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Evaluation of the cortical bone using ultrasonic waves
— On the bovine femur and human femoral neck—

Hideo KATAOKA'" Mami MATSUKAWA Takahiko OTANI
Yu YAMATO : Kaoru YAMAZAKI and Akira NAGANO
T Faculty of Engineering, Doshisha University
1-3 Tatara-miyakodani, Kyotanabe-shi, Kyoto, 610-0321 Japan

1 Department of Orthopaedic Surgery, Hamamatsu University School of Medicine
1-20-1 Handayama Hamamatsu-shi, Shizuoka, 431-3192 Japan

E-mail: ¥ dtd0119@mail4.doshisha.ac.jp,

Abstract In order to diagnose osteoporosis by ultrasonic waves, it is important to clarify the relation between bone
structures and acoustical characteristics. In this study, we have compared structures of cortical bone with ultrasonic wave
velocity, using specimens which were obtained from human femoral neck and bovine femur. The results from ultrasonic
wave propagation in the radial direction of the bone are summarized as follows. I) There is a clear correlation between wave
velocity and Intracortical Porosity (ICP) in case of human cortical bone. I) Wave velocity depends on the measured part
of the bone in case of Bovine cortical bone. III) Due to the structure, wave velocity shows difference in case of bovine

cortical bone.
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1. 3UDHIC

REFHBEOCZHIL, 2BEOIRNF—D X%
BRTBHIZETERDZEERAT S dual-energy X-ray
absorptiometry (DXA) % T#IE T 2 EH D Bone Mineral
Density (BMD) ASE¥#EL/Z>TWS. LML DXA i
I3 X BHIE, EEMNKEMGERICZLL, EBINE
MTHLHRBREOHBERICMA, BRED N EHNEER
RBUSWEERETH 3. TOLDERBE, BEMD
EREEZRMI A ELLTEERENEHEINEL D
HERAEEENHARINTNHS,

SHETOBRBETHBAEOERKNHARICKD, B8F
EHiAE (F&F BE BHEROREE2Z T
WEBZ T2 L, BHBINZET25HAREDES
PABREEREROBRE TRBETRAENREEC

KLU THRICEBEEZETSIEAENREINTVS.

EREAREEREFHRRED R 7 27T 5625 DXA
FEIZESRBRWIEMASHIZIN TS,
REODEBEFHEFMZEORKOBEIL,EHE BED
NEABEEZRBTHIROBEVEENZEEShTY
BNETHD. EBENHRTIIEEE O EKRLER
BEGRTIBEHFELEBEOEENERINT
B, EEBLUVRBELBRLOBVWHENRE I h
TW5. BUALKABREAL TRWEZSH2ICHEIZ
fribhTwikw, FZTHEHRTIE, £ FKBRER
EHERBBORBARBICONT, THESEOHEGEZR
MHLEDOTHETS.

2. REBOEEEED
BREEDOEEEBEE Figl ITRT.

Trabecula
Cancellous bone

Fig.1 Structure of cortical bone.
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REBHMOKREBIINGE, NEBXUEHEBD 3 O
DEMSRS. NBEABIIIHBERIZER L 7~ BIR
ENHDFEEE, NEEEFGERIENS. TLTH
BEIXEDOR#MICH > TRETDNN—XE (HE 20
~100pum) ENN—RAERLEEE T2 7107
BEOD2D0EBEBEEZELTBD, Ths oIz
MENREFTLTNVWS. FELTNAIN—ZAEZHLETS
FLDAROBHREBEN DD, TNENN—ZAR (X ZXF
Z > iosteon) LD, FEAEFAFACOBICHET S
BHEBIAEBHRA L IENS. KEABD 3 B
EMICLDEIENERD, EbTRIZEAEZFRE
INN—RF) BEDBHN, FTINE (BEEESE)
DBEIEMNKE N,
ZThENOBROPIIEMBEAKRILL ZEEAND

D, BEBREZZATHBY, ThHICk>THEELH

ENRBELSNTWS., SERTRNNN—XEOEHE %2+
DICBHBORNEHFENTORTHD, BizhH A
ATFABHFLVF AT T ICHEINZIENTNS
(WEFUZT). FAFFOI35RNHBEDTD
NTVWARVWBDERIEHAZRTFF RN KAERT
EMEBICEDUETY TDNT > ADRBRNE D RIX
MEBLAICRONN—ZEORKAEENEL, BARL
MELBEZZENTWVS.

