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Abstract—An in witro acoustic microscopy method for
tho quantitative charactorization of biological hard tissuos
nt m microscopic scale is described. At a Fequency of
000 MHz, the acoustic impedanee is monsured ns o tissuo
parmmeter, which is closely related to its clastomechanical
properties. Contrast influences caused by defocus, edges.
nnd surfaco inclinations, respectively, are cither compan-
=sater] or exchided from the memurement by o spocial data
acouisition and malysis concept. A raster gricd wos used to
validate the capabilitics and limitations of the method, and
results obtained from human eartical bone are shown, The
comparison of different evaliation meothods demonstrate
the significance of a sophisticated analysis undeor consid-
aration of topographical and system parometars. Cortical
bone impedonee maps showed n strong dependenes on the
anatomical structures, and the mean values were found to
be in the range from 3.5 to 6.5 Mrayl within one single
osteon.

I ISTRODUCTION

IPLOGIC AL tis=ne is usually ecmposed of different con-

elruetivie wnits of varying size and properties, which re-
=uli= in heterogeneous acoustic properties. For the in viva
characterization of the strueiural and mechanical propers-
ties of bona, ultrasound methods with wavalengths and
banm dimensions much larger than the dimensions of the
building units n=nally are applied. The measured bulk pa-
rameters ara influencsd by scattering, interferenca, and
diffraction of the waves during the propagation through
the tissue, These parametars are dependent on the eom-
pesition, strocture, and mechanical properties. Extensive
work dane on low frequency bane charactarization aimesl
ter quantify the individoual inAeenees [1]-[9), and ampiri-
cal correlatione batwaen functional mechanical parametars
[e.g., minaralization, bone dengity, porosity] and aeousti-
cal quantities (g, rellection cosllicient, speed of sound,
broadband attennation) have been fund in different fre-
quency ranges |10]-[17]. However, s physical model that
could explain the individoal infueneass of structural and
constitutional properties of the bone compound cn the
sonnd propagation properties doas not yed exist [18].
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Soanning acoustic microseopy [SAM) can be used forin
vitro investigations in which the dimensicns of wavelsngth
and lateral resolution are comparable to the microseopic
eanstretive units. Sinee its intreduetion by Lamons and
Cuate 18], AN has beeome an attractive tool Tor ma-
tarigl characterization as well a2 for the investigation of
biological tissuas, One of the prominent features for ma-
tarigl characterization of solids is the messuramant of sur-
faee wave veloeities from cecillationz in the so-called V(2 -
eurya, This arises from the generation of lesky surface
wavas in high velocity materials and it= interfarence with
raflacted waves, while the acoustic lans i= movaed sucees-
- toward the surfaee of the sample. The dependenes
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al tha receivad voltage on the distance = Irom the foeal
pomition is:
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whare @ is the angle batween the baam axis and the normal
vertor of the sarface, and & = 25/3 i3 the wave numbsar,
Py and f{8) ara the pupil funetion of the lans and the
carmnples reflectance funetion, raspectively [20). I the gam-
ple gurfaes g positioned at the focus, all parts of the in-
corning spherical wavae front ars in phase, and plane wave
propagation can be assumead. The rellection is then propor-
ticnal to the angular dependent reflectancs fanction 5
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where &; = i - o are the acoustic impadances (p is the
mass density, @ the scund veloeity]. The indices [ and =
correspond o longitudingl and shear wavas, respectively
|23]. Under the condition of normal incidence (surface of
the sample is perpendicualar 1o the beam axiz], the gon-
aration of shear waves is not possible, and the reflectancs
funetion can be replaced by the rellection cosflicient £
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The indieas 1 and 2 are for the eoupling fAuid and the
sample, raspectively,



