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Computerized Transaxial X-ray
Tomography of the Human Body

A new tomographic instrument is gble to distinguish
berween soft tissues everywhere in the whole bady.

R. 5. Ledley, G. Di Chiro, A. J. Luessenhop, H. L. Twigg

The medical x-tay image may be
recorded in variows final forms, for
example, on & fhioresceal scieen, on
radiographic film, as a xeroradiogram,
or in an electroni: mode. Easically,
however, the image |s the result of vars-
shle trapsmission of the x-ray beam
through tissues and body Muids that
have different abscrption coefficients.
Medical roentgenography is at its best
in the evalosiion cf large differential
densities. These differences may be
natarnl—bone versus soft ke, en-
trapped sir versus the conlaining cavity
wall or adjncerit oigans—or ertificial
An artifizial differesce can be crestad
by the introduction of cither 8 medium
which is transhicent (o x-ravs (such as
air] or cne which & opague is X-rays
{such az an iodine-contiining cheml-
cal], Even &t its oplimal—in the pres-
enc: ol large differentin]l densites—iw
resclution conmined in the radiograph
is severely limited by the fact ‘hat the
shadows of ihe surrounding ilasees
ovedap and sre superimposed on the
area wnder H'l'l'ﬂl']i_illﬂﬂ.

Cne aitempt to circumyvent this diffi-
culty resulied in the development of
conventional fomography. In that tech-
nique, the radistion source (X-ray
tube) moves In one direction and the
reccrding filim moves In the opposite
direstion; or shernatively, the patiest
and the Glm asre subjected 1o parallel
rotations. Im either case, the image of
one anatomnical plare is kepd i con-
stant registraticn on the fim, waile the
shacows of all other poinis of the body

mave and thus bisr across the flm. The
degree of Burring, of course, increases
with the dinance of the point from the
plane, The resulisnt shadowgraph s a
maore or less clesr image of the plane
under examination and nearby layers,
with more disiart organs borred inio
{ideally) B noi loo distracling back-
ground, Ome type of tomograph, In
which a shnted x-ray sousce rofabes
sbout an &xks  serpendiculsr o ihe
anatomical plane, can prodece images
aof axial-traasverss (horizonisl) lavers
of the part of the body under examina-
lion, including the brin if i B oul-
iined 3y inpcled air (). The increase
in resalutica oblined by tomography,
wlihough clinically useful, & nol very
sl ficant.

It sppesed evidenl 16 many that
ore efficient mehods of reiclving the
sbsorption of the x-ray beam [ dts
ransrelssion through the warious paris
of the body had to be found. This led
1o the developiment cof ecomputerized
exial tomography. In this system, a
horizontal (trans/erse) laver is peme-
irated by & narrow x-rey beam which
impingesa ffom a large nomber of
wngles on the part of the body o be
udied, The muliiple t-ansmischons are
recorded by an intipedal detecter so
fhnt mn aremy of point-by-point relative
shsorption  coefficients can be calen-
Inted.

The system o computerized xial
womogaphy has been developed during
more than & decade. Oldesdorl (2}
patented the ides of passing an x-ray

beim ol successive angles through an
object te obtiin & measure of the ab-
sarption eceffeient at the rolaSon cen-
ter. Commack in & remarksble paper
of 1961 (3), discossed the jdea of
miking measurements of the x-my
iranarmission “along lines paralel to a
lasge oumber of ciffereat disectiors”
$0 as fo obtiin o sequence of x-my
transmigdion profiles. These multiple
prefiles would be subjected to 8 Fourer
type of mnalysis o reconstruct ihe
linzar absorption coefficients glir.d) in
the ares belng scanned (r,f are the
poiar coordinetes). Finally, be actually
carried oul an experiment, using &
famma-ray  source, collimating  the
beam to o width of 7 milimetzrs, aad
measuring the intensity of the trans-
mified beam gt S-rem intervals over a
12.5-centimeter scan-pass length with
a Gelger-Mbller counter. An alumdoum
cxlnder airrounded by a wooden anmi-
lar ring wos scenned and the absorption
codficlents wene cal:olsted; the expesi-
meatal resuliz agreed with the aciual
abeorption codficiens of the materidls
wiliin ooe fo two significant fgures
Comnack noded tha his resulls were
spplicabl: 10 tae ficld of radwlogy, [ar
“the determination of a variable x-ray
absarplion coelficiest b two dimen-
sicni.” This, the essence of compuler-
iped axisl tomography is already con-
tained in Cormack's contribution, which
repeesents a specific application of the
more general methodology of image
recenstruztion. This methodology may
be used n fiels as divemse as sstroa-
omy amd electon microscopy. A hilbii-
ography of the mathematical recoo-
strition methods hai beer compiled by
Condon {4).