3. RREBEELHESE

3.1 EREE

ERERE % Fig2 ITRT.

FWHORESE, ZHBELUTPVDFEEE (Z L)L
28 ZERONyF O IIMITHOMTEEEORE
BMrSOAFa—Y (EZFEH: EF 8mm) Z#HT
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Fig.2 Measurement system.
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5. Riz2s (Agilent 33250A) K 0 3K 10MHz, 10Vpp
DODN—AFEFHEEHAL, BHEMBS > AFa—4
ICEIMT 5. RBEM bSO AF 2 —HTZRLESE
277 7 (NFBX-31A) THIE®E, T4 N+ 0
Aa—7 (TDS520C) THEDBAZITo =

32 BlEH®E

FS2AFa—HHEIICBRA L Mk Zi#EZLN—2Z
NIOBRDIERKEZEETS. ZHRFEHLBRARIE S22
BXIIT, REBRICHMO IR 3 FDOI 704~
=Ny RERBTZIETEI D ATFa—YEOFE
TEZ&DS. ZOKRET, RRBV|BION—ZF 1 &
DEFBRZERKT D. BEZEMONST > XAFa—Y
WEELEBEAKE, R, BHOMS D ATFa—H
KETa 2 AIRFLEARHEOKBX2RET 5.
Greenspan-Tschiegg DERNICH S HMAKOFTHEEHE L
EREZENS, TRICK>TMI AT a—YRIERE
drMiRES.

dr=Lar-c 1)
2

ZZT, ¢, 3MIKRDERE, A1, I3EBEERHFHOK
FzEERT.

EBROBEOEHERE TIIHEBOELEZH DI,
FS2ATFa—YEE2EHEARE K (normal saline
solution : nss) Tilif=d. ZOAEBEADEEELRD
5. iM% driCBEELEEE, PSS UAFa—HHIC
BAUEBRIBAKZ®EZL, N—X b+ 1| HOEXZHK
ZRKRTS. EEREKEHMKOEBKOEERREE
ZRFEL, TRIKRATEZETHEHEBEKDTEM
RE>3. ‘

0 = —— (2)
1-c¢, (A, /dr)

CIT s REBBEADERE, At 3EHEREK
EHIAKDFEBE DB EREEEZRT.

RIZABOEZTEEZRDD. SEBEKOSTEL L
ELT, FIUATFa—HENEBRREKOADES
AR ZRELAESGEOBBHEOIERMELZFIAL
T, UTOREZRAWTEHLE.

c

= (3
1o (Ar /) )

CZT I dEABOERE, A, 3EHEBEKOAZER

LEBEEERRBAREARZBEBL 250 BLERREE,

B DR T &RT.
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33 FEHAEIIONT

331 REESIOEE
AEDOEIRII /70X -y 2AVWTHKE OB E
2TV, TOEBEEZAVWE. BXxoEsoxick3
BROFER, SERHULERBORTROEVRE
BWT, ¥ 13m/s THS.

332 NEBEDAE—EORE
KEBONEBEDA Y —E2ANLEDIC, &
ZHET O BRICA—HEIIOVWTE~E - HEoE L m
WERMEEAZTENTN 2 BATD, & 4 @EREELE.
EFOREBED 19U TIZBNT, EBREIIRK
T32m/s THo. FOREBR TR, EBEERIEKT
22m/s THol. EEOISDEIZHIELTE FORE
T, WIEMICHHASHICHBEEOEEBIZLDED
BENRY—Thok. BB, EE550RBIIBNT
HbR-ET, ERBEICERRZZIREShiaho .

