3. HE

BREZCBVT, BOSEMNRBEROBMITIZHEE
PRHONEEVILIGOHREICLS L, FEE LT,
ik, ETHED. mEoSEER, £ EfEEET,
B idA ERTEE. A EEEAE, AROREFTERS
nTw5aY, LL, MEFHOEER, REICL-T
FERERILTLO—RLTBLY, SHL2KRHN
VETHA ).

4, BOREEHTIER(REIEESEETIH,?)

ERECBTAMEEIZEDLDICERTIT 2D,
BELRETD 5

PRI L 2 2O, ﬁﬂﬁfmfééo
BT 2 b b EMEORRE
EEZBIIHRTEHV, BRI 2V LT LIRER
L2V, MAnEOZtc L ARMBFELCEL
Th. HEROBEHERICE T BRBEEFRETILTL
SEMLERT VD07 LA L, HEHEHEREN
i, 2V o B L bR DWERAFDH S,

AERER T 7 FRENEET 254, MME. K8
BRSO T BEMICH 510, LchoT, RES
T, HERE. BET A BRmEEIIE LT, BRI/
BRIV RL T HWEELSD S,

ApoE e4BIEFH. TV A 7 — i (Alzheimer’s
disease | AD)DYRZ T 72 5 —Thb, MBETFD
v T, ADERET AT, &5 EEE QKRR
PHTVYNA T —REPOMMFET VY — &R
¥, COHICBLTIE, ADDEHTHIEUL LN,

F7-. ADDEM L SN L BB HFREOHEANBET
. 5oL EDREZEDOH 5% T
RTWD, COLRPICADDFEELLDLDONEIND
ZENFHELONLD, EUMRAEOREL bR
WREOIMBEEILE A TWATREDH S,

T EE A I

5. MEEEOMBHEL

BRI AR OREINBEELOERL LT, &0
53 MR EBOESNBOEHTREE TV, M
REEOBAPLSINTEEV,

F—$3 VD2E A L BB ORI % Volkow b 2
BRELTWAYW, ZRICEB L., BEBOD2EFESE
AtEid. ERICHBELTET L. BERSLD2REH
= A REASTE OARRE 2RSS, ATERHFIRE. RUSEIRRZ

»h‘g%%kfaﬁ’%ﬁﬁﬁ F’ki(ayskmems‘ -

EAEEICH o TV B TEEEDS

TEOLNE I EAES

&@ﬁﬁ wﬁm%&ﬁ'

E(Eﬁiﬂﬁﬁﬁ?

RArTEEDIT, ram%%‘b:f”&) %hé
OBEMBERE %2> TWAHTE ﬁ#@éq
BE B0 b1 b EFTIREE (exccutive furic
#0%l (response inhibition) ® & 5 &ﬁﬁiﬁﬁﬁ
bbb F—s33 B 1&‘[‘"75‘[5.1&56 2:%‘
HTEBD, ﬁ
Goldberg 5 12, ﬁ$Mﬁsz5tub”
HOBEBHEE. SSRI (serotomn reuptake- mhlbltor ) D%
Btk oTEL ABABELELWET 52 EC, B
LTwa®, 2RICEs L, SSRIBMIC & AEREE
1R & A IEOFEB LR L 2D, E’F”F!Uﬁﬁ\ ,751%4’
AVINEE, ERMEEE % EHEFEMNE L. £ WFEE% wRL
ok, EWHERE. GOTBLUF HIJEEIE—_J?;C 1y 12)
HERAE V. SRBICOVTIE, MERHN LD b=
BEFRICNT 2R 5HHBEHNS L OTERVPL

HEBLTWVD,

HERE

1, PILIYNLT—R/
ADIE. ZEHMTELBEROSVERMRMETH
2, BHHETTRETLILNSL . FERE, RY
mpEE, RIEOBHZLADON S, ADDERKDETIE,
NINCDS-ADRDA 7% ¥ D P U I E T TThI
3, BEFESIBHEBECE IR,
ADOBEMFESPECT, BEHPET OME(RIE, B
FISEEAE. HREHRKE~ Wm%fﬂﬁm%&wMﬁﬁ
HOETCTh b, REE., —KEH - FHIEE ighpua
HEM. BEOBEABIRINS (B2). ﬁ'ﬁﬁﬁﬁéﬁ
LIETT 2BANE V. BHRRBEDADTIE, B
FTHASEI/NSVEMIZH D TR ERHIRE ~ F”ﬁ
BETHEAONZVWHDLH 5, FO—FTS B
MWﬁ%fmﬁTﬁﬁbané@ﬁ#éaﬂ
BEREIRE ~ AT O EEHAEE MOk
HicE <. WEE ETTOBRERT 2
Zlit, BFLLBEH TRV SPM(sta
metric mapping)'® %°3D-SSP (three-dimel
eotactic surface projection)'” % AV :

o £ W EES L CEEHERE




A WE®

BUBTH 5.

FTEEZELTEESR) PSRBT 5 2 5, oY

S ATV & BADAIE
*guymmﬁuﬁ%mnu‘mﬁﬁ\ﬁﬁ
OB/ BT ERSED, LL, B
B GBI O VAV ETR-TLE )W,
'ka INNORIGHE, BECLoT
R o HREABMOBEST, BERICE
T Ynﬁilit’f‘ﬁb HARTHES X CRAIGIEEE CMm
ﬁm@$gﬁwéwoit\éﬁkﬁﬁLTMMw
(mini mental state examination) A I 7 ASRE L8
(stabilized) & IGHEIC KiG¢ ¥MMSE R 2 7 A& TF L7

26 (464)

B2 ADBEORFEHPET

B 3D-SSPRFTHFE
C 3D-SSP ZZAaTE&
EEMEESE, HBFRE~2HE, WHAFTORKHIBOOND. ETORERNEW, BTFBOSHIE

B (nonstabilized) % L8 L 725 Tl WGHHABRAT
i, FAEOMICER Lo, #1 FROBLT,

nonstabilized X, stabilized {2 X THMI B & OHEIAT
BEZE. R, THOMUMEEZE. HIRET X ) maRAMET