The 6rst comrercial instromeat
capuble of oolaining  high-resolutica
images wseful for medical purposes was
designed by Hoonsfield. This British
investigator introduced the EMI-Scan-
ner (5), with which mfarmotion re-
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Fig. 1. Capubility of ACTA-Scanner for evilunting every parl of ile body, The s2ria-
tians represent typlcal croiw sec#onk (aal cin be made, with four speclfic illistmtions

parding the sofi Bssues in the head,
particularly e brain ind the endo-
cranial cerebrospinsl-fuld caviies, can
be gathered, Mo parts of the bady other
than the head can be examined with
the EMI-Scanner, becawse the deibee
cannot handle large diffrrences in the
abiorptisn  coefficienis of contlguous
sreas, The necessity of in:crpn-sinl AN
sbsorptian-equilibrating medium, such
EE-water, makes i impractical to shudy
sectiong of the bedy olher than the
bead, In sddition, parts of the bedy
such as the chest and abdomen could
nol be svalusted by o vstem simdar
1o the EMI-Scanner, even if the oul.
side absorption-equilibrating  medizm
was used, because of their fnternal
gatesius conleni. The instrumenti de.
scribed Selow does nod need a owales
intermediary,

ACTA-Scanner

The new x-ray scanner described here,
called  the Auctomatic Computerized
Trangverse Axinl Scanner ( ACTA-Scan-
ner) (&), has ihe great advantape that it
i capobe of evaluiting évery part of
the body (see Fig. 1). 'With the ACTA-
Scanner, 85 th: highly collimated x-ruy
beam traverses the body, some photons
nre absotbed, while sihers pass through
ant are detecled by a sodism jodile
eryital. The absorplion along any pwh
depends on the sum of the absorption
coefficients of the tisuves through which
the beam passes. A flash of visible light

i emited for each x-ray photon im-
pingiag or the ¢ryafal, and a photo-
multiplier observing the l1ght oil il of
the 'crystal samples the tranzmitted
beam miensity as the inlegratec cur-
rent (thal i prodoeced in Simillsscond
niervals. The A-ray iniermily profile
made during & sngle san-pass consbuy
of 160 such measurerents. The rams-
lnfion carrage i then slightly retated
and anotherscar-pass i3 made, produc-
ing another profile, and so forlk, A
compleled scan can be composed of up
e 180 scan-pasies, with the carringe
being rotsted 1* for each pass (Fig
Z)

Ta see why the tesulls are 10 pecu-
rate, aole thal e*ery point in the cross
seciion 8 swanned during each scan.
pasa, Thus, after 180 sean-passes, each
point has been “measored™ 1E0 tlimes.
The 180 x-ray profiles of ‘he secthon
are then procesed by the computer,
which reconstructs the tissue absorpilon
coefficient 41 each po'nt, forming the
array of piiure pointi. Up o 25 600
poinie are: reconsirucled, fermibig a
raster of 160 by 160 pointa Compare
this with a plain x-ray image, i which
il the painia along the beam’s palh
sverlsp, and with a conventional fo-
mographic picture, in which the plane
seing observed B overiaid with blorred
magei of 1he tizwes over amd under i

