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A finite element analysis of the fundus hemorrhages accompanied by

shaken baby syndrome / abusive head trauma.
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BERETDIENLZDA N L ANLIHSGBEOEEZHM L ##
ERAHZLETEFLTLEY ZLICERT 2 —#HOEES
HRFE S 5B IVERERE (shaken baby syndrome or abusive
head trauma, SBS/AHT) & X5, MEEHICTH DI - TR
WHLWES R ER L 22D Z E NEL, BHENELEND Z
LWL VEEREENRLEZL SN, HIELZZELH D, K
FIRAL DS ELeER TS & DU R IMERIC 5 5 & A bR,
ZOTFHIZL T DS HBNRBHETHD. FxlL, SBS/AHT
DERIIER D 72N T HIREHMIZER U, # DR 4
TR 5 2 & T4 oS E oK R I E T
HILEEDILTNAS.

IRER & ZDEHZM L= BRERNFET VEMEEL, X
LWREESSVIZE b 72> TR IR IR IE DMK % #5132
T LRV HMIZED & D FAEME O Y M2 KREET D
ZEERLTVWG. ZOBARIZHOWTIE, ZRETIIWVLS D
MO T N—TIZ K> THRER ST N e ST &
R0 08 2FALEMMLLTESHEY, HESZE
GEHTHNCHIR T 5 Z E BN H3Ic TE TV o 7o, Tk
W, 9, MESF el AR &R & RIS AR A SR e A 5 & TR
WICEFENTND & D B OREER DO AE 1 72 585y O 7 % 1k
HLIZET VERWBT 2 LS BRT 2 0ERNH DL L E

Al 2T, HERBAIRREMARROZ TR SN D,

IREK & Z DRI 2 LA IREFR T T V& BB AT
27077 LERFEL, HFAEBIREOMIICH JIFLES
TR & IR if & D BEIZIZ S W T O 2 36 Z 72

STz
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T4 DPAFE L7~ Fortran9s 71 7' J AT L » CHEVAERE
NIZRERE Z OB ZE LA RERZE N FEET VOB %
Fig. 1129, YA R—Zi, MECAE V7 by =T /%y
r—3Td 5 HyperWorks v10.0 (Altair Engineering Inc.)
B ENDBREARESRMFNT Y 7 b7 =7 Toh 5 RADIOSS
RV, ZTOETFAOEMEIE, SusFha— Rodo
EBICLVRDICERTT D ENTED. T OBREIIL T
THMESZHET 22N TE D70, T2 hRAICHED
HILEMWMTED., ZOTTIVITIE, SBS/AT 2RI B ARIEH

MOFHEDIZDIIAENTH D EEZBND, HFE, Al

M, fEUHRE, IRE2TE L7, MERESIREIEIE, 158
IR & BRI LR T2 b D LB X HNToD T, JALDH
i LCTEET /LT, M AROEBRIMEzZN AR T T
Lo Lz ALK LIRET, BEhid b4 HimoFm

A Cd 5D SHELL BT, 11K & ENFARRE 8 Fim R
K& 5 BRICK EHR TR L 72, RIS ifkzk L L=
RSEERE L CHEEE LT,

SHE LIS P O X B H L7z (Table 1). BETK
DOHEHMESR (Young ) [THEEER 72 EOEMHFIC L K&
BTz enmon<Tnsd. ERICIE, FLBom A
EBWSARETH DS (ESREERE X — IRE Dr.
Yuri Kobayashi, #ME) Z &236, 80 kPa Z@HA L@, TR
WX ZOFETNVTCLE LIRS TE 5 TFRIZEV 1 kPa &
WHLEZ., ZOLICLTHELEZET VEHWVT, 300 mm

Fig. 1. The finite element mechanical model of an infant eye and
its surroundings used in this study. The vitreous, the cornea, the
sclera, the fatty tissue and the orbit of an infant eye were modeled.
Other parts of the eye, considered to have only minor mechanical
contribution to the fundus hemorrhages accompanied by
SBS/AHT, were not modeled.

Table 1. Dimensions and Young's moduli of each parts of the
finite element mechanical model of an infant eye and its

suroundings.

Property Value Reference
Radius of the eyeball 10 mm 2)
Thickness of the sclera 1 mm 2)
Radius of the orbit 16 mm 2)
Young's modulus of the sclera 310 MPa 3)
Young's modulus of the cornea 10 MPa 4)
Young's modulus of the fatty tissue 47 kPa 2)
Young's modulus of the orbit 18.6 GPa (5)
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Fig. 2. Pressure change distributions of the model of the infant
eye and its surroundings subjected to vigorous shaking at a cross
section orthogonal to the equatorial cross section. The models
were sinusoidally shaken for a distance of 300 mm with a
frequency of 4 Hz along the geometrical axis. Upper and lower
cross sections are from the model with the vitreous with Young's
moduli of 80 kPa and 1 kPa, respectively. Left and right cross
sections are from the posterior and the anterior ends of a typical

cycle of the shake.  Gray scales are in pascals.

DEHEA 4 Hz CIRBNCI - CERN T L < RS 5o 74
BEHEB L. ZOBORRIEEX 189 n/s> Th 5.

3. RLER

IRER 2 L < FE & S o 72BR 0, FRE I TEE 72 E P Wi s
B BENECDSG % Fig. 2 \RT. £7-, FSthick
DT IROBBERIC BT D E N ORI ZE L % Fig. 31

Pressure change (kPa)
)

S 44—ttt

0.0 0.2 0.4 0.6 0.8 1.0
Time (s)

Fig. 3. Time course of the pressure change of the vitreous at the
posterior pole due to vigorous shaking. Conditions of the shake
is as the same as that in Fig. 2. Solid and dotted curves are from
the model with the vitreous with Young's moduli of 80 kPa and 1
kPa, respectively.

R WLWREESRYEZMZ DI EICE - T, BEEORT
RAMEFIT I N T 2 kPa FEEE D IERA DFE LD ZE D bz,
7YX & A2 ERR TIE 1 kPa BRE DR DIE T K - THEIK
HIBEENE D Z EDNBESN TN DD T, S RIOSME: TR
JEH I & & T O A OBRENFHE I B AR+ aicd
LEEBEZLND. £z, T ERBEWESIZENEEN KX
{7po T3 (Fig. 3) Z &%, AHIRIZIIT D SBS/AHT 12
Lo THbINAEFELHEIELIERNL2-TNED
nEH Livin.,
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