LTw7-20. 20 ) AR B RARE S T oSl B X UTBIETER
o L THD SN MFEEIE, stabilizedDFH LD

WUBBETHo M, ThHLOERIZ. MOFSPECT
PR FARINVOBEDRETFHETE L TRBERL
Tws,

3. BESAEE,SADANDERTH
SLEES A E E (mild cognitive impairment : MCI) i,
BE(EEHE) L EMEORRER T RT ’ifﬂﬁﬁ%@’lﬁﬁ?




DA E LT, 19994 iZPetersen? 25208 L 720 MCIH
FRRY—LBETH LI, ZOLPIZZADIIBITYT S
BEFBRIEING, 4 FICO5BHAETI, £
5% 7R ¥ amnestic MCI & ZHT S NzB, 1EH7120
#12% FOADNEITT 522, ADNBATT 5 MCI
(converter) 12 BV T3, ADDRRFEEMEI & B
L7 BEEHOBRTIAELTVAELEZ LN TV S,
ADNDOBFT*FRTARB—F — ML ZHEET
Brgehs, BAILGSPECT, M#EAHPET. MRI%Z AW T
TN T &7, converter & non-converter ¥ 547 % E{L
LT, B2 5N E T TEHEEE 2V LAHER
HTHHILIERETBBURILEL TWEEY),
B IRE B L T, converter & non-converter & 53

i Bpredictor T B &\ ) FERM & HEHFREIL B

RO NEETH S L TEIREOIGPNT VS, &
7z, AMERGERAL & LT, BUSHRTE. K. RAEED
EFshTwa (R 3),

Mosconi 5212 & 5 &, MCIE%E T b ApoE e4BInF
¥ ) TiE, eddEF v ) 7 LT 2 L WEHRGE.
BEERET L D RCERBETIROONIZEV ),
ApoE e BIZF N F ¥ ) Tid. R VD, 35
CEEEEOBRED G, R SR IR E ~ BH

B3 MCI(AD converter)(D[I 123]IMP SPECTB%JHIBM%
FBH» O TR, Wi, 3D-SSPi%&{E, 3D-SSPZX I 7E{E. MCIEAT, THEREIPC), mﬁ%@ank
FTHABEBLN, TVINAT—ROBREFFET L EEDRS.

5. REAEESHCETLTEY ., ADNEBREE
BEONY — Y ERTIEPMONT B,
73IOA FREHANDAA—V YA ML —H—DlK
RLEPATORAT VD, BERLENLT IO FL
A=Y v+ L—4%—i&, PIB(Pittsburgh Compound
B)™Ta& %, PIBit. ADEDLB (#%ih) 2 B T5Z &
T & 2\t AD EFTD (i) 7% & O RAE & EFIF
B ENTED, PIBORMASRIE, MCIBRETIEY
BF L TE Y . MCLEERS T converter D Fifll H3
57T, MCILD ﬁuj@é’il"”f’@ADﬂr :
X3 EHEFEINTRD,

4. L7 1 MEBUBBAIAE
V7 4 AMERIERAE (dementia with Lewy."
DLB)it. ADICRWTHENBVEE X!
WRHETH 5, RAMREOLEE, /=F
OREEEOERET D, TOBHIEEL
35%7—775771&Hmﬁ@&§
Bl ERHERORRL. —KHHE
%ﬁﬁ%ﬁ%uﬁﬁémﬁ[ﬁﬁ'



. BECOBRRBETRRDONZV (B 4).

DLBCIRBEMEMAEARF—/33 M3 1 T Sl = g
AL TB Y, [F-18]FDOPA (fluoro-L-dopa) PETHR
EH. BEIRLOEELORTWAY, Tz, [I-
123]MIBG (metaiodobenzylguanidine) DY v FRE
LEWNCHERTH S,

Rk /A HEZE TOENBK LOMBERI, *EE
#HFE . DLBRADD L&A 5 ) L THHEILAD
HiEETH HH, RETREVIETHE®, T, E)]
HRER R T 13 B O BHE T 25380 6 LT, B HEE
D7 M TR L B EE Sh T b, MERET
fyicit. DLBJRZE L ADREH BB LMD I LN
5B, TIOA FAA=I VT b L—F—THEPIBT
. AD L DLBIIERITE 2\,

5. HITAMERSME (FEMNERENE)

BT 58 {1 95 B 2 £N4E (frontotemporal dementia . FTD)
1. BTEEEE. BIGAZEIC. FOELAEUERRTET VY
NA T —ROEEERAEL BB LMETH S, €O
BH Db DA, BIEMEELMIE (frontotemporal lobar
degeneration : FTLD) &\ ) & TH %3, FTLDI,
Es50&) CHREND, BWEETIE, FILDZ, 32

ORIV 7 [frontotemporal dementia (FTD). se-
mantic dementia(SD). progressive non-fluent aphasia
(PA) 1125} 5o FTDIL, FLD (frontal lobe degeneration)
type. Pick type. MND (motor neuron disease)type® 3
FERER & FTD® S . Pick type LFLD typeid, &b
— g ¥ 4 7T, HERHARBRORE, BiEOH
16, FREO R E Vo IATEIR AN OZELHIHHFR TS

28 (466)

T a4 DLBOBKBPETERE
SE g D3D-SSPRBR, FE:33D-SSP ZA 3 7 Ei{g (DLBEAEHICH L TET LTWwAER).
L HIEE~ R B RE, MEEESEHICMRT,

R ORMEBORE

—~RPEFLECREECERHIET LTS,

FTD FLD type
FTILD ——1—— PA —— Pick type
L sD L MND type

®5 FTLDOEEEZ (Neurology 1998)
FTLD : frontotemporal lobar degeneration, FTD . frontotemporal
dementia, PA . progressive non-fluent aphasia, SD: semantic
dementia, FLD : frontal lobe degeneration, MND : motor
neuron disease

%, Pick £ FLD type i3 ERFRAEMBRI I XA R
EHE WV,

SEIH e Pick typeld. BTSHZEICASHROAY L, g 1fn
FAET %770 FLD type® &9 T, MIMHE / EAHO
ET ST, IR & WIS (I ATER) . B, Mg
KERL. 56— KESREFC/MNFREFT S &
b5, FERCETEMLE OBENDH L L INT
BY . EEHHEILOML BB OBT, 105
ETEHRUEARLZ S, %8, SDb. HEEE LRI ICE
. MmeE / EAKHOBTERL, HEMBEEHTDH
Ho

FTD TS R E ~ ATk, SHIESE A I RAH
BF2ELAZELHIDT, > S RO BB HE
TOHEEY S T, HHMIZCADELFTDREHTH I LR
cErRv, T, BT — v E LRERERR
1R AT 1A% L 1 #EJ (progressive supranuclear palsy -




PSP) L DEFMNRIBEE 22T REE O H S,

6. IN—F VIR
PDRBHEISVAEERERT, BERAKRO
K 83 VB -0 v OERICRET S 8T EE
EEEENIERTCH L, N33 VYT T ARG
WETT A, BBV THRY T 7 ABRERLN
2, LIoT, MY+ 7ADBEEEY A 5 [F-18]
FDOPA. BV F 7ADK—=NI Y}V AKR=F =
#4+ 5 [F-18]CFT, [1-123]B-CIT& WV o7z b L —
F—THYF T AR, F—NIVBEYFTRACHFET S

SRKICEST S [C-11)raclopride TH ¥ T 7 X
%‘%h?ﬂﬁﬁé:&f\ﬂ~#yvyﬁ®ﬁ%%4

VITAIENTES(H6).