In ihe kead, clear images ol the
serebral ventricles and the larger sub-
srachnoidal eaviies (interhemispheric
and srivian fsscies) aie abiined. The
cyehols stand oul in the orbils, and the

freial sinuses, which contsin aie, are
sirikingly visalized, The wvarious wf
thsves and formations of the cerveal
agen, including not- easily  sccessibis
#ructures such as the spinal zord, ane
depicied. In the ehest, the lungs, heirl,
and medinstinn] structures are evident,
ard in the abdomen snd pelvie regon
the warious viscers are displayed; am
acly rh:' putines bul a'so the detsily
of their inne: struzture are shown, In
the lmbs, the muscles, neurevascular
bundies and fine ligamenious-cartilgi-
nous elements of fwe joinis are shown,

The algorihm for rezonstructing o
two-dimensiceal picture section from a
epquenc: of one-dimentional xX.ray pro-
fibzs is based on & theorem from two-
dimensional Fourier analysis  This
theorem sintes that the Fourier fram-
form of & one-dimensional profection
of an obpect iz identleal to fke come-
spanding central mciion of the two-
dimensianal Fourier transform of the
algeel. That is, the Feuder transform
of the x-ra¥ profile from a sCan-pasy mf
i piven sngle i id=ntlenl io the vake
of the Fourier tramsform of the two-
dimensional section in the place of the
scan-pasi along & line through ile cen.
ter of the trardform at the same anghe.
Al the end ef & eomplete scan, 130
trenaform imapges have heen accome
lated, eazh of which corresponds to the
preper central transform fmage of the
original croms sedion. The inveme
tranaform af this coinplade tronafopm
image s the recomsirucied erass sec-
15ry,

In paricular if p{l#) s the profie
taken at an acgle 8, whese | is the ds-
tarce along the scam-pass, then the
Fourier iransferm relabons are
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where R s the distapee tlong the liae
in the tmnaform dpace; rg are polar
eoordinsies for the secorstrucied pic-
ture; amd p{rg4) are the relaiive ab-
soration coefficients A real-time pro-
gramming approach was adopizd with
the ACTA-Scanner, &0 that ihe recon-
structed afcture i available as woon s
& complete scan is finshed

It in difficult 1o formulate the precise
physical interpretotion of the “relaine
nbsorption coefficients™ 1hat comprise
the poink of the pclere matriv. Ths
i becavse the bremsstrahlung, or cop-
linvous 3-rAy specirum, i the major
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component of the x-ray beam emitted
kv the tungsten target. The valo: of
the mmuase-abicrption ccefficient for x-
rays through any maleral b Jependent
on x-ray frequency and on the “con-
conirabion of £ that 13, on the alomic
numbers (Z) and density of the ab-
serbing matzral in the path of 1he
bam.

For organic substances, such as mus-
cle, blaod, and tendons, speciic gravity
may be the most wseful variable 1o
correlnle with our relative shsarption
coefficient. Thiz iz because thess mate-
rals have aboni the same proporion
of carkon, nirogen, orypen, and hy-
diogen, snd therefore the main dis-
tingulsling feature among them iz thelr
respective densities, Of course, this rule
docs net ho'd for speclal substances,
sich & bone with Hs high calaum
ccaient, or when various soluiions con-
tnning iodine or other elemenis of high
atamic sumbsar have been injected into
baody mylems 1o enhande the contrast
of the z-ray image. Hesce, some care
must be usec in the inlerprelstion of
the relative absorption cocffickent values
produced by the ACTA Clincal eval-
untion, however, has indicsted fhat
thise nomben can be inlerpreted in
composiiional terms. Thus, in an oleo-
thorax |see third row of Fig 3), il
injscted into |he chest can be seen in
a cyslic cavity conirasliing with the
denser body Juids and with the eren
mere dense fhrous isce af the eyst
wall, In tumoral masses, the alwarption
coefficients permit the classification of
lesiops a3 softer or harder than  the
normal surroending tissies; the cofre-
lation of the depree of sofiness or hard-
nem with specific histologic tumeral
iypes represens 0 challenging prospect.