Multilayer Analysis

Although there are reports of Vizjl-measuraments on
highly minaralized tissues such as dentin using high fre-
quency SARM [21], [22], this technique has never heen
proved to be suitable for the investigation of bone. The
alternate mathod is the wall-known C-scan, in which the
reflaction from the surfacs is maasurad cvar a rectangular
=can ared, A major requirement for a quantitativa anal yeis
is & well prepared, Aat surfacs in order to avoid artifacts
causad by surface inclinaticns. [t nsually is assumed that
this reqquirament is satislied by caraful sample praparation
and adjustment [16], [23)-[%]. However, there are certain
limitations, i biclogical materials are 1o be investigatad at
very high fraquencies, Mechanical praparation techniques
will remove softer materials more aasily than stiffer onas,
which alwayzs will lead o o remaining surface roughnass in
heterageneons matarials with varying mechanical proper-
tiem |24, Other problems arize from imperfectiong in the
fatnass of the scan plansg of the microseops and in cises
in which the sample surlfaes s pot perfectly parallel 1o
thi =ean plans, At vary high fraquencies, the dimensions
of these variations become comparable o the dapth of fo-
cuz of thi aconstic lens, Tharelors, v s nesssary 1o sepe-
arate topographleal influsnees in the image contragt rom
those catsad by varving material propercies, The dulti-
Inl1.'r-|' ||||.'|.|:I.';-|:-'u |J|'||-:~l|||||'|- |:|h'|I|||| ool |'.E?| I',?E:||:| wimz at
finding and quantifying, for sach seanned point, the re
Hses] ;-Ll',::||||| |||||||||l||||rl al the foous of the lens that s
directly related to Che muaterial proportes,

1, EXPERIMENTAL PROCEDURE
A, g rmental Setup

A mcanning  acoustic  miercscops RS SAM 2000
(Ioramar Seientilie Insteoamenty, Herborn, Garmany) with
a broadband lens (08 1o 13 GHz) and a semi-gpertirs
angle of 507 was e, The lens was axeitad by oo 000 5z
burst, The burst length i= approsimataly 20 ne Inoore
der o provide stabls messuremsent conditions, the samples
wiare completely immarsed in s temperatire-controlled wa-
Lar tank. All measursments wora mads with distilled, de-
gassad water at 2570, The lateral resclution under these
canditions is approgimataly 1 pm, and the depth of Feus
i= T pm, respectivaly, The microecope g equipped with
a hataradyna eirenit for amplicude detaction of the ra-
dio frequeney [RF) signal, In ordar to gain better con-
trol cver existing hardwars, eustom hard- and softwara
[ELIPE, CTRAMC, Windeor, Canada, and CO-BAM, Halla,
Garmany] wag developed. A 330 kHz A/D card [POCAOF,
Eagle Technology, Cape Town, South Afvica) comverts the
demodulated, intezratad vides signal with a resalution of
12 bit. Several images can be avaraged in crder to cancal
mechanical noiss and to furthar improve tha valtage sensi-
tivity. The softwara provides full access to RF-citenit set-
tings of the micrcseope and controls the mechanical =can-
ner together with precise z-stage pasiticning. Choceing the
appropriste RF-gain and input voltage ranga allows acqui-
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TABLE1
DENSITY, LONCITUDIRAL SO0UND VELOOITY, ANO ADOUSTIO
[WPEDANCE OF THE REFEREXCE SAMPLES USED FOR CaLIERATION
{STAXDARD EREOR 18 %),

Longitudinal
Dhersity =ound vakcity  Impedance
Muotarinl (gfem®) [m,f5) [Mrayl)
Polycarbonote 1,20 [0.01) 310 0.3 .97 (ML IE)
PMAMA 11E (0.01) I730 (0.27) 5,92 (D.28)
Suprmsil® 0.0 (0.01) A0 (0,08 1.87 (D0

i

T

{a) b} 13

Flg. 1. A high Irecuency feousee] feld, precused by an asauth e,
i neanned In o plase parallel v the sarmple sarfnes (o), Fora MLA 0
mot af Cupoan | mages with sussmalvely desrosadng disanom ko e
lutin anel murfsss s ||.'|||||||.l-|. T'he mensiraman staris ok o Z=p

with alwious paltlve defecus amd ends ab o posltlen with
negniive defocus, rempectively (b, The distanes betwesn wljacont
oce|uilaitlans shauld be a rasticn of the depth of Foous of the letm, A
.l|l-&'|:\-||'.' -Iu\'u|-1ua| mafiware & umed to fne lun|l||llr|l' afie] positian
al the maximmim in the ¥ (z)-signal for ench @gesoan pesitian (o),

