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Development of High-speed Electronic C-mode Ultrasonic Scanner and Its Clinical
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Hisada), School of Medicine, Kanazawa University.
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Fig. 1. Diagram of C-mode scanning,

ERVLETHD, -KOBEREE2 700 EH
BRI 42, BPEELFATIERCE—
WKBOLTR, EEFAE*MRT 2520803 5, —
JEBEFERC > THO TEICEEL > 270,
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C-mode scanning plane which is perpendicular to B-mode scanning plane is
at a constant distance from the scanning probe.

SINGLE PROBE

ELECTRONIC PROBE

Fig. 2. Diagram of the rectilinear and the electronic C-mode scans.

Rectilinear scanning procedure should be required in the conventional single-
probe C-mode ultrasonography, while only
for the electronic C-mode ultrasonography.

a single-sweep scanning is enough
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C-mode scanner

mechanical
scan

electric /

scan

|select1’ ve displayl—————s C-mode CRT

—

controﬂer‘}e———-l c]ockl l————>

Fig. 3. Block diagram of high-speed electronic C-mode scanner.
C-mode images are shown on the C-mode cathod ray tube (CRT) using the

selective display unit.
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GEE 2 HOEEREE, —EOY = 7ERESC
BT ARMEOA L2 DB TERB LR,

2. BECE=—FEEORRE
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— FREEBEPHEI L EALL BE— FEBOMLRRI,
ERETFM - 85 mm (2.25 MHz %7243 3.5 MHz) %
7213 52 mm (5.0 MHz), $EHR . PSR, 51 5
Sy 7V VRREE 40 db, FERAR 1125,
TU—LEE N T v—ua/HTHB, ZOBE-F
$EEIC, V= 7HERBERD, &S FREIRFRHRE,
C®— FEGFRTHS L UBMEE2INATHBHEC T
— FEELBEL T, Fig. 3 2 DBRETT. K&EE
WBE—ReCE—F2RAMCBONIHMEL BT
Wa, FEOCERCBITS CE— FEERES DI,
ERHEICS T RIS TR AV 5. BIRETH
B (selective display) 13, BTERERI/ OVAE
Ehrs s —EOREORIIY — N ERITZOY —
FEEROZEEEDA R HTHEETH 2 (Fig.
4). TOBRIRFTEEEC L > T, CE-NHEZES
FRCEECRELS>204% 57, BEOEA %L
BIORIRT 52 e8T& 5, JIvsBondT—F
i, BFEEFROMEBRESTH2 Y ES LEEES
THB ZEBTHY, FMTFEIHT 2BRMEED
KFvyvai-—2inBeons XEELEbE¥TCE
— R Eif 7RI (cathod ray tube, T CRT &#&7)
WANT S, Zhick>T CE—FRCRT ik,
EEFME X EFEEFEE Y#HMETsCE-F
HEfHBFREND.,

B C - FEOBFEEFWHEIZ, 2.256 MHz
BLU3.5MHz T8 mm, 5.0 MHz T52mm TH

amp1itude

T

original
display

selective
display

> distance

Fig. 4. Principle of selective display.
Echo signals only within the gate in an optinal
distance from the probe are shown by selective
display unit.
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1) BEB & URABEATRERE
'@g@MﬁKmOJmm¢@%4UV*77VFA&
Nuclear Associates #£ B 0 K [ & BHRE%S
(American Institute of Ultrasound in Medicine,
B AIUM £BE9)BUED 1 mme OMIRT 7> b4
B L, AT S OPEME® 10mm 2 % 110 mm &
c10mm S EHELT, 77 F AOF I CRT L
CBEINI BRNOTA v L RBOBRKT A D
grflEL . ZOFHMTE SN L BEENEE, B
WPEEEL THOND LD THE L IHMT 25
p&2 ORI B BBEE E — L3 — > OB
sl s L RTHRIEEIN TS, LivL, BHHE
Ep L S BREPTRHE S NS bOTHADI
ﬂm%ﬁmﬁﬁé%@ﬁﬁ@%%mﬁﬁénfm&
b, 22T, EBOBERERIC BT 5 FEREOLHE
pEEL, TR LR © OREERIC B 5 BE
WEES R BRI RBOEUE (BEEEH (db) = BB
(MHz) /om) "™ DO TREL, OB
BULRERHEI L - TR, BREOS 1 V2R
FiLTH 0.1mmgé 10 v%7 7 P ACRT L
CETREANA L BABES, THb BN db &u s
Ex R RABBRERE L L.

2) FfrsERE
Ce—NEEGPHRERTH I o, Hlsfee L
T}, BFEEFAOHILORREE L BEