually a series of images from a study
done by Hamamatsu Medical Imaging Center, Hamamatsu, Japan: the
University of Washington. Seattle, WA: and the University of Michigan,
Ann Arbor, ML

4-4-1-2 SNMMI U211 —2
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ZAIHICEDET CEDNTETCERL, FZABODEEREREFIEFEICROSNTSH
D, PESEBEDIRETSNTLVZU ),

5-2 B8
AHRDOENIE. HASYBEMNDOSERKEGIFTRS EZSOEZERICKIDEPEF
B RUOBMECXTUT/N\T/IN—=Y Yy DT D10 CHRIBIT DD EANDCETH D,
CNODMRBREEANBIE. (TN S Z0 AARBEZESW O EMRERATERE
BV —ICRITDIMBZERDEDD . RSN/,
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5-3 XIRETTE

AR CRESETTEEEDH CREEISNTER/NA/IN=VI D « T D +HDSH
BICXTUTRIRT DN ZERBNDCHIC. HERZEICENDNEREZERIZECEND
PET ZRU\ s HRIZTT D12,

BRADICHLAS Y BREUNDSERBEIEIFURSESOBTERMI AT LAEEELLS, &
DEEFRIETRSZEMIN T, TTFEPFEEXTRICAFETRID 10-20 JAICKD a REIRK
& PET CORMAEEBIHZ AN CIFYIRS DRIC DU\ TBEDIRES ELEEMEETE LIS, R
[CIEBSENEZXTRIC PET CAIREEIEZIRITI T D T aliEICcRNNTE/ N\ /\—
VWD« IJ1D OFEIRZEERIDCEE UL,

5-3-1 JINSVBREYHCSLDERRBEIHIFTMERERY 2T/

SEREEFURES ZSAICEDERIETRE I DICEZORBRECTIMLE PV T, X
E—N—2EN\ FITZDHEEEIRET T DICIIZDEIREFIHE TORS AN TIEER
KENUETHD, =5IC. EERCTRVDALS VEXEDANOERENUNE CTHD.

5-3-1-1 8|8 « DAV ATA
AL CRVVZIRSES « BREDTY D D P—DW%Z Table 5-3-1-1-1 [, ZD
J0v Y™ % Fig.5-3-1-1-1 [C/"d, 4Hz~100kHz DEEEICXIm LIz 1 D& YT
> D ER%EL 192kHz D AID 3V/N—=H 827V D R ZERLND T EICKD 96kHz TTDH
BRI IF RS Zi%E LB OEETHD.

Table5-3-1-1-1 Configuration of recording devices and analysis software

i H A—T1— @%-% {}tﬁjéj

*~ A2+ 7V 7.7 |Bruel & Kjaer| 4939-B-002 4Hz~100kHz

*~ A7 HEIR Bruel & Kjaer 2804

K*A/DaL R —H— MOTU traveler 24bit 96kHz,192kHz

*PC IBM Think Pad R50e| CPU 1.60GHz 1GB

* Gk 7 b Apple emagic Logic 5 | platinum ver.5.0.1
Wave Spectra ver.1.3.1

K it/ 7 Adobe Audition CS6 24bit 192kHz
Math Works MATLAB
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Fig.5-3-1-1-1 Overview of recording devices and analysis software
Each block corresponds to the list in the table 5-3-1-1-1.