sition of fmages with eloss o linear relationzhip Batwesn
voltage and aocustic rellectivity, Digital images with a size
af np o 512 by 512 pisels are storad with g resolution of
S bt Bean siges ranging from 70 pm up to approdimataly
I mimn squared are poesibla, With tha ELIPS softwara, o
sat of C-gean images al sucomsivaly decrassing - positicns
can be meazured, Tha imaga gal is capturad and storesd
antotmatically, Special softwars was developad for the data
analyeis nzing Matlab 6.1 [Mathweorks Ine., Natick, MA.

8. Samples

A raster grid was uzad for the calibration aof the spa-
tial parameters of the systam. The grids have a spacing of
10 gim and a bar width of 2 pm, respectively. The alavation
af the plateans is approsimataly 0.3 gm.

A variety of homogenous materials served as refarencss
for impsdance calibration (polycarbonate; polvmethyl-
methacrylate, PAMAMA; quarts glass, Suprasil®, Haraeus
Omarzglas GmbH & Co. KG, Hanan, Germany]. Spesd
of sound and mass density of thase materials ware de-
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Fig, & Maxirmum image (&) and topegraphy (b) af & raster grid plate,
The valuss alang the arrows in tha [mages are drawn Bedaw (2] and
{d)], The z-pesiticn in (b) and {d) Is ceterminad by the pesitdan af
the e imum in the Viz)-curve far ench egepoan pasition, Lecstions
with o slgnitkant murfase inelinotion or edges have o decremed signn
anplituds in the moimom imoge,

torrdnagd by oa low-lesgueney substiotion mehod and by
Arehimesdea’ principle, rospectivaly CTalbles 1),

Progimal cortieal Bone sections wers abtadned [rom
Imnn endaver fomora spproshnataly 10 em Benssaih
the famoral headl, Aler dehydration, the spaeimeng wers
apbedded in PMMA, The addition of a saltanar (55
ditsuthylphtalate) ensured cptimal eondivions e the fl-
lewdng mschanical preparation, Aler sutting the sampls
perpandicular 1o the fameral long axis, the surfaee was
prepared by s grinding and polishing procadues down o s
grain sige of 0,25 pm,

7 Multidager Anclyaia Procedure

With the proposed multilayar analysis (MLA), & =at
ol Cgean images i acquired [(Fig, 1), Starting Trom s
s-peasition, in which the foeuz of the lens s well above
the gampls surface [positive defocus), images are capture]
with a sucoessively decreasing lens-surface distance, The
image acquisitian is stopped when the foeus is wall balow
the eurface averywhers in the scannad image (negative de-
foens). Positive as well as negative dafocus conditions ara
characterized by significantly decreased signal amplitudas,
The z-digtanee betwesn two adjacent imagas should ba a
fraction of the depth of focus of the lens, In this way it is
guarantss that each scannad surfaee point is measured at
or close to the Foous cnee, Tha thres dimansional data zat is
then resampled in z-direction using an anti-aliasing finite-
impulsa-responss lowpass filter (built-in resampls function
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Flg, 3, Himegrama of the mboulated lasal inellnation sngle of the
rastar grid plata Far differam soan Nlelds, Larger menn Ineratneis load
e afi uielerentimation of the ||h_!_]o al inaldetice (a), A samractlan |8
pommibile for moan wines up to (SO0 wm)? (B,

al thi signal processing toalbes of Matlab 6,07 in ordar o
avedd gpatial frequency eomponents, which wre larger than
the initial sampling fraquancy in s=direction |Fig, 1{c)].
Tha new sampling increment can be in the order of a frac
ticm ol the aecustic wavelength,