However, even this specific gravity

Crysal
detectar

(b)

rele of thumb must be vied with cas-
tion. With the ACTA-Scanner it ha
bece observed that the relative absors-
tion coefficient for lew £ hislogical
maierials actuelly correlales with 1he
eleciron denmity of the material, rather
than witk the mass density (7). This
result -1y consisenl with a-ray absorp-
lion theory. The imp-nn.ll:u:r. of thi ok
servalion can be peen, for example, n
the case of Blosd: a caleulation shows
thal the difference belween the declron
demaity of & bood clol and that of
while blood s nol as larg as the dil-
ference between the mass censitizs, and
therefore the ACTA-Scanner coeff-
ciens wil not reflec: ithe Lprger mass.
density diference. T

ACTA Display for Clinlcal Use

In the design of the ACTA display,
methods of pettern recognition (&)
were used lo ecilitate clinical analysh
of ibe plciures. The displiy units ane
g I%inch color television sel ard two
13-inch blick-and-white television seis,
one o whkich [s used for photography
and the other jor viewing One eom-
plete scan prodoces two pictures of
adjacent oroas sections, eazh 7.%F mm
thick, wifi a 3-mm space betwesn
them Both pictures appear on the fele-
vieiom screcns immedintely after the
scan i completed. To examine the
brain, lor sxample, about three or fiour
scams are mode, producing six fo eigh
crosssecticn picures, The pictures can
be photographed and stored an digital
mugnetic 1ipe oOf Casssies.

The description of the leaiunes of
the duplay s simplified by first defin.
ing cartain terms. The compuler fetomn-
strock o relstive absorptior coeficient

T

profile

Fig 3. (4] Diagram of the ACTA-Scanner showing the trans-
IR cai'riage and rolation assembly, (b} INestrstion of in-

tersity profile for one smn-pem. (o)
llostration showing how every poin
of the cross weciion in meszored for
EICh SGan-pai made,
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tube

lor each element m the piciure corre-
sponding to a block, or volume of sody
fissue, with edges 1.5 by 1.5 mm
in the plane of the sectizn, and 7.5 mm
thick. Each picture i compéaed of an
array of 160 160 {(=25800) such
picture elements, ealled pictels. This,
each piciel hes an assoctated numerieal
value, called the ACTA number, which
ii the relative absoipthon coefficiert of
tw correspending tasue block of 1he
body section, By the tme the scan i
completed the ACTA numbers of all
the pictels have been computed and
are stored w8 mumbers s the com-
puter’s memory. The walues of the
ACTA numbers that can be displmyed
are from O to 2048, For any particalar
peture, the operator can chocse to dis-
play oply a limited mnge of ACTA
numbers, as specified by & mean and
window widih, Thus, if the operalor
specifies a mean of 206 and & widih of
14, as im the first row of Fig. 3, then
the ranpe of numbers that will be di=
played 8 frem 200 1o 213, inclusve,
ar if a mean of 260 and width of 300
nre specified, as ia the third row of
Fig. 3, then the raage of numbers dis-
pliyed will be from 111 through 4100
How these nimbers are actusly “sesn”
in the picture is described as folows,

The ACTA display television tubes
ar: capable of showing 16 different
colors for gray levels) at a time. A
color-coded key B vsed 1o vimally re-
lale 1o picte] waluer, In the display of
the pictore, each of fhese 16 differ=nt
colors (or gray levels) represenis a
specific range of ACTA numbers. The
correspendence of colors (or gray lav-
gls) to number ranges is shown in the
hesding of the disglay, for esvy refer-
ente. In the heading, 16 boxei [abeled
by box numbers (¥ through 5 snd A




B

gpectively, Compuer programs hive
been wiitien 1o allow the user fo ecler
the mesn and window width, and also
ta assign the number ranges in unequal
intervaly if desired.

The color spectum for the color-
coded key can be chosen by the user,
A enntivuous spectrum, as in the fra
row of Fig. 3, or a coatrasting spic-
trum, 8% in the third row of Fig. 3, can
be used. A eontrmting specirum csn
ofien be used 1o clearly distinguich
structures, 85 in the plsture through
the orbis of the fint row of Fig 3.