5-3-1-2 SREB

RICERIBNEBDIBIREHIAI D, EEBDERZE Table5-3-1-2-1 (L, ZOTJ0vI™
% Fig.5-3-1-2-1 IC" 9, 1FICaERBEIFURS Zienc B RER. LT3R CiRia
NTNDIEFEEA)DE VRN T EKDNNE TH D, AARCTREVILFF v URILPT
FARDNA Fv URIVBERL)ZFALUY AT AZEBELUL, /2. URBEESER
JEUERMBIZEABIT DAICHBINSNDT 1 LY —DHN Y A DEREIE. —fi% CD BRE
DLEEEZER L TH YT VI ERE44.1kHz DTHER CD DFRIE EE&HE BT E T 22kHz
EUR, ERBEREESD DL Y IBEICLDBRRERE., O—/\2 T 1)L —ICK
D 22kHz Z#8Z 22 EKRRIIFURS ZHHR LIcO—/\AB4. jIO“l: 22kHz &#82 3
SEEMEIFIETIRE DHD/\1 /N ZABED 3 FEEOBRIZTN IS EE CTHD.
Fig.5-3-1-2-1 [C9 7O w O™RPD/\1 /XD 1 )LD —BEDT') ><4 YPYTE, O—
INZD 1 )V —BED T XA VPV TEDIEENARBRDIBHAHENTEIC KD 31EENDSIRIE
TOTEEE TR D, ECDEERDPTIT XA VP TDERNRNRISHEERS (CXT U TEERS
[CXT U TEDDSRENRDICE=BMRDRR TERET o2, ERICRE—HD—DSIE
MENDBZEVVZIET TR, D)WL Y IBENDO—/\ZABEDDXBIELHZD o/,
. ABFFRDTII/ N\ /NRBEDTO ~)UISER LU TR,

Table5-3-1-2-1 Configuration of Acoustic stimulation system

i H A—T— S ik

* 7L —F— Pioneer DV-S747A 4Hz~192kHz

DENON DVD-2910N 2Hz~100kHz
* JE R T 4 — NF[EE~7 22 | DV-04(CF-8BL) 18 A7 JE e 22kHz

SRINZT — AT JT 4T T 4)VH

* TVAA LT VT DENON PMA-2000IV-N 5Hz~100kHz(0~-3dB)
KA A — T — DENON DSW-77XG-M 19Hz~200Hz
15 A — T — DENON SC-T77XG-M |27Hz~200kHz(22kHzLL E51)
KB i T AR —h— JBL UT-408 22kHz~70kHz
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Fig.5-3-1-2-1 Overview of Acoustic stimulation system
Each block corresponds to the list in the table 5-3-1-2-1.

5-3-1-3 BR
EZRICHBERA USRI, AFNBR. H'D. BENEIRIEERMHERD DVD-Audio & U
2o IATOMER DVD-Audio [CIERSNTUN\D. SIIKEBIEHODD 1 Y RA—T 2 S8
(YYD _ZwDINSH1 ] ZRUVEZ,
B4 =L TNDYDVD Z—F « A2 2001
X—H—:8X30VEP (%)
ASIN : BOOOO5HJQ9
EAN : 498800135679
FATHRTHEASNTNDALAS VBRI —MRICERLTNDEFENE#L, B8R
[CIE@DEV\EDZEZ D SAHZL TR DVD-Audio ICKDIEIEE ES TR BN
SEHEEAL, BROBREEFEE. Bh8HE% Fig.5-3-1-3-1 (TR T,

-30

o
— W ALV
50 A JE—
40 W L\AA. ) e fll o pesAE
VY
% -70 WR‘I\VAUAVA\/A VR I
{,]\ -80 ) U\h ; A AAAAanV“'N\’VAA"j\P\
< Y YV!VWVW‘WV \\r\.\
90 -~,-'.,..."_..‘-4 - v\
100 S “\!‘lA\v\A\‘_, -
-110
-120 T T T T T
0 10000 20000 30000 40000 50000
JA ¥ % (Hz)
Fig.5-3-1-3-1 Frequency characteristics of the sound source
Low-pass cut-off frequency : 22kHz
Attenuation characteristics : Butterworth
Attenuation slope : 48dB / oct
LAeq (2 minutes average) =79.6dB (A)
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Solid and dotted lines show a full range reproduced sound and a low-pass reproduced
sound, respectively. The gray one is a background noise.