The confocal pasition at each oy-scan point corresponds
to the position of tha maximim zignal amplituds in the
z-diraction, Although the value of the maximum is pro-
portional 1o the reflectivity, the pesiticn is a maasure of
the distance betwesn an arbitrary sg-scan plans and the
sample surfaee. Thess values aps used to compute the two-
dimensional surface topography and a topographically oor-
ractad amplitude map. The aceuracy of the raconstruction
af the topography is improved by applyving a circular mean
filter with a diameter aqual to tha beam width of the lens,
For sach point the gradients in @ and g directions are deter-
mined, which allcws an estimation of the local inclinaticn
angles.
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Mg, 4, Mean and miancsrd arror af thevelvoge val ies af the mo imim
tmnga Freen Fig 2000 as o futiatlen af the leml inelination angls (a.
Thaviltags s negatlve because of o pagativa alfse of <5V, Upw the
eritloal nngle af tatal rallestlan, the ampllitude deorennm samtimieisly
(it 7 tha amrplibudie is 1,085 lee compired to thavalwe ar 7], Mada
codversiohs onuse b Inerease far bigher angles, Tho values at & os
widd | s bhe shapos of the gighnls are nhooset identisal for ol sean o s
ip 46 the efitical abgle, ekespi faf the (1000 ||I|II:|? manf BEd (b,

I, RESULTS
A. Validetion on a Raater &rid

Fig. 2 shows tha reccnstructad maximum map and tha
topography of the raster plate, The images ware compated
frem 15 C-gcan dmages. It can ba saen in the topography
that the xy-sean plane iz not parfectly flat and the whole
plate i= slightly tilted. A system-depandent limitation is
that the maximum numbsr of pixels per sean line is 512,
This canzas aliasing, when larger sean lields are imaged
with a high resclution lens. For the lens usad hare, the sean
increment becomes comparable to the lateral resclution
for a scan size of 500 pm by 500 pm. Therafore, this is
the maximum =can fald for which the topography can be
reconstructad correctly,

2_

1_ e
= W
o N
m 4
g 2
= ]
= Suprasil

4 o PMMA

_5_' & Polycarh.

94 05 95 97 98 99 100
RF- gain
(a)

= 08 ?.‘iupmsil
L)
g
% 0,6
S 041 LS PMMA
% i -'.Fnl_'.'r'n:rh.
m UIE -r ™

5 4 3 2 -1 0 1

Voltage [V
(b)

Mg, & Haflosiad axtripliticks af the reforenee mnterinls sa o funetian af
the B Fugain metting (a), Beosiss af the panlinesr Bahavicr, n rellable
callbration (k) 8 oaly pesslbe for sartain galn settings (selid lines
fer thix lens aned impesdanee rang).

The axial resclution of the MLA does not depend cn
the pulse langth but on tha depth of feus, The aocurmey
af the astimation of the foeal position is of partienlar im-
portanes, A vy hizh number of image acquisitions with
a small increment in z-divection i= not usaful bacauss the
V[ =)esiznal does not contain spatial freguency components
highar than the reciprocal of the dapth of focus, There
tara, the resampling method mentioned above is sufficient
to achiove an accuracy in the order of a fraction of the
wavalength,

The values in the maximum image in Fig. 2(a) are a
meazure of the amplitude of the waves, which ware re-
fected at the foeus of the lens, Therafore, thay are depen-
dent cnly on tha raflactivity of the material and on the
loeal inclination. If the Beam axis is not perpendicular to
the gurface, a part of the raflactad wave iz diractad away
from the transducer. Heowevar, the magnitude of the re
fectance function wsually dacreases continuously until the
critical angle for the total reflection of the longitudinal

IEEE transactions on ultrasonics, ferroelectrics, and frequency control,
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Flg. 4, Masimum and topegraphy images of an ceteom [(a) anc (b)), The Hoversian chammel (whish ls Allel with the ambededing material) in
the ainter b surreanded by alternating lamalas of minerallzed sallagen Abeew, Adjasam ta the alreular eateom, frastlams af less sirasiared
nocandiry asteors aro visible, The small dark poks whe oo Lk, whidh weerd ta bemt bape solls, The values along the |'I-ll-a| lrs In b

inngen are drawen In (2] and 43,

wava s renched, For angles higher than the erivleal an-
wla, the pallaction cannot b charactorizs] oasily auymores,
Therefore, [t s ussful to datstinine the loeal inelination
of the surface fram the Wopography map in order to dis-
tigiish betwean norial aid obligie neidanes palleetions,
I i necessary b take into account the offects caused by
iserata data, [t cain be e i the histesiaim af the neli-
nation anglos that, for small scan areaz the distributions
aie aqiiivalent, bul labger sean ineteinents laad o oan -
derastimation of the local inclination |[Fig, 3(a)]. Except
[ tha largest sean hield, a simple coffection s poesibla
by multiplying the estimated inclination angles with scan
fiald-dependant factors [Fig, 3(k)).