333 REORSE
ERIZTXRTKEMN 225CTH5 23.5CORET, D
REBNBORELALREIRDI D, AEEENSEK
DHUTERT 25 BRM KRB L EBICEREF-
To. Fl—AE TREBMBE 25 BN S 6.5 BEIETOS
BEBIRTRIELZHER, CogdBICBII2TENT
{tid 10m/s TH - 7=,

334 AEROEE
BHEOBBEEEEICDODWT, B—RET SMHz H
5 20MHz £ T 2.5MHz BIRTHEIEL =48, Z0#&HEIC
BWTEHEHDOEIT 10nys Td 0, BABE7 B i Bk E %
FRsNanho /=,

33.1~334 ORI OAEEBEDO R —HEATHIC
BOEETLIZ LN S, HHEEIZLTI1%E
ETh-/.

4. BRLER

4.1 & b REREHE
4.1.1 AP & HEk
RREERER22B L -BHBEREDATLESA
BERNEITRIC, EEREINIAREERL2EZAS
SUREORBEZGTHRRL =, EFIT 196 (B3
B, &t 16 Bl) TEIGLEHR 79.6 & (5292 %) ThHo
. RREEBOHEEAMN (Fig3) 2 TE5XITEL
MIL, AAFMOEEZRITERD LD ITHEL,
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LAROL I RBBEAL->TL3. EFIXIZDLDIC
LTHUZER 20~200um BOEROBELZLLK

\ Medial BRLTHS.
Lateral
specimen
] — i ;
i Z 0 ; \f 200
wave Propfigatmg =-200 e 1SS’ C et = =200
direction > ~— "bone (human) ’ ?
! ; e =1 400
i i ] ] b i ]
20 22 24 26 28  32x10°
Fig.3 Human femoral neck. time[sec.]
AEZERLE. TRUZABHIES 1~3mm TH Fig.4 Observed wave forms
o, BREIFREZEEFMICBEBI T THEL 2. (passed through nss or nss and bone) .

FERBNAUORBEFTDO—RE2TY / —IVEERE,
7o UIVEIEICEE, KEMEICEE 304m OFERE
MR ZERLE. BRASEAZEMETICOE
2 —FIZRDABE G 7 & (NIH image) 280
TRBEMET L =, MEMAITIZIT Barth O K H &M
EHEAL, UTOEBIRDWTEHAIL K.

(1) Osteon Density : BEALEfEdH 7= 0 DIKIEAA 2 5
F > O/EK

(2) Osteonal Area : FKIEHIF A5 > 1 DHE0D
EgER (D, 2) BAAFF U HEHEEVETY >
TDEBREERS.

(3) Intracortical Porosity (ICP) : FEIpR &

FrmI Uik % DXA # (QDR-1000; Hologic £)
T&HHI L Bone Mineral Density (BMD) %K%, RAED Fig.5 Relation between wave velocity and ICP.
BETRYSZIELTHMEEDZODEELE.
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412 BREEBR

Figd TEZBRALENNVAETROBEO —~HEZRT.
EhOKREEFOFHIL 3358m/5~3603m/s THOD, B
BLEXWMEIE—F L. SHEEBBREORICIZED
PREAOHBEERNR SN, (Figs5) T#& BMD @
IS hERIIR S iaho k. (Fige) iz,
BMD & HIBEDOMICITHA S MBI ah- . o
BHBRZNNI A LEEOBMIIIVWTIN HEEARE
BRIZE 5 Rz o e 12131415 1;6 1.7 1.8