Fig.5-3-1-3-1 OREEHIEIREL. MEHSABXT/N\D—TREEN D)L L Y IBERORE,
22N 0—/\ABERFOFME. JU—RISEERDOEBES LAV ERT, O—/\2XB4%
B5ICI3N Y S DEREL 22kHz, BRI L D5 —THIZ D 48dB D/ N ——HHE
DI 1 IVI—ZRAC, CDOTSDEIEEDERER CTSRIRRICALE 2 pEEIZDERE
S THD. F/Z LAeq(Equivalent continuous A-weighted sound pressure Level)ld. 51t
BESULNILDTETHD, BEDOXDICARAICIHENICKES S ZEFITITAES2ES
LT DICHIC, AIEREZRO T, ZORBROSDIRILF—EBEEE UCECES
£9 D, ZDBEEIIULED LAeq T, BSLANILENDBMZFON IR
F—-DEEILDBE/IT, LAeq ZEoC, FE. E FOEDREE. SORREICK>T
T3, 5T LIEMBNRE IRILF—%&. £ RN TUNDBDIRREBISE DT BIZHIC,
BERSHIEZTDOMNEND D, COEKREMIEICENNDIBERIRD OB, ARFHECITEL
NDBEMHFNALENNTIND, KARTIE. HEESOENS 1m DEEEEC AE—N—
ZRE ULKICEDNE CTHCZADBDAZTIE UT, LAeq D' 80dB(A)E/8DKDICEE
REUIZ, 80dB(A)EId. A THRILE LIZSENN 80dB ThHhd_EEMI, BRDATEL
NIV 50dBARENSETHDCEN'D. BRIFDUNILOHDICIRIEN DX DICEETE
UJZ. Fig.5-3-1-3-1 (& LAeq (2 minutes average) = 79.6dB (A)&ECEINTULNDDN
CNIIABDREFEMIEZINZC AFMESEULAN)IVESRIETD 2 pEICEDEHUIZ
BEELAILNN79.6dB THOECEETT,

5-3-2 EPFEEXNREUE/NA/IN=V_vD « TDJ 1D hEIRICRIT DHRET

PIEFED 30 HAPEBOEPFEENRE UTHAS YBEMADERICKD/\1/\—
VZyD « T DRIFTDINZE, K o R DEEERDAIEE PET [CK DIXEHER
BICKDZRFT U,

5-3-2-1 B o AR EEERDBIE

ABODMGATARTIE. HASYEREZSRE T DIIFTBBRIYPICKD, EFBDEE
ZC. R a REOMER LIZCENRESNE. SOBELUEERIEAYATAZAN
T. BARMEHIFTRSOEEICKIMROLLEEHAZERE UIE, SITHTREDENSHE
BRETMBCSRIEN Y AT ARUBRTHD.

BRI CRBELDENEHEIY T AIFRR ThD, BRiglmlC1 A—I VT T—INE

SNZELUTEMRIFIBDTEETHD . ET—FZRI CEICKDTPET ZHo>7TH)
BUV\HARE EDERNDIRECTE D, IR, ZERIEZMURICTT,
XIS B (I IESS 35.1 7% O F(27 45 %), B3B8, L4 8. G5t 7BOEPE
BREND YT+ PEUL. RERDISFRITE CIRESNTU\D 10-20 SEDSEFEEICHREVN
BREHAIER TS oIE, BIEIIEESEE ALA2 &L, YT VI ERE 500Hz T=E
e LTz,

{6 LIRS AR E SR D D = PO % Table5-3-2-1-1 [C T,
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Table5-3-2-1-1 Configuration of EEG equipment and analysis software

i H A—T— S fii#
S I 2 H A E EEG 1714 | 7V 7 8% $%: 500Hz
10-207£ 21ch
* GG FMS EASY-CAP FEUEFEM : A1,A2
A —H A 10kQLL T
K HEATY 7 Math Works MATLAB PAHR &
I. Neural Comp., UC San Diego| EEGLAB

Fig.5-3-2-1-1 [CARRAIEREDANET T,

E b WERE

. >
/ 1m

Fig.5-3-2-1-1 Experimental setting of EEG measurement
The impedance in the EEG electrodes was set below the10k(, and the distance between
the speakers and the examinee was 1meter.

Fig.5-3-1-2-1 [C UE BRIEEB RE — N —2NiKET T —XANITERE L. AE—N—
DS 1m DUIBICIREREZ RSB LA LI, SIIEEHK O ITIARE TOEEIBD
1 VE—SFVRIF10kQ U EL, BHEREICXT UEEREHEEBEIEDIILL VY
BAESHARSOMKATES 4 0, 22kHz U EOIFTIFBEIESERE EHIR LIZO0—/\2B
4 EHRFOKZATEZ 4 @, &5t 8 QDKEIEZEERLIZ, ZNZNDARIER 2 DE