The depandenca of the gignal amplitude an the angla of
incidenee is seen in Fig, 4. Due to the high sound valoe-
ity in the raster plate, thers is a continuous decreaze up
to an angle of 7. The difference between minimum and
mazxirmim is 1.25%., For hizher angles thera is an incressa
again, Howaver, bacavuse of the small ameunt of pixels, the
standard error is increased correspondingly.

In eompact bone the value of the longitodinal wave ve-
loeity usually is much less than 308 mfs. A correspond-
ing eritical angla would be approcdmately 179, For angles
mch smallar than this, the complex reflectancs function
can be approximated by tha reflection coaflicieni . Becansa

IEEE transactions on ultrasonics, ferroelectrics, and frequency control,

the magnivuds of the rafleetanes Doncidon st 100 1585
lemss exmiprarad G the valus st normal incidetes for PYAA,
i eniball aigla of 100 was chogan o an ielination ee lisdon
mag in pravions workes [27]-[21], Alwernatively, the slope of
the angle-capandaeit valios cai be e b axttapolata e
valte at normal incidenes,

8. Impednnes Calitmtion

For the points with a sulliclently small angle of inei-
denea, the measured voltage should be proportional to
the reflection ecatficiant, Tha SAM image sobs ware ace
quirad at various RF-gain sattings for the diferant reder-
enee samplas, Nonlinear regressicn was pertormed for the
correlation Babwaen the maximuem voltags values and the
carresponding caleulated raflection eoatliciants. Nonlinaar
rapression was used in ordar te compensata for saturation
aflects, which occurred in the RF-alectronics at higher am-
plitudas (Fig. 5], Only the gain settings with a mincr non-
linsarity were usad for the measurements on bons,

The reproducibility of the impadance astimation was
quantified by measuring a PRAMA reference sample 20
times within 1 weak. Calibrated RF-gain s=ttings as well
as the operating time to measurement wers arbitrary.
Mean and standard error of the estimatad impedance wera
3. £ 0,13 MMrayl.
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Fig, 7. Three-dimemsional resorstrustion af the bone surfosa from
Fig, & A cansldernble surfume roughness s visible mainly in the re-
gion of tho asteocn, The elevated lamallne exhibit o higher degree of
raflectivity,

7, Characterizabion of Bone

The application of the MLA mathod on compact Bone
ig Huscratesd in Fig, 6, The maximonm and topography im-
ageg wera teoonstrue i from 17 individual Cesean images,
They show a typlenl sxamplas of & eross soction of compast
bone, In the centar thera 18 an csteon with the Haversian
channel (which g complotaly kel with the embsslding
material ) and alternacing minseallzsd ecllagen amallas,
Adjacont o the odtecn parts of so-oallsd sseondary os-
teons are visible, Large varlatong of vhe reflectlvity can
b pnrtdenlaely soon in the catoon, Tt ghonld Ba notad thae
Bdgher values n the maximum mage are woll coreeloted
with an elevation in the wpoeraphy map (Flg 73 The
avarnge digtance botwaon two elevated Lumellan 18 appros-
fmmtaly 8 pio, and the olsvation b= in the range bstwosn
Iound 2 grne Suehoan increased surfacs ronghness s not
fmnd i mors homogenous feglons, og,, o the lower right
socondary asteon or i the eentral PANA reglon of the
Heavergion channel, The ovarall cilt of che sampls along
the arrow indieated in Fig. 6 §s 1,29,

Alver comverting the voltages of the maximum imags
inte values of the acoustic impadanca, the mean values
af eartain regions of intersst [Fig, S0 were ovalusabed
in three different ways, The first value was caleulatad re-
gardless of the inclination angla, For the second valus, the
107 axelusion map |see Fig, #(a)] was applied price to the
caleulaticn, Finally, the impadanca was estrapolated from
angular-dapandent inpedance plots, For the lattar, the es-
timatad value at 0% iz assumed 1o ba the impadanos as de-
finesd in (5], The histograms and angular dependant plots
for the threa ROI's ara drawn in Fig. 9. The results ara
smmmarized in Tabla I1.