A number of comipatler programs ire
available to assist the clinician in the
nnalysis of the picture. For example,
programs are availbble 10 blscken all
picture elements with values in che
range of o given color box, This cooa-
bikty facilitates the accurate determina-
tion af the coefficent value for exch
element of the pichere. K can be uted
to sccentuate features of particulsr co-
efficient valoed: Judicious choice of dee
blackened color hoxes can frequently
be used 1o ocutling varieus struciuges.
Additional programs can oblain the
area covered by the elzments blatk-
enzd, and caom “‘flicker” the blackered
boxes to make them more easily db-
cemible to the eve ;

her Axpecis

The ACTA has great mechanical
versalility, Since it car be used 1o scan
anywhere an the whole bedy, it has
both o long scsr-pess of 48 cm and a
short scan-pass of 24 em. The short
scan-pass s used for the bead, neck,
and extremities, and the long one for
the thorax, sbdomen and pelvie A
complete 180* scan tmkes less than 5
minues with th: short scan-pass and
abouwl & minwes with the long scan-
pass In sddition the plane of the scan
can be tilied ina 30 arc in ofder (o
produce esuctly the proper cros sec.
tion for the elinfenl problem at hand.

The x-ray voltage osed waries from
80 o 120 kilovolis, with anode cur-
rents of 10 to 1 5 millismperes, depend-
ing on the case. The maximum x-ray
exposure to the skin'k about 1 rad for
& corplete scan, the 1d being & mea-
sure of dose per unit volume. This is
abowl equal to the maximum dose e
ceived im a gingle convenilonal skull
x-ray, except thal in ardimary x-ray
imaging the entire head receives the
x-ray dose. Thid, sinee a rad is dese
per unit velume of ilsse, and since
only the becilions beng scanned are

- irradiied, the total cose received by

ihe patieni for a series of three or four
MCTA scans covering the hesd is sbou
the same s the total dose received by
the patient for a single head x-ray. Taz
scalter from the ACTA is extremely
emall, because the -ray beam iz well
eellimated. During operation, the scaf-
ter & primarily from (he patizal,

some molien of the patient whie
ihe scan is being made can be talernied,
In particolsr, an excorson of shert
diration will pot nierfere with the pc-
ture, provided that the body parl re-
tims to its- original positien. Periodic
mctions, suck as those invelved in
breathing or the heart beat, wil resalt
in some type of averaged result de-
perdent on the proportion of dme the
cucillating par: spends in each location
during the scan.

Preliminary Clineal Reslis

Figure 3, first rew, shows the very
firt. ACTA.gram, of picure nade by
the ACTA: this & a crom pection of &
navel omnge placed inside a human
skull, all of which was phced n waler
I a bowl Qrar clinical expetience In
the lasi 2 meonths, since e ACTA-
Bconner was first used on patients, Fay

Fig 3. ACTA grams, (Fint row, left) The firsi siciure mode By ihe ACTA-Scanner. A wvel orgnge was, ploced intide & Ro-

mn skl {of ihe Iype

and reatisched with clips), and the shall wies
the varlom fissures and foramiss, ard the
bovl; mme ihat the les dense “white” parl bf e oringe
"prange” part of the pecl con be distnguished. (Fimt ow,

used by mefichl students, whens the skull

jenogmapilc layer oo the right mi the leve! of the fommen of Mpnro displars 1he

arited by the septum peliucidum, the thid wen
cused within the irigona of the lateral ventricles, which are abao ¢learl
parsvenircular densites, proba

ure Im froot and the increased kilaberal

“eap' can be remored fer dindying inside ' ihe’ cramizm
ploced in o plustic bowd of water; the water caslly flows inte the skull through
orsnge Boats in the waler, The ACTA-gram & of 8 venical cross wolion of the
pet] i elearly  visible, and above the waler level the mice decse
middie) Sections of the Erain |with continuous color specirum ). The
fronfal horss of the laberal venirkles sep-
tricle, and. the calcified pineal body ani chooid plexuser; the lalier pre I
v cemomiraled. Alsa evbdent are the interbemdspberic fis-
Bly corrsponding to the basal ganglion. The section an

ihe left s higher, showing more of the veriricles (Fint row, rightd llastration of the efectiveness of wsing cortrasirg colors