TROAETTOERISE 1 DE U, SREEBERD 2 DEISEEREGSHEMIFL. 1V5—
INILD 1 DEIEBHEGORIRIAREE Uiz, SBRICXTT DEEKBIZIFTIBSDEEIC
B L CIIBERB ICERBRBICEDND SRR DICE=BNEREI DI TINI STV RICK
DEBSNL, T2, SERKRBIEIFTRBOBEDIESEIIEHOICKDENDEE AL
FRIRKCOVIATIRBT UL, ERICAE—N—NSIERSNDBZHE\ZIZIT T
SERMBIEHIETRBOEEDOXE). DENIILL Y IBENO—/\ZBENDXBIIETH
TH oz,

BRI 8~30Hz MIMEDIC 58D a iB(8~13Hz)DELERITEB L. #EREED 4 QINDE
HBESEMUTLLR L 2 BT tiREE=RE LS.
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5-3-2-2  PET |IC K BAAHREIRE

SRR EARRDRIET, BRFESC/\A/N\—V v D « TT D LHRIRITDH%E
PET IXIREIREICKDFANIZ,

B3, EHOEHD 36.8 7% °0 #(27 m~48 %), B3 8. Lt 58, 55t 8 2R
BNSYT1PEUE, SVFARIBET, BRZDI/ILL Y IBERUO—/NZBEL.
ZOEOIRKMREIR 2850 PET CTEMSUS, Fig.5-3-1-2-1 [CR UICESEIRREE% PET
IRE=EICRE L. PET REOBFICESIZHRSDENS 1m DUEICRE—-H—%&t v
~UTE, PET ICKDIMEEIRBEDRF % Fig.5-3-2-2-1 [T, PET BIEIEMN~ZD
RBIGBEFE A PET %&& SHR-12000(13) 20\ CAXIMRIC K DAZERSEHEIRE MU
O-H,0 IR—S2EBEE1)CKDRITZE o2, B UCHEIEERISI[ERK 2 DO
Y ~OVRIERE "0 TIE# LUIZK T, PET INIIFREE CR<ABLSND,

Fig.5-3-2-2-1 Experimental setting of PET measurement using PET
The SHR-12000 Brain PET scanner was used in measurement of cerebral blood flow.
Acoustic speakers were placed bilaterally one meter away from the subject.

Fig.5-3-2-2-2 [C PET AIE 0O ~DJLERY, PET 5HAIBRS 30 FaiN 5B RIEEIR =63

8L, 185MBq (XANDUIL) D *0-H,0 ZRFEEIRND'SIESICKIDIZRS L 120 WEZE 1
2F vV EUTPET BIEEEELIZ, PET =310 WEE 1 JU—LADHRIE L, 1
AFvYTLR2IU—LDT—IZEIEST D, SEREICXTUEEREFEHZEESED

D)V Y YBA SISO PET I8%% 6 @, 22kHz WM EDIFTEFBEIESERS ZHIR L
ZO0—/\2BAESHBIFD PET iRi&% 6 0. &5t 12 @M PET MIMRREZER UIZ,
ZNZNORIEDEIRISFIDRIEDHESREDEEEZR L CHRRAM+ D THDEEZ SN
D5 FRHACEHTD 10 nELE, SBRICXTT 2B XESIEFTHmSOEHECREL
TIIHERE CERBECEDDSRNKDICHE=ZBENRET DY I I S1 Y RICKDE
SNz, e, BEDIBEEIEHOICKDIENDTZEEILT DEHRTO VY AICER
Uiz,
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Fig.5-3-2-2-2 Protocol of the brain activation PET study
After a 10-minute transmission scan, a total of 12 emission scans each of which lasted for
two minutes were performed with 10 minutes interval.

Fig.5-3-2-2-2 M Blank 51 AI& (3. PET HEDREES/R EDRERIEDITEHIC PET AR
SEREHBE O] 120 D (7200 ) RTEOEEHAITHD, RICHEREBREODIIRFHELE
DIZHICHEERS D PET HEIC 2w FSNIZEIC 10 HfRE (600 #) 0D Transmission 5H81%
R D2, Blank §H8I& Transmission 5HEIZEETICTTD C EICKDIFEEETDT—4
HEEMR<INSTUREERD, CTNODMIEDTYHDFHAIICIINEMFBRE UTTILY =D
Ix » 730 LAEOBEREREDEON. CORREZELRSs) VA TOESERNS PET
T=AERSIDCEICKDFBET -V EEHT D, HEHEER °0-H,0 ZEBIKEH LT
MIMRERESDEHOII VY3 VEHEIZ 10 2 DEDRIEE L, £E0T 12 @HE0DR
9, CO—EDEREREZRERSICERUIZ, COXEERTO PET sHAIEZ.
Table5-3-2-2-1 [T 9,

Table5-3-2-2-1 PET measurement time of Brain activation study by the sound stimulus

HHlE—R i 5
Blank &I 120%y BGe-GafiF
Transmission 21| 104y SGe-GafiiFfE i

Emission -1 | 245107 x 1271 —2) | 50-H,0%k:: 185MBq
Emission #1#l]-2 | 257(10F0 X127 —2) | ZEHEMRIZEEE B IE

S ZR1055 A2 — 30 | AIEES A Y LML DS R
Emission 11-6 | 255(10F X127 —2) | ZH2—RF5 2%
§ K105 A Z— 30 | BIEL., EIZE 6K

Emission Hl-12 | 259 (10F) X127V —2) | U7ZepSo G g H 32

Emission 5T8l%&. 60 EIDT —ADIKIIR ERERIRT D, ZDITEH. D 60 FEID
FT=RICXH LTI AIA—F - N\wD - TOYT DY 3VE (FBPIR) [CKDEIZBERK
ZRANT, MMARBEZEERULZ, 13ICKUTEERET 6 ROBIEMNESSN. 8 BDD
SR 48 MDOBBRZRANTENZRCIR D2, HBIIRETBIERERTFED—DOTHD
SPM $%(15) ( Statistical Parametric Mapping 3%)ZMU)Z, SPM 30OV RYM/\VY—2
= AEBRD K.Friston XD R.Frackowiak 5ICK > CRFHEINFZHBD T, MHROD Matlab =T
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FCENT DY T FOIPTHID., PET DHEBERIES IR X—I VT (fMRID) 73E DM
BEEIIR 1 A=YV DICIEARTRZY —ILETZR D TUND, SPM ZFES T E T, PO-H0 BHE
EICKD PET 2RV ZRIMTAREAICE DS, IR SEED T —SI N 5B R/ MARISN0E
IZERETEMICIE LBEH U, HBBMIERTIDCENTED, SPM [FRMD' ' —
ZPEEIC—E/N—Y3 VP v ITEENRTN\DEDEN, SOEFICERLEV D D
T P13 2003 FIC ) —RENTZ SPM2 THDIZ, Unix 75w k2D 7 —ARIE Solaris D
Matlab [CC SPM2 &) L. iSO E « BRBIFHNRE(L « TB1{L « #REtAIED—E DR
0 EDJVAEE. DILL Y IYBERORKMREREC O —/\XBEFORMRER =R
WC 2 BFED -IRREICK D SERaE FaiRS 25k LI ORI EaiE Z s Uiz,

5-3-3 SWMBAZEXIREULE/NT/N=V_vD « T 1D ~HIRICEST Si&aY
11’Jfﬁﬁﬁ 70 mAEFORESWHE Z2XNRE U THAS YBEMHDEIRICED/N\A/N
—VZwD « T D DEIRT DD%E. PET [CHRDMEREREICKD BRI,

5-3-3-1 PET IC K BIMEEIRE

BRZAR—AICAB U T DI 77.6 5% D41 %(72 %~88 m%). Bt 5 8. «it
10 B8, B35t 15 BOREBSHBZEXTIRE UIZ, XIREE8IC MMSE(Mini-Mental
StateExamination : (2XIEEEIRE) EERE L. [ERE CHDCEZHFICHER LIZ, MMSE
EIF 1975 FICHKEBED T 4 IVABD A V5 H5aR UIZSRiIKEEZ RN DEBE[ZY ~ T, BH
. ECIEAD. StED. SEBHREN. MBIRENRED 11 DFREN SR DFHERE CThD.
30 RBRODSNERE CT—HRBIC 27 RIUENDTER ESND, XTHRED MMSE (4 28.8 52
SPl197 19~30 R) TH DIz,