For tha PMMA region, thare was no difference in the
mean values for methods 1 and 2 (290 £ 0002 Nrayl),
and the extrapolated 0° value from the angular depandent
plot was slightly higher [2.03 £ 0.01 Mrayl). In the sac-
andary csteon the mean of the histogram was 4.98 £ 0,004
Mrayl without and 513 £ 0.004 Mrayl with the inclinaticn
map. A considerably higher value [5.50 £ 0,05 Mrayl) was

(]

v-Ihrection
o

50

100

100

100 50 0 50
K=Dhrection [um)

(b}

Fig, & A 10F inditstion meek (o) and segmented regions af intar-
anta () of the bone surfooe fom Fig: G The RODs are 1. PMMA,
Somteon, 2 l-lamellsa with low roflestivity, 2.0-lamallne with high
ruflectivity, & 3-innermoast thick lamella with vary high reflestivity,
Ammeatidnry cebaats,

found with methed 3. The largast differences betwean the
ealeulation methods were found for the estimations of the
mean impedance within the ceteon, Hera tha vahias ranged
fronm .84 &+ 0.01 with method 1 to 5,10 £ 0.05 Mrayl with
method 3.

A drawback of tha angular-dependant caleulation is that
ne impadance distributions can be caleulated, mainly be-
eanss of the small amount of pixels For each angla. In ordar
to characterize individual structures, the image has to be
sagmented first. This was done for the ceteon uging thrash-
alds, The impedances ware caleulabed for the altemating
lamellas with low and high reflactivity and for the inner-
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Fig. 9. Angulor dependent impedance plais (left-band side] ood impedanes histagrums [right-band side] of the ROTs indicated in Fig. S(h).
Far the histograms, the 107 ineclinotico map [Fig 8a)] wos applied.
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TABLEII
MEAN IMPEDABRCE, STANDWRD DEVIATION, AED STANDARD ERROR FOR THE ROI'S MARKED 1§ FIG. B[E) (ALL YALUES 1y MEAYL).

Methad 1 Metbad 2 Mathed 3
ROL {all pixals) [mll pixels with loss thon 107 incliootiony  [0F value from the ongulor plat)
1. PMAA 2,00 £ (.10 [0.002) 2,00 = D1 (Do) 2.93 (D1)
1. Dsteon 3.0 =+ 0.7 (0.001) 4.45 = D91 (DO 5.10 (D.05)

Lamallne with low reflectivity
Lamallne with high reflectivity
Innermast lumella

3. Becondary Ostean

842 L 0,31 [0,001)
451 0,40 [0.009)
545 £ 0,83 [0.010)
408 £ 0,70 [0.004)

2.5 £ D53 [0.008)
4.8 & D44 [0.004)
.50 D92 (0,190
E.13 & D71 (0.00)

.55 (0.0%)
458 [0.03)
&40 [0,02)
5,50 (D0%5)

g.5] ]
L

6.0 k‘ 1

3.5

50+
I!

4.5

4.0¢ 1
3.5 5w -2 .
3.0

0 10 20 30
Inclination Angle [7)

Impedance [Mrayl]

40

Flg. 10, Angulnrdependent [mpadanss plet of the segmemed mib.
abruature of the aateon aa [ndisated in Flg 80k,

most lnmella, e which a signilicantdy ineresad ©hickness
aned folleetvity was ohssivad [san Flz, 8B, Agali, the
astimation of the mean impedanes o the angilar plots
gava the highast values [Table 11, Howevar, the angi-
lar plot of the strueturs with the highest impedanes og-
hibits s mneh steeper lope comppared e thes cther regions
[Fig, 10,