EXBRERNCHFET ZBBIINN—ZEENN— BMDJg/cm ]
AERLEZEBTEIIANIRUETHD. FHKHE
FBIZEARLENECLBENN—ZXEORBEZRLICE Fig.6 Relation between wave velocity and BMD.
BNAKELRY, BERLELTNIN—AEORITHEK
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4.2 FRRE
4.2.1 AELEH B
FOEKRKBEOERMAROEREOP.LB LU
M5 B, THICZENEN S5cm DMEICH DM S
18 10mm ORRICKEFZYOHLE. ZhsoRE
MNOKERETH (A) # (P A (M) 4 (L) BLU
A mO—EhbL 8 T, & 24 HAFZEHERL, KEED
MEAEIZETENTES & ST [/, = e B b A= <200
7. (Fig?) 55 L BEHIE X 3~ 10mm Tho 7= 4 5 6 _ 7x10°
BRI RS LEAIICERE € THE L. time[sec.]
MR ULEBABRR O L OKFEW) % 2mm YIBEL
I7 /- )VEE®R, 77VINKEIBICEE L, ALY Fig.8 Observed wave forms
BREZERLUEBETCEHAL 2. (passed through nss or nss and bone) .
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Fig.9 Bone structures. (Photo)
Fig.7 Bovine femur. (a) osteonal structure.

(b) circumferential lamellar structure.

422 R ELER

Fig8 CHEZBBLAENNZAZTHOBERO—FlZRT.
Fig9 MM EDEAMBEEE %Y. Fig.10 iZtdo
ABEOEHEZHERT.

Fig10 XOADOKREFTHOFHEIT 3300m/s 25
3650m/s DHHIZH D, WAICK D 10%BERRLDZE
NHERTED. FEINSOMITBRICHET AT
DHEREABIOZTHRLIFIFE-HRLTNS. O BicEH
BENWRFIEREER, FXFFBEIr DT
RIBBZEBAONEILNEEL TS EEZSNS.

BHEEREAXD, RBAFROETRBOF.LTIZIEE
HEOERBEDANESNBBANEL, LH-TF
BTEIBEN KR TIZARL, E<OBA, REBTOR

¥ -e- upper part
@ center part

P ~—=lower part
BN AZATF O BETHUIBEREOBREE L
2 TWw/. (Fig.ll) £I T, BRRORBHMSHLTD
BEZHODBEHDOZHOELZREL /. Fig.10 Wave velocity distribution.
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circumferential
lamellar
structure

wave propagating direction
Fig.11 A model of cortical bone.

BEEROLBLZNEBRBOP LTI > THEH
CEERRLSNARVWHDREN /. 2 BHEEED L
B THRORBTIIAMOF X FF > #EDES 2 4l
BIZEY, FEHEVNELTIHENEN -, (Fig.12)
BoNEEHEEENLS, FHRNBRAXTFF O EBEEE
BEFOBRBEORIOEXREBETHE, ThT
N 3662nvs, 3d97nys T, F AT 7 2 EB D HHE WL F
ERTIENbOM .

3620
3600
3580 |!
3560 |:
3540

Wave velocity[m/s]

0.0 05 1.0 1.5 20
Thickness of the scraped off layer[mm]

Fig.12 Wave velocity as a function of thickness
of the scraped layer.

5. ¥&8

ENABEBERERERICIONT, BHBLICLD®E
AKTHDEBEEERFROTEDBICHBEBEZRNH S
ZERbMok. 2, BMDRAATH o E &
FEICIIMEERIIRS a1

L RRE TIEZEEH MO ZED 3300m/s 2 5 3650m/s
DOFEHET, WBMICKXDERDZZENDMS. T,
REBZEATIBABEDS S, BEEFTOBIKE

BIZHRFAZT A O BEBEOEENEN Ebho =

INSOHRMS, BHREZHICEEZHAWVWSEIC
X, BRBICMATHERMNOREBEDEHZEET
BIZEICED, BEOBWZHMNTIgEERDEEZ S
nas.
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