CNHDREESEHEEXTRIC, BPFSICEN UIC Fig.5-3-2-2-2 Sc80ASE[ILT0O
~3JUT. PET [C K DB EIREZZENE UIC,

5-4 #R
5-4-1 BPFBERMREULE/NA/IN=V_wD « T 17 EFICEII DR
IIEEHS 35.1 7% SO0 F(27 m~45 ). B3 8. &4 8. 5t 7 BOELFEERS
MSVT 1 PEMREUEALAS YEREMNDBRICID/NA/IN=I v D « Tk~
DBEEICEET D, I o BRDLEEEIFDIBRE PET [CK DR ERERBREMUTICR
ER

5-4-1-1 BRE o SRR EEERBIEDIER
MIRX T ¢ 77 DVD-Audio [ICKRD I Y RA—T ARSIV I A ZwDINSH A RAB
B, FTRSHD. IFTRSE LD 2 R Tk UIZIBSDRETAIZTU . ED a
R DLERZRIE LS, Fig.5-4-1-1-1 [C, JETERSHD. 2LD. ZEESNIZ a BD
DHEERERT, 78DT—IZIFTRSDHD., ZUTHEE UL, ZDFER p =0.0148
THERRBENRDLNIZ,
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Fig.5-4-1-1-1 Average ratio of the occipital EEG a wave component during the sound
stimulus
The amount of the occipital EEG a wave component relative to the resting level was
significantly higher in the group with non-audible sound. (p = 0.0148)

Fig.5-4-1-1-2 [CHERAZHIE UCTIETERS H D &8 LORRETD a RO D ST 52D
1@BERT, NS5—/\—FaR/ND—&RL. 2T —)UIF 0~100uV> TERRUIZ, 2B
SRABIIETIRS (C K DEIBID o TERDMER L TLND, ,

100 pV

e

IFIIRBEDHD EIE] )= AN

Fig.5-4-1-1-2 Topography of the occipital EEG a wave during the sound stimulus
Increase of a wave component in the occipital lobe by the high-frequency are a non-audible
sound is shown in the topographic image.

FFYIEBICK o TEIREI T a RAMER T DT —HI3. IERDAFRINRE—HT D, D
IREHAIRERICK 0T AASYBREMNDOTRZE > CFIRSERT I DIYRT AN
SHAEHEEL CNDCEE, TADYBEMINDERICKIDIFTMSRIMCKD. &P
FEISAUTE/NA/N=I YD « TT D BHEIRL CNDTENEDMD SN,
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5-4-1-2 PET |[C K DIEREIEERR

MHERA T « 77 DVD-Audio [CKRDI1 Y RA—T ARSI VI A2 ZvDINSH A RE
Bz, JFOURBESH0D. FFURSRLOD 2 FF T, MREHRAICERICEHIRSE T, PETICK
DIINBEIREZTT DIC, Fig.5-4-1-2-1 [CIFUIRS (C K DMERIEEFIZ SPM TR LICHS
RoEgRZETI, CNIMBEARORT TS, EEEHIZE— ExE]’JlC%DéCc‘:D“'C%Zﬁ:
DITIBEMWICLU YA U —Y 3 Y UICAEREEMI (IR EFEMD MMEESN TS,
NS—N—FtEZTR L. 2T —)UlE 0~5 TRTUIZ, SPM ﬁﬂﬁd)/ \SX—=BF
uncorrected p<0.001, extent threshold>20 voxels & UJS,

H b4 =27 N
Fig.5-4-1-2-1 Brain activation by the hypersonic inaudible sound in younger subjects
(Windorchestra symphony “SymphonicParadise”)

The midbrain and amygdala are activated during stimulation in younger person.
(Fullrange) — ( Low-pass) (uncorrected p<0.001, extent threshold>20 voxels )

MR A5 « 77 DVD-Audio [ICKRDI1 Y RA—T A SSHI Y I A Zw DINSH A B
BESIRUCIRSIC, INEEPINERCIZ TRIMANDENE SN TLVZ, FFAIREICRo>TH
. RRMADIMFRIBIINESRSNGC, CDT—Hd RERDARIBE—ET D, "D PET
[C K DBUERTERERIC K > THAD VEBREDANDBRICKDIFTBERIFICK D, BPFE
[CXTUTENA/IN=YZwD « T D RIBLUTNDCEDENDSNTE,