IV, Discussion

The lateral and axial rescluticns of the acoustie sys-
tam uged here are suflicient to resclva the microstructnre
of cortical bone, Howevar, alter preparation a remarkable
surfaca roughnass remains, especially in highly hateroge-
necus regions, This ganaral finding is in agresmant with the
assuimnption that sofier materials are removed more aasily
during the praparation procass. This in turn hag consid-
arable consaquences for any quantitative evaluation. With
convantional C-sean analysiz, it has to ke asgumed that
the sample surface is fat and positioned right in the focal
plana, Tt has baen shown that it is not passible to Tulfll
this assumption with a high fraquency lans. Furthermaore,
neglacting the local inclination angle usually leads 1o sig-
nificantly decraased impedance sstimation in regions with
a higher heterogensity, The decrease in the maasured re-
gion depends on the distribution of tilt angles as well as
on the absolute impadanca values. The most reliabls in-

IEEE transactions on ultrasonics, ferroelectrics, and frequency control,

farmation i= cbtained from angular-dependent impadance
plats, The use af a 10° inclination map led 1o 8 deereasze
af up to 139 in regions with high impedance values; but,
in regions with a low impedanes, the difference was in the
arder ol 19, Particularly the decreass of 1% in the PAALA
region i in good agrasment with the astimated deerease
al the reflectanos function of 163% at 107, The absalute
value of 2093 Mrayl is lower than the value obtained for
thie relerence material, which is cunssd by the use ol Lhe
sallaner,

For higher impedanee values, the glope of the angular
Impadancs plot 1z eonglderably gtesper, which eauses Chi
bigher ervor n the sstimation, Without the considaration
al the Inelination angle, the erear s further inereasad, In
thi cstecn w maximum eevor of 22,79 was abiainsl,

It ghould be pointed cut that tha angular-lmpodancs
plots co not direeily corrmspond to the magnioude of Lhe
corrples rallectanes fnction bicaoss Che soioe long = sl
far brnngmigslon und roeoption, The arientation af the loeal
e i ot taken dnto seconnt, and the angular impodanes
distetbiition 1= caleilatad fof arons pathed than o o dii-
glo point, Therators, charaetorigtic phencmesnn (e, vari-
ithoiis of the pellectivity ot the erltdeal angla) coiild ot
by by, Hloawesisr, Che evaluations of the angular plots
allow a o reliable estination of the aecustie inpedanea
fer the nermal incidenes condition.

Iiioa previoug seidy by Sidtinang ab el (31, i which
the anisotrapy, age and gendar dapendones of tha acoustic
iimpadaieg of a laige piimber of bitmai coitical bode gain-
ples waz invastigated, a signiticantly decressad impedance
compared Lo loaw-freqiancy valies was obeserved, The MLA
tachinigque in combination with the 10% inclination map was
ugec] thera 1o estimate the impedancs, With the results
shownin this paper, it is hypothesized that at least a part
af the decreass can be attributed to the insuflicient oon-
sideration of the inclination angle.

V. CONCLUSIONS

With comventional C-sean analysis, it is neither possi-
ble to detect nor to compensata for the surface topogra-
phy. Howewar, the lattar has & considerable influenca cn
the image contrast with high-resclutiocn SAM. A sophisti-
cated data analyzis i= necegsary, if composita materials ara
to be evalnate], The results demonstrate that the use of
the MLA technique for image acquisition and data analy-
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sis provides beneficial information for quantitative evalua-
ticns, With an apricri knowlades of major systermn param-
aters, and its implementation in the data analysis, artifacts
ara redueed. Topographical influences on the image con-
trast are precisaly separatad from those canzed by varying
matarial propertias, Image segmentation allows a reliabla
avaluation of the acoustical properties of biclogical strue-
tures at a microecapic scale, The rastriction of a parfectly
fAat =ample surface is weakened becausa the angular depean-
denca of the reflectivity ean be used to extrapolate the nor-
mal ineidancs reflection coeflicient, Tv can be assumed that
the proposad data evaluation eoneept will have a eonsid-
arable sffact on the nsafulness and relisbilicy of very high
fraqueney SAM as & woal for quantitative micrameachanieal
tissne characterization,
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