“'Iﬁl(m. | ERS IR 2 NS — VIREEL
Tevee 7275 L. REBNC & o Tid, BB TR
BE TR E Y, REETOREREE,
—&ﬁ@%@%ﬁ%ﬁﬁﬁ%ﬁ%wmtwotﬁm%i
T bbb, HEREEOMITIRETAMEE & A8
T 54, ¥/, visual hallucination® 7R T BE Cl3 £ LA
FEETEAETE (Y, BEREREDRVETIRER
%~Eﬁ%ﬁﬁﬁ%ﬁﬁwmtw5ﬁmﬁbéo

SN—% VY UHETH, EBREOMICBABENET

6 PDOK—NI HRA2-J2T

A B—EEOMRI T13HBER

B ([F-181FDOPA PETHEH{Z

¢ [C-11lraclopride PETE{&
FDOPAWREI Y F 7 AIZEF L, racloprideidft Y 7 A OD2XFHIC #4775, FDOPAIL, ELGDOHR 4
CEBMPOHBEMICERIETLTYS. raclopride DEREETRZH L RL V.

¥ LIZ LR Y. $RMELFAT T L (Parkinson’s
disease with dementia : PDD) b B L { &\’ PDD&
DLBIE. i< &5 L EBENICR2 2B ERTHT b
BB, LY 4 HELRTER(Lewy body disease) &
LT—2NARS FTAEENDEEZLN TS,

[&E&H]
1)Itoh M, Hatazawa J, Mlyazawa H, et al: Stability of cere-:_-‘
bral blood flow and oxygen metabolism during normal agmg_{; .
Gerontology 36: 43-48, 1990 ’
2)Meltzer CC, Cantwell MN, Greer PJ, et al: Dose céré
blood flow decline in healthy aging? A PET- st
partial-volume correction. J Nucl Med 41: 1842-1848

* 3)Herholz K, Salmon E, Perani D, et al: Discrimi
tween Alzheimer dementia and controls by autom di

sis of multicenter FDG PET. NeuroIlmage 1 7:302- 3

" 4)Moeller JR, Ishikawa T, Dhawan V, et al: Th_
topography of normal aging. J Cereb Blood F
16: 385-398, 1996 -
5)Yanase D, Matsunari I, Yajima K, et al: Br"
study of normal aging in Japanese: effect
rection. Eur J Nucl Med Mol Imaging 32

6) Van Laere K, Versijpt J, Audenaert K, et al:
perfusion SPET: variability, asymmetry-a
and gender in healthy adults. EurJ Nucl'M
2001 L



WERH  HsuEH4 T 2007

nishi T, Asada T, et al: Correction for par-
ects on 'i):rai_r'\ perfusion SPECT in healthy
od 44: 12431252, 2003
a H, Asa.da T, et al: Gender difference in brain
9omTc-ECD SPECT in aged healthy volunteers after
n for partial volume effects. Nucl Med Commun
25:999-1005, 2004
9)Afip‘el>_r‘nan AP, van der Graaf ¥, Vincken KL, et al: Total
cerebral biood flow, white matter lesions and brain atrophy:
the SMART-MR study. J Cereb Blood Flow Metab, 2007
(in press)
10)Jouvent E, Viswanathan A, Mangin JF, et al: Brain atro-

phy is related to lacunar lesions and tissue microstructural
changes in CADASIL. Stroke 38: 1786-1790, 2007

11)Volkow ND, Logan J, Fowler JS, et al: Association between
age-related decline in brain dopamin activity and impair-
ment in frontal and cingulate metabolism. Am J Psychia-
try 157: 75-80, 2000

12) West RL: An application of prefrontal cortex function theory
to cognitive aging. Psychol Bull 120: 272-292, 1996

13)Goldberg S, Smith GS, Barnes A, et al: Serotonin modu-
lation of cerebral glucose metabolism in normal aging.
Neurobiol Aging 25: 167-174, 2004

14)McKhann G, Drachman D, Folstein M, et al: Clinical di-
agnosis of Alzheimer’s disease: report of the NINCDS-
ADRDA Work Group under the auspices of Department of
Health and Human Services Task Force on Alzheimer’s
Disease. Neurology 34: 939-944, 1984

15) Sakamoto S, Ishii K, Sasaki M, et al: Differences in cere-
bral metabolic impairment between early and late onset types
of Alzheimer’s disease. J Neurol Sci 200: 27-32, 2002

16) SPM web site: http://www.fil.ion.ucl.ac.uk/spm

17)Minoshima S, Frey KA, Koeppe RA, et al: A diagnostic
approach in Alzheimer’s disease using three-dimensional
stereotactic surface projections of fluorine-18-FDG PET.
J Nucl Med 36: 1238-1248, 1995

‘ 18) Ushuijima Y, Okuyama C, Mori S, et al: Brain perfusion
follow-up in Alzheimer’s patients during treatment with
acetylcholinesterase inhibitors. Ann Nucl Med 20:425-429,
2006:

19) Hanyu H, Shimizu T, Tanaka Y, et al: Regional cerebral
blood flow. patterns and response to donepezil treatment in
patients with Alzheimer’s disease. Dement Geriatr Cogn
Disord 15: 177-182, 2003

20)Nobili F, Ko‘uliba'ly M, Vitali P, et al: Brain perfusion fol-
low-up in Alzheimer's patients during treatment with ace-
tylcholinesterase inhibitors. J Nucl Med 43: 983-990, 2002