542 BEESWRE UR/\A/S—Y "y « TJ 1 ~HRICEIT B

EREAR—LAICABL TNVSTIIER 7.6 /% ¥ 5(72 ~88 /). BIE5 2, L
102, S5t 15 BOREBHEENRE ULHLS Y BELBOBRICKD/ \1 /-y
¥+ ID 1T ROBO, EUICEITS PET IC L BMAERERBREMNTICRY,

5-4-2-1 PET IC K DEXEREIEE
MERXA T 1 77 DVD-Audio [CKD D1 Y RA—T A S Y I3 ZwDINSH 1 RE
Ba, IFORBEHD. RS LD 2R T, SPFESIREREFERIC LT, PETIC
S BEEREER IR OIE, Fig.5-4-2-1-1 [CIFOIIESS(C &L DEXEIEE A SPM CREAT
UBRDBEET T, CNIFEDPFEERKIC. BARDRRICIIREL, SREMIZ—H
BICEIDCENTEDLDICIBEMICL YA LU —Y 3V UIZBIR CTH D, HIRXAT 7
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& CFITERICES MBI PINDERESNTLVE,
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Fig.5-4-2-1-1 Brain activation by the hypersonic inaudible sound of source in elderly

subjects
The midbrain in elderly subjects were activated with hypersonic inaudible sound stimulation

(Fullrange) — (Low-pass) (uncorrected p<0.001)

FFTIRSIC K o TPRRIDIMFTRIENDFETRSNIZ, CD PET [C K DBERERERICK o CTH
LS VEBREPADBRICKDIFTR/SRIAICKD. BESEHSICXTLTE/NT/\—Y Y
D« I 1D OERLUTNDCEDD THEMD SN,

55 &2

HOASYBRICKDNAIN=IZYD « T D HEIRTDERSSINTNDD, S
QDRSNS ALAD VEREMHNDER (SEFREEIFURSESD OV R T +5
) [CEBEDRSEE—H U TIEFDOMIRERI Z LR, BBETO aRZIBISED
RN HDCENTRSNIE, FSITHR CTIIEFEENRICEEE T a REENSE D)
EHnEneh, SOEFLOEPFEICXT L CE. IFTURSRIPBNOEBEECTOD a REE
NSEBDCENMHTRINESNGE, FE. IFTURSRIBHINE COMRIBINESISERC
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Table6-3-1-2 List of Acoustic stimulus sound source
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6-3-2 #5E - POMS [C L DTN TOT + —) Ll

K[UDFHIBDERHEEE LT POMS ICKD D ERKBEZRIE UICIER BADSEEER
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Fig.6-3-2-2 WHESRSNIZ, /2. CNOSRERIEICEDRGEL LD EEDD oIS, A+
EB-D27)L—TREDEETIE. 3NBBENS p <0.05 TERRENRDSNIZ,

hraval p < 0.05

20

10 i
5 A
&Y :
.Lug 3
@ -10 ]_ iy
w
=
e -20 —+

-30

-40

1234568 910111213141517
=hEfEE (8D

~FTRBEHO (TA) —=JFIREBL (BA)

Fig.6-3-2-1 Changes in mood (vigor) by POMS

The vigor score in A+ group maintained during the experimental period, while the score in
group B- decreased gradually. This condition was significantly different ever after 3 months.
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Fig.6-3-2-2 Changes in mood (anger) by POMS

The level of anger in A+ group kept significantly lower than that in Group B- ever after two
months.
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Table6-3-3-1 Summary of questionnaire in two groups
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7.3

i

(1) The Society of Nuclear Medicine’s 2004 Image of the Year
"Brain FDG PET Imaging in a Population-Based Cohort of Asymptomatic Subjects: Initial
Findings," A Thousand Words: SNM Image of the Year Demonstrates Future of Medicine
SNM 51* Annual Meeting, June 19-23, 2004, Philadelphia, Pennsylvania,
USA
http://interactive.snm.org/index.cfm?PagelD=2630
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