in diatinpoishkirg variows tseaes by their charscteristic densilies: & section B shown (B
and the sosterioy crenial fossn. The right ocular balb i clearly defiocd (gresn), wilh il

raugh the eyes, the middle erandal fossae,

reiro-orkital fef postericrly amd lacrimal

gland argeriorly (bath recdish beown); dbe optic nerve is ssen coireing back to ibe brain, The vigyt middle fossa & Iarger

thari e Beft and im bissoe §8 iess dense becavse of a fumer (astrocylcmal;
car be distingoished poste-ior to the petrous portion of the temparal bone,
the tkull can be sen stuciures of ibe neck musteriody aad the tempornl muscle
right) Enmlarged vemiricles with calcified choroid ple
ceater. Cerebral hematoms (cletied Mood is yelow
{buoe] nd stnsctores sroond and within spinal canal, (Third row,
the left lung ne viewed from below: & conirasting color spectrum |
&reh cnnd vena cava, Hghl blue) and bones (stemum, verlebra, ribg
ibhin thai on the Jeft and ihows less of the sortic srch, (Third row, niddie)
paient with lefi oleothoma: mapy years previopsly some type of oil hud besn

in’ the postmior fosss, he cerebellir hemispheres
while Interally the massold sineses sppear. Crueside
(brown} Imterally. {(Second row, left 1o
xmes, Cramiopharynzioms; arrows poist @0 cystic cavity, with golid masa n
and grey), Mandithe and & cervical vertebra: oote the mandibuler canils
leff} The sectlen st the right shows 3 twmoral codule in
msed, Mot the medisginal dructures (raches, black; soric
sed scosules: white); the section on the -ight s higher
Chest layer thioagh the snerior fifth rib, &
inecled inlo Uie pafiend's lung, probably =8 @

freatmen: for lubsrcatosis, and & fbrom capsule Drmed whick now encioses both the cil and wome terous fluid. The ACTA-

gnm wat mide wih the patiemt lyisg on his
igp of the wolery serous Buids ('an) ia €lenrly seen, The hear image Appears

watk, and tae horizontsl fuid Inserface betwern he ol (greea) flosting on
in front: the outline of ils varlous chambers, o8 $een

i this particu’ar level, and the differ:nl denalty gradiesis of the beari cevilies can be §ees, The normal right lueg and the Bft

larg. compressed by the posterolateral lesion, ae clewrly seen. ni Bre fhe
its central canal and the morts oa ibe left of the spine are alsy sees. |

pumona-y vesiels eriering the lnge. The spine with
Third ‘row, right) Same oleothorax displaved with

B ARTrower window to show ihe lesian |n more deisik ihe color scale shows imcreasing density Trom left 1o right Neto the

e bevils, correspending 1o ol (brown), emukified miztue (1
[light green) hai ke same density an heart muosch, {Fearl rew, 12t 1o right]

Bt tan), ard body Mukds (dark greem). The fbrow capsile
Secton through knees showing details of

heny strictured, inchiding marraw of paielbs, ard carcellow bome of femur condrles. Scan tirough knees showing pelellas,
feriirs; and | posierordy ) tendons, Medinl menissis sten in ripht knee. Colot rerdition of medinl menicus; cowor juil belew
heae deasily is blackemec, oulining right tibial proteberance (waite): cabor just bebow carfibge density i blackesed, oul-

linng meniscus  {yelbow},
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confirmed tha! this devics allows us to
study esery part of the human body.
However, moi of the approximaisly
400 patients we have studied have been
eximined beciuse of clicical mispican
of endocranit]l patholopgy. Thus, we
have obtmined clewr images of the
Inieral veniricles and thind ventriche
{far exanple, see firsi row of Fig. ).
The fourth veniricl: and some of the
larger subarachnoidal cavities (inier-
hemispheric a3d sylvian fssmes) are
alse sesn. Often, the brainsters is well
outlined, Occisionally, we have besn
#ble to mcogaize areas of increassd
demity In the regioa of the hasal gm-
glin, which may cormespord 1o the desp
grip-milier nbclel. OF course, when-
ever structures containing phyvsiolog-
cally high caleium levels (such as cal-
cified pineal or cherokd plexuses) are
present, these will stand ot quite strik-
ingly (Fig. 3). The evaleation of the
orbis, the posterior fossa, and (he base
of the skull is very rewarding [Fig. 3,
first row), Such paibological conditions
g3 hydrocephals ( Fg. 3, second row)
and tumors (Fig. 3, secord row) have
been demonstraied. A particulardy high
degree of peliability has been encoun-
tered in visuslizing iniracerebral blesd-
ing (Fig. 3, second row),