21)Shimizu S, Hanyu H; Iwamoto T, et al: SPECT follow-up
study of cerebral blood flow changes during Donepezil
therapy in patients with Alzheimer’s disease. J Neuroimaging

30 (468)

16: 16-23, 2006

22)Petersen RC, Smith GE, Waring SC, et al: Mild cognitive
impairment: clinical characterization and outcome. Arch
Neurol 56: 303-308, 1999

23)Chételat G, Desgranges B, de la Sayette v, et al: Mild cog-
nitive impairment: Can FDG-PET predict who is to rapidly
convert to Alzheimer’s disease? Neurology 60: 1374-1377,
2003

‘24)Drzeiga A, Lautenschlager N, Siebner H, et al: Cerebral

metabolic changes accompanying conversion of mild cog-
nitive impairment into Alzheimer’s disease: a PET follow-
up study. Eur J Nucl Med Mol Imaging 30: 1104-1113, 2003

25) Anchisi D, Borroni B, Franceschi M, et al: Heterogeneity
of brain glucose metabolism in mild cognitive impairment
and clinical progression to Alzheimer disease. Arch Neurol
62: 1728-1733, 2005

26)Hirao K, Ohnishi T, Hirata Y, et al: The prediction of rapid
conversion to Alzheimer’s disease in mild cognitive im-
pairment using regional cerebral blood flow SPECT.
Neurolmage 28: 1014-1021, 2005

27)Mosconi L, Perani D, Sorbi S, et al: MCI conversion to
dementia and the APOE genotype: 2 prediction study with
FDG-PET. Neurology 63: 2332-2340, 2004

28)Reiman EM, Caselli RJ, Yun LS, etal: Preclinical evidence
of Alzheimer’s disease in persons homozygous for the ep-
silon 4 allele for apolipoprotein E. N Engl J Med 334: 752-
758, 1996

29)Reiman EM, Chen K, Alexander GE, et al: Functional brain
abnormalities in young adults at genetic risk for late-on-
set Alzheimer’s dementia. Porc Natl Acad Sci U S A 101:
284-289, 2004

30)Klunk WE, Engler H, Nordberg A, et al: Imaging brain
amyloid in Alzheimer’s disease with Pittsburgh Compound-
B. Ann Neurol 55: 306-319, 2004

31)Rowe CC, Ng S, Ackermann U, et al: Imaging beta-amy-
loid burden in aging and dementia. Neurology. 68: 1718~
1725, 2007

32)McKeith 1G, Dickson DW, Lowe J, et al.: Diagnosis and
management of dementia with Lewy bodies: third report
of the DLB Consortium. Neurology 65: 1863-1872, 2005

-33)Ito K, Nagano-Saito A, Kato T, et al: Striatal and extrastriatal

dysfunction in Parkinson’s disease with dementia: a 6-(**F]
fluoro-L-dopa PET study. Brain 125: 1358-1365, 2002
34)Hanyu H, Shimizu S, Hirao K, et al: The role of 1231-
_ metaiodobenzylguanidine myocardial scintigraphy in the
diagnosis of Lewy body disease in patients with dementia
in a memory clinic. Dement Geriatr Cogn Disord 22: 379~
384, 2006
35)Minoshima S, Foster NL, Sima AA, et al: Alzheimer’s dis-

ease versus dementia with Lewy bodies: cerebral metabolic

ST




distinction with autopsy confirmation. Ann Neurol 50: 358-
365, 2001

36) Neary D, Snowden JS, Gustafson L, et al: Frontotemporal
lobar degeneration: a consensus on clinical diagnostic cri-
teria. Neurology 51: 1546-1554, 1998 .

37)Ishii K, Sakamoto S, Sasaki M, et al: Cerebral glucose me-
tabolism in patients with frontotemporal dementia. J Nucl
Med 39: 1875-1878, 1998

38)Jeong Y, Cho SS, Park M, et al: "*F-FDG PET findings in
frontotemporal dementia: an SPM analysis of 29 patients.
J Nucl Med 46: 233-239, 2005

39)Le Ber I, Guedj E, Gabelle A, et al: Demographic, neuro-
logical and behavioural characteristics and brain perfusion

SPECT in frontal variant of frontotemporal dementia. Brain

129: 3051-3065, 2006
40)Nagano-Saito A, Kato T, Arahata

paired cortical visual processing. J Neurc] Néuro
chiatry 74: 419-422, 2003 .
42)Nagano-Saito A, Washimi Y, Arahata Y, et al \%
lucination in Parkinson’s disease with FDG PE
Disord 19: 801-806, 2004
43) Arahata Y, Hirayama M, leda T, et al: Parieto-occipital-glii
cose hypometabolism in Parkinson’s disease With.dut
failure. J Neurol Sci 163: 119-126, 1999 .




Available online at www.sciencedirect.com

- . Infant
°s° ScienceDirect Behavior &

Development

ELSEVIER lnfant‘Behavior & Development 30 (2007) 146-152

Spontaneous smile and spontaneous laugh:
An intensive longitudinal case study

Kiyobumi Kawakami®*, Kiyoko Takai- Kawakam1 Masakl Tomonaga®,
Juri Suzuk1C Fumiyo Kusaka9d, Takash1 Okaid

4 University of the Sucred Heart, 4-3-1, Hiroo, Shibuya-ku, Tokyo 150-8938, Jupan
b Jupan Women's University, 2-8-1, Mejirodui, Bunkyo-ku, Tokyo 112-8681, Jupun
_ ¢ Primate Research Institute, Kyoto University, Kanrin, Inuyama, Aichi 484-8506, Japan
4 Showa University, School of Medicine, 1-5-8, Hatanodai, Shinugawa-ku, Tokyo 142-8666, Japan

Received |S May 2006; received in revised form 8 August 2006; accepted 9 August 2006

Abstract

One male infant was observed from the day of his birth to the end of the 6th month. Total observation days were 171 days,
and total observation time was 329 h 25 min and 35s. Five hundred and sixty-five spontaneous smiles and 15 spontaneous laughs
(smiles accompanied by vocal sounds) were observed. Developmental psychologists have thought that spontaneous smiles integrate
at about 3 months, but spontaneous smiles were recorded even in the 6th month. The percentage of bilateral smiles increased from
the 2nd month. This is the first intensive longitudinal study on spontaneous smiles and spontaneous laughs.
© 2006 Elsevier Inc. All rights reserved.

Keywords: A newborn infant; Spontaneous smiles; Spontaneous laughs; An intensive longitudinal case study

In astudy of observations of newborns, Wolff (1959) noted: “Spontaneous smiling (defined as a slow, gentle, sideward
and upward pull of the mouth, without rhythmical mouthing movements or contraction of other facial muscles) was
observed ... during irregular sleep, drowsiness, and alert inactivity, but never during regular sleep, alert activity, or
between bursts of crying (p. 115)”. And Wolff (1987) wrote that “Endogenous or spontaneous smiles in sleep . . . have
sometimes been referred to as precursors of social smiling (p. 39)”. Spontaneous smiles might be one of the roots of
our positive emotions.

Certainly several researchers have observed spontaneous smiles (Emde, McCartney, & Harmon, 1971; Freedman
1965, 1974; Gewirtz, 1965), but there has been little systematic research. We know two exceptions: Shimada (1969)
observed 84 infants from | to 7 weeks cross-sectionally (at one point in time). He found that spontaneous smiles tend
to be more frequent at first, and, with time, their frequency decreases while their duration increases. Messinger et al.
(2002) studied Duchenne smiles (involving cheek raising) and non-Duchenne smiles (absence of cheek raising) in 25
neonates (mean age = 55 h). One-half of the neonates showed bilateral Duchenne smiles. -

Kawakami et al. (2006) presented the fundamental data of spontaneous smiles and spontaneous laughs (smiles
accompanied by vocal sounds). They observed 10 newborn infants cross-sectionally and 6 infants longitudinally. Uni-

* Corresponding author. Tel.: +81 3 3407 5811; fax: +81 3 3407 1986.
E-mail address: kawakami@u-sacred-heart.ac.jp (K. Kawakami).

0163-6383/$ — see front matter © 2006 Elsevier Inc. All rights reserved.
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lateral spontaneous smiles were more common than bilateral smiles in neonates, but by 2 months, 80% of spontaneous
smiles were bilateral. The mean duration of spontaneous laughs was longer than that of spontaneous smiles, and all
spontaneous laughs were bilateral.

Both Messinger et al. (2002) and Kawakami et al. (2006) claim the necessity of longitudinal studies on spontaneous
smiles to shed light on the genesis of affective expressions. This paper is the first intensive longitudinal research on
spontaneous smiles and laughs. This preliminary study will explore more elaborate longitudinal research design for
studying these behaviors.

Kawakami et al. (2006) concluded that “spontaneous smile” and “spontaneous laugh” might be different behaviors
from the beginning. Recently, Waller and Dunber (2005) examined smiling-like display and laughing-like display in
chimpanzees. To consider more detail on differences between spontaneous smiles and laughs in humans, we want to
add longitudinal data.

The purposes of this study were (1) to present intensive longitudinal data of spontaneous smiles and spontaneous
laughs, and (2) to further investigate the differences/similarities of spontaneous smiles and spontaneous laughs.

1. Method
1.1. Participant

One Japanese boy was observed from the day of his birth to the end of the 6th month. He had no recognized medical
problems, and had experienced normal delivery. His birth weight was 2610 g. The Apgar score at the delivery was 9,
and 5 min later it was 10. The gestational age was 38 weeks 6 days.

1.2. Procedure

Itis difficult for researchers to record spontaneous smiles and laughs systematically because they occur unpredictably
in association with irregular sleep. As adopted by Kawakami et al. (2006) and Takai (2005), we asked the mother to
record spontaneous smiles and laughs by herself. The recording conditions were (1) record baby’s face from near -
position, (2) at sleeping time, (3) on a bed if possible, (4) in silent circumstances, (5) using a tripod if possible.

Total observation days were 171 days within 181 days (6 months), and total observation time was 329 h 25 min and
355, 7.6% of that period of his life time. The recording strategy of the mother was “(1) all sleeping time in their home,
(2) in silent circumstances, (3) when she was awake”.

According to Japanese regulations, we are not required to obtain approval for this work from a Research Ethics
Committee.

1.3. Definition of “spontaneous smile”

Oster (1978) used three criteria to code an infant’s smile: (1) the action had to appear subjectively smile-like when
viewed at normal speed; (2) there had to be more than a trace of AU12 [Action Unit in the Facial Action Coding System
(FACS), Ekman & Friesen, 1978]; and (3) the AU12 component of the smile had to be visible for at least 1s. AU12 (lip
corner raising) is recognized as the basis of all smiles by other researchers (Messinger et al., 2002). Also, “lip corner
raising” is an important criterion in other facial coding systems [e.g., Code 52 in The Maximally Discriminative Facial
Movement Coding System (MAX), Izard, 1983].

We used strict criteria for identifying spontaneous smiles as follows: (1) lip corner raising (AU12 in FACS and
Code 52 in MAX); (2) during irregular sleep, drowsiness; (3) without known external or systematically demonstrable
internal causes (Wolff, 1961); (4) continuing more than 1 s; (5) smiles continued within 1/6 s are combined; (6) smiles
with vocal sounds are defined as spontaneous laughs. The second criterion was used because we cannot discriminate
between spontaneous and elicited smiles during an alert inactivity state.

First, we checked all tapes recorded by the mother. Second, the onset and offset of smiles and laughs were determined
as follows. Our digital video camera recorder had a button to move a video sequentially by 1/30s. When we found a
smile or laugh, we moved the video back sequentially to the onset frame (immediately prior to which there were no
facial movements). And from the onset, we moved the video forward sequentially to the offset (1mmed1ately following
which there were no facial movements).
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1.4. Coding

Two coders independently identified spontaneous smiles and laughs using the Digital Video Camera Recorder
(SONY DCR-PC110). Only spontaneous smiles and laughs identified by both coders were included in the subsequent

analysis. The percentage of intercoder agreement was 91.67%. Correlation of the event durations recorded by the two
coders was r=.79 (p <.0l).

2. Results
2.1. Spontaneous smiles

From the 9th day (no spontaneous smile was recorded until the 9th day) to 181-day-old, 565 spontaneous smiles
were observed. The durations of spontaneous smiles were determined by averaging the durations recorded by the two
coders. The mean duration was 2.57s (S.D.=1.28).

The second column of Table |1 shows the means of durations of spontaneous smiles per week. We can observe
spontaneous smiles as late as 6 months of age. The fourth column shows the frequencies of spontaneous smile. By the
methods adopted by this study, the comparisons of frequencies are not valuable.