In the study of parts of the body
oiher thaa the skull and ithe briin, the
ACTA-Scanner has unigue eapabilities.
We have alrendy obiained usefol diag-
nostic information in the evalostion ef
the zranigcervical juncton, the cervical
spinz, the hindbrain, the cervical spinal
core, the chest, the sbdomen, the pel-
vis, and the upper and lower limba.
Because of ibe Inherent problem of the
moton of the birathorscis organs, and
considericg the time required for each
scan (between § and & minoles); we
had some doubts about the usefulnes
of the scanner in ovalustion of the
chest. However, we have been fovor
ably surprised by the detail demon-
stuble in these ACTA-grams (Fig. 3,
third row). Thes, lengs, heart, medi-
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astinal stroctured, and thomcic spine
are cearly visualized, In the abdomen
and pelvis, one recognizes the large
viscern and some af their bmer strue-
ture. In the limebs, besides the bony
elements, one may olsy definente mus.
des, vascuoneuml bundles. and fine
sarfiliginous components of the ioints
(Fig. 1, fourh raw).

ConclsEions

The ACTA-Scanner has virlually
nnlimited podential in the evalustion of
any part of ithe body, The usefulness
of the iechnigur bay already been
thown in the sparalsal of pathalagies
af the braim and cerchrospinal fhuld
tavitim. The orbits and the eyvebally,
the facinl sinuses, and soull base ledons
have also been elucidaied,

Tuisers of the laryns, pheryng, thy-
roid, and parathyroid; lymphomas; and
patholagy of the spine and spinal cord
ire well within e reach of this new
dingnostic methodology. Luspg pathol-
cgies, wich ws emphyseria, pneumaalas,
eeoplaims, mfatetions, plesral effu-
fons and ganolematows disenses, and
nediasting] pathoiogy represent & chal-
lenging comrplex of lesions 10 be np-
praized by ACTA-seasning. For the
heart, there f& greal potential for ob-
s=rving cardiae chamber shie, hyper-
vophy of sentricular or atrlal walls,
snd ventricufar or sortic aneurysms,
and powsibly for recognizing the dam.
sged  myocerdial tissue  frmedisiely
after or some tim: after an infarcion.
The aldominal pathologies that can be
vudied are glmost uncountabie: gaitric
reoplasms, pancrentic cysis and stones,
pallstones, neoplasms of the liver and
puncress, bowel fumcrs, ehdominal
eartie aneurysms, repal peoplsme and
cysin, aropky of the kidoew, blsdder
temors, diefine fomors, ovansn cysts,
aad many more. Althosgh bones and
joints are adequately demonstrated by
conventional x-ray techniques, thers is

no doub! thot as the new technique is
developed ACTA-grams will contribete
significart information in the irenaverse
plane, 85 well as in demsilomelrc analy-
e,

The iopact of ACTA-scanming will
not be limiied to ibe diipnostic ape,
but will extend, a1 least indifectly, to
gereral patient management snd o
some papects of medical sconomics as
well. Risk-laden, techaically complex,
and coatly dingnostic procedures, some-
timss requiring lengihy hospitalization,
will in some cases be eliminated. The
simale, innoceows, and noninvasive
ACTA-smining can be _bErfdhl‘l-ﬂli cn
an sulpatient basis, Repeated follow-up
examinations shoold be easily sccepted
by the paticnts, considerng that this
dingnostic test s carried oot withoud
discomfort. The entire flsld of diag
nostie radiology s on the werpe of
reveciutiopary chanpes.
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