At ages 4—6 months, the baby sometimes slept prone. Sixty-three spontaneous smiles were observed in this position.
It is very difficult to determine the lateralities of smiles in these cases. And two spontaneous smiles were observed
when he was held by the mother. Five hundred spontaneous smiles were analyzed and the lateralities noted.

Three hundred and fifty-eight were bilateral (see Fig. 1A), and 142 were unilateral. The percentage of bilateral
smiles among all smiles increases from the 2nd month as shown in Fig. 2. The number of unilateral spontaneous smiles
on the right side of his face (see Fig. 1B) were the same as the number on the left side (see Fig. 1C; 71, respectively).
When lying on one side, unilateral spontaneous smiles were more frequently observed on the side of the face away
from the surface of the bed [top side: 112, bottom side: 7, x2 (1)=92.6, p<.01].

Table 1

Development of spontaneous smile
Weeks M duration (s) S.D. Frequencies
2 2.64 1.09 21
3 2.96 1.78 19
4 2.72 9 18
5 2.09 a7 i1
6 2.48 1.4 16
7 1.79 44 : 8
8 1.83 32 4
9 2.43 1.39 14
10 2.38 61 10
11 2.05 .89 44
12 2.66 1.18 47
13 2.43 96 19
14 2.41 1.7 16
15 ) 248 - 114 . 36
16 i 2.59 1.13 18
17 2.78 14 27
18 3.01 1.43 18
19 2.72 1.64 . 36
20 2.27 1.03 56
21 2.93 - 1.59 28
22 2.75 1.07 18
23 3.03 1.66 18
24 2.37 : 1.05 31
25 3.1 2.1 ' 8

26 _ 3.01 _ 1.44 - 24
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| A (76 days-old)

B (79 days-old)

C (87 days-old)

Fig. 1. (A-C) Bilaretal and unilateral spontaneous smiles.
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Fig. 2. Percentages of bilateral spontaneous smiles by month.
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Fig. 3. Smiles bursts.

2.2. Spontaneous laugh

Fifteen spontaneous laughs, from 11- to 181-day-old, were observed. The mean duration of spontaneous laughs
was 4.37 s (S.D.=1.89). The mean duration of spontaneous laughs was longer than that of spontaneous smiles [F(1,
578)=28.34, p <.001]. There was no developmental change in the duration of spontaneous laugh.

The laterality of one spontaneous laugh could not be determined because he was sleeping on his stomach. Thirteen
out of 14 spontaneous laughs were bilateral. One unilateral spontaneous laugh (left side of the face) was observed at
133-day-old.

2.3. Smile bursts

Takai (2005) defined the bursts of spontaneous smiles as a “period of more than 7 spontaneous smiles in 7 min”. In
the longitudinal study on one male infant’s first 6-months, Takai (2005) found seven smile bursts.
Fig. 3 shows the smile bursts of this study. Two smile bursts, at 73 and 137-day-old, were found.

3. Discussion

First, we should recognize that we observe spontaneous smiles even in the 6th month (mothers reported to us that
they observed them after the 12th month). Kagan and Fox (2006) noted: “. .. the 1st year consists of two important
transitions. One occurs at 2-3 months, and the second at 7-12 months of age. The first transition is accompanied
by disappearance of newborn refiexes, endogenous smiling, ... (p. 169)”. The results of this study prove that the
description on spontaneous smiles in the influential handbook should be changed. At 2 months, infants show socially
elicited smiles (Rochat, 2001). Spontaneous smiles and social smiles coexist during infant periods. Spontaneous smiles
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do not transform into social smiles. These might be the most important results of this longitudinal study. Our positive
emotions may have several roots.

From Fig. 2, the rise of bilateral smiling began at the 2nd month. Kawakami et al. (2006) discussed that developmental
changes in the brain might cause this phenomenon. By the development of cerebral control, unilateral spontaneous
smiles may be changed to bilateral spontaneous smiles. For this child, dramatic changes appeared at the 2nd month.
By analyses of the brain at the time of spontaneous smiles, especially at the time of “smile bursts”, we will learn some
phases of developmental changes.

The asymmetrical tonic neck reflex (ATNR) is observed during the first 2 or 3 months of life, and it is usually
integrated by 6 or 7 months (Snow, 1989). Can we relate the results of Fig. 1 to ATNR? Both Hauser (1993)’s rhesus
monkeys and Holowka and Petitto (2002)s’ human infants showed right hemisphere dominance for the production of
facial expression. There was no dominance of lateralities in this study. This is a case study, so we need to study more
cases to generalize the results.

Waller and Dunber (2005) observed silent bared teeth display (smiling-like) and relaxed open mouth display
(laughing-like) in chimpanzees, and they discussed the differences of the two displays. Their motphological defi-
nitions of “smiling-like” and “laughing-like” displays are a little different from ours. The results of this study show
that the durations of spontaneous laughs were longer than those of spontaneous smiles, and almost all of spontaneous
laughs were bilateral as shown by Kawakami et al. (2006). Only one spontaneous laugh was unilateral in this case. This
unilateral spontaneous laugh was observed at 133-day-old. Kawakami et al. (2006) claimed that “Spontaneous smile”
and “Spontaneous laugh” might be different behaviors from the beginning. We confirmed this claim by the results
of this study. To study the origins of spontaneous smiles and spontaneous laughs, it might be necessary to abserve
premature babies and to watch fetuses using a three-dimensional ultrasound scope.

To compare the frequencies of spontaneous smiles by weeks/months, fixed schedules of observation may be better
using many participants.
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Abstract Though many nonhuman primates possess a laryngeal sac, the great apes
are unique in their great size. Though an enlarged sac probably arose in their
common ancestor, its functional adaptations remain a matter of debate. Its
development in extant great apes is likely to provide valuable information to clarify
the issue. We used magnetic resonance imaging to examine the development of the
laryngeal sac in 3 living chimpanzees, age 4 mo—5 yr, and identified 2 distinct
growth phases of the sac. A gradual growth of the sac in early infancy results in a
configuration so that it occupies the ventral region of the neck; many adult non-
hominoid primates having a sac show the configuration. The subsequent rapid
expansion of the sac in late infancy causes the final configuration in chimpanzees,
wherein the sac expands into the pectoral, clavicular, and axillary regions. The latter
phase possibly arose at latest in the last common ancestor of extant great apes and
contributed to the evolution of the enlarged sac, despite the later evolutionary
diversification in adult sac anatomy and growth. As many studies have advocated,
the enlarged sac probably plays a role in vocalization in adults. However,
physiological modifications in the laryngeal region during infancy are likely to
provide valuable information to evaluate the functional adaptations of the enlarged
sac in the great apes.
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Introduction

Many species of nonhuman primates have a laryngeal air sac, an accessory mucosal
membrane pouch growing out from the laryngeal region (Hayama 1970; Hewitt
et al. 2002; Negus 1949; Starck and Schneider 1960). There are 5 forms among
nonhuman primates, based on the anatomy of the opening to the laryngeal region
(Hayama 1970). Though there are controversies regarding the distributions of forms
of air sacs among primates (Hewitt et al. 2002), all great apes and siamang definitely
share 1 type: a ventricular sac that extends ventrally from bilateral laryngeal
ventricles to fuse in front (Hayama 1970; Hewitt ef al. 2002; Negus 1949; Starck and
Schneider 1960). By contrast, other gibbons and humans have bilateral laryngeal
ventricles, but no true laryngeal sac (Fitch 2000; Hayama 1970, 1996; Hewitt ef al.
2002; Némai and Kelemen 1933; Negus 1949; Starck and Schneider 1960). The
great apes are unique in having an enlarged sac extending into the pectoral and
axillary regions (Avril 1963; Brandes 1932; Hayama 1970; Hewitt ez al. 2002;
Kleinschmidt 1938; Negus 1949; Raven 1950; Starck and Schneider 1960), though
many other primates have a smaller sac, at the largest extending to the ventral region
of the neck (Hayama 1970; Hewitt et al. 2002; Negus 1949; Starck and Schneider
1960). : ‘

In chimpanzees, the bilateral sacs fuse with each other in front of the region
between the hyoid bone and the thyroid cartilage (Avril 1963). The fused sac
expands superiorly to form an unpaired recess at the dorsal aspect of the hyoid body
(hereafter, the hyoidal recess). Inferiorly, it forms a long unpaired recess along the
ventral aspect of the laryngeal cartilages and trachea to reach the sternum (hereafter,
suprasternal recess). From here, the sac expands further to form an unpaired recess at
the ventral aspect of the pectoral region (hereafter, presternal recess) and bifurcates
to form bilateral recesses extending into the infraaxillary regions (hereafter, axillary
recesses). :

The exact functions and evolutionary adaptations of the enlarged sac in the great
apes remain matters of debate (Fitch and Hauser 2003; Hewitt et al. 2002;). The
enlarged sac likely arose at the latest in the last common ancestor of the extant great
apes, an evolutionary step that possibly involved changes in the rate or timing of
existing developmental processes or novel growth processes (Gould 1977;
McKinney and McNamara 1991; Rice 2000). Therefore, the changes in physiology
that accompany distinct developmental events contributing to the formation of the
enlarged sac in extant subjects are likely to shed light on its original functions.
Unfortunately, there is little information on the growth of the laryngeal air sacs in
great apes (Table I; Avril 1963; Brandes 1932; Huber 1931; Kleinschmidt 1938). We
used magnetic resonance imaging (MRI) to examine the growth of the laryngeal air
sac in 3 living chimpanzees age 4 mo-5 yr.

Methods

We studied 3 chimpanzees: Ayumu (male), Cleo (female), and Pal (female). They
were born in 2000, and the biological mothers reared them in the Primate Research
Institute, Kyoto University (PRI; Matsuzawa 2003). We took sagittal tomographic
@ Springer
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images of their necks at PRI via a General Electrics Signa Profile MRI scanner (.2
Tesla), at scheduled intervals from 4 mo to 5 yr of age (Table IT). The MRI protocol
and experimental procedure in this study are per Nishimura et al. (2003, 2006). We
anesthetized the subjects intramuscularly with a mixed solution containing 3.5 mg of
ketamine hydrochloride (Sankyo, Tokyo) and .035 mg of medetomidine hydrochlo-
ride (Meiji Seika Kaisha, Tokyo) per kg of body mass, but we sedated subjects>4 yr
orally with 3.75 mg of droperidol (in 1.5 ml) before anesthetization. We scanned
them, placing them supine with their heads fixed to the coil with belts. All imaging
sequences are sagittal spin echo series with fields of view of 18-28 cm, with
2.7 mm or 3 mm slice thicknesses and .8 mm or .5 mm gaps between slices
(Table II). The matrix of all MR images is 256%256 pixels, and image resolutions
ranged from .7x.7 to 1.09x1.09 mm/pixel. Care and use of the subjects adhered to
the guidelines of the PRI (1986, 2002), and the Ethics Panel of the PRI approved the
MRI examination protocol.

We measured the linear dimensions of the laryngeal air sac on MR images
transferred to a personal computer via ImageJ software (W. Rasband, National
Institutes of Mental Health, Bethesda, MD; http://rsb.info.nih.gov/ij/). Standard
planes on the midsagittal plane were as follows: VLT, ventral line of the trachea;
ACG, the level of the anterior commissure of the glottis; SSt, superiormost level of
the stermum. Definitions and illustrations are in Table III and Fig. 1, respectively.
The measurements included Ly, the length of the hyoidal recess, parallel to VLT
from the superiormost to the inferiormost points of a growing sac before it reached
the ACG, or its length to the ACG after the sac had already grown below it; Lg, the

Table I Morphological studies on the laryngeal sir sac in great apes

Species Studies Sex n* Developmental stages (sample size)"
Pongo Brandes (1932) Male 14 Adult (10), adolescence (1), juvenile
pygnaeus (1), neonate (1), 5 yr (1)
Female 6 Adult (4), adolescence (1), juvenile (1)
? 1 2mo (1)
Avril (1960) Female 1 10 yr (1)
Hayama (1970) Male 2 Adolescence (2)
Female 3 Adult (1), adolescence (2)
Gorilla gorilla Kleinschmidt (1938) Male 1 10yr (1)
Raven (1950) Male 1 Adult (1)
Hayama (1970) Male 1 Adult (1), adolescence (1)
Female 1 Adult (1), adolescence (1)
Pan troglodytes Avril (1963) Male 3 Infant (1), juvenile (1), 15 yr (1)
Female 4 Fetus (1), infant (1), 6 yr (1), 9 yr (1)
? 3 Juvenile (1), probably infant (2)
Hayama (1970) Male 1 Adolescence (1)
Female 3 Adult (1), adolescence (2)
present study Male 1 4 mo-5 yr° (1)
Female 2 4 mo-5 yr° (2)

2?=unknown

® Total sample size for each study.

® Developmental stages of the subjects and sample size at each stage. If known, chronological age of each
subject at the time of study.

©We examined the subjects longitudinally, as in Table II.
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Table II Ages of the subjects at the times of scans, parameters of MRI scanning, and measurements
of dimensions

Subjects Age Pixel sizes® FOV Thickness (inter-slice gap)" Ly L
(mo) (mm/pixel) (mm) (mm) (mm) (mm)
Ayumu 4 .74 190 2.7(.8) 8.29 absent
6 .70 180 3.0 (.5) 9.90 49
9 74 190 2.7 (.8) 12.34 1.48
12 .70 180 3.0 (.5) -15.34 233
18 .70 180 3.0 (.5) 15.85 3.12
22 .90 230 2.7 (.8) 15.74 436
25 .86 220 3.0 (.5) 17.58 3.04
30 .98 250 3.0 (.5) 18.48 8.15
36 1.09 280 3.0 (.5) 21.42 14.32
42 98 250 3.0 (.5) 2.89 54.22¢
48 98 250 3.0 (.5) 21.50 53.55¢
52 .98 250 3.0 (.5) 19.30 53.824
54 .98 250 2.7(.8) 26.77 —_—
60 98 250 3.0 (.5 28.05 —
Cleo 4 70 180 3.0 (.5) 7.04 1.12
6 70 180 3.0 (.5) 125 . 43
9 70 180 3.0 (.5) 8.58 137
12 74 190 2.7(.8) 1.36 2.18
18 .70 180 3.0 (.5) 1.86 1.96
25 .86 220 3.0 (.5) 1437 ° 9.86
31 .98 250 3.0 (.5) 18.50 38.84¢
36 .98 250 3.0 (.5) 18.71 39.90°
43 98 250 3.0 (.5) 21.33 —
48 98 250 3.0 (.5) 25.87 54714
54 .98 250 3.0 (.5) : 27.86 —
60 98 250 3.0 (.5) 29.69 —
Pal 4 .70 180 3.0 (.5) 9.21 absent
6 74 190 2.7(.8) , 1.44 23
9 70 180 3.0 (.5) 8.44 2.88
12 .70 180 3.0 (.5) 11.45 6.99
18 70 180 3.0 (.5) 1378 - 9.67
24 .86 220 3.0 (.5 16.16 42.03°
30 .98 250 3.0 (.5) 15.32 —
36 .98 250 3.0 (.5) 18.97 48.82¢
42 .98 250 3.0 (.5) 17.84 5.82¢
48 .98 250 3.0 (.5) 22.23 —
54 98 250 3.0 (.5) 22.00 61.63¢
60 98 250 3.0 (.5) 25.48 —

Ly=length of the hyoidal recess of the laryngeal sac; Ls=length of suprasternal recess of the laryngeal sac;

absent=the suprasternal recess had not developed; —=no measurements because the landmarks were

outside the image field.

e ’I‘he values varied irregularly during infancy, but had little influence on the accuracy of measurements.
® This means that the slice interval of all scans was 3.5 mm, regardless of differences in slice thickness and

interslice gap.

© The sac almost reached the superior edge.

4 The sac had already expanded beyond the superior edge of the sternum.

length of the suprasternal recess, parallel to VLT, from the ACG to the inferiormost
point of the growing sac before it reached the SSt, or the length to the SSt after the
sac grew beyond that level (Fig. 1).
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Table ITT Definitions for the standard planes used

Landmarks and planes - Abbr.  Definition

Level of the anterior ACG  The line perpendicular to the VLT from the anterior commissure
commissure of the glottis of the glottis at the base of the epiglottis

Superiormost level of the SSt The line perpendicular to the VLT and tangential to superior
sternum surface of the stemum

Ventral line of the trachea VLT The most ventral straight line of the trachea

Results

We obtained good MR images showing the longitudinal growth in the laryngeal air
sac for each subject (Fig. 2), though for Ayumu at 4 and 6 mo, the images are
slightly obscure because of motion artifacts. Nevertheless, all the images were
adequate for the evaluation of anatomical development (Table 1I; Fig. 3).

We identified a small pouch at the dorsal aspect of the body of the hyoid at 4 mo
for all 3 subjects (Figs. 2a, 3). The sac expanded superiorly in the dorsal area of the
hyoidal body and inferiorly to the level of the anterior commissure of the glottis by
6 mo at the latest, for all subjects (Fig. 3). The air sac continued to expand superiorly
to occupy the entire dorsal area of the hyoidal body in the first year of life (Figs. 2b, 3).
It gradually expanded inferiorly to sit along the ventral aspect of the laryngeal
cartilages in early infancy, despite variations in growth rates (Figs. 2b, 3).

In all subjects, in late infancy the sac grew rapidly below the ventral aspect of the
trachea to reach and extend beyond the superior edge of the stemum (Figs. 2c, 3):
after 1.5 yrs for female Pal, after 2.5 yr for female Cleo, and after 3.5 yr for male
Ayumu (Figs. 2c, 3). The supra-and presternal recesses of the sac then widened
greatly (Fig. 2d). We did not evaluate further expansions of the sac into the pectoral,
clavicular, or axillary regions, which we did not image.

Fig. 1 Diagram of measurements of the laryngeal air sac. (a) Magnetic resonance (MR) image. (b)
Lengths of the hyoidal recess (Ly) and the suprasternal recess (Ls) of the laryngeal sir sac (las). ACG=
level of the anterior commissure of the glottis; SSt=superior-most level of the sternum; VLT=ventral line
of the trachea (see also definitions in Table IIT); eg=epiglottis; gl=glottis; hy=hyoid bone; str=sternum;
tr=trachea.
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Fig. 2 MR images of the laryngeal air sac for the same female chimpanzee (Pal). (a) At 4 mo, a small
pouch had formed in the dorsal area of the hyoid bone. (b) At 18 mo, the sac occupied the entire area dorsal
to the hyoid bone and inferior to the ventral aspect of the laryngeal cartilages. (c) At 24 mo, the sac had
expanded to reach the stemum. (d) At 48 mo, the sac had expanded inferiorly into the ventral aspect of the
pectoral regions and had widened at the level of the trachea. Scale in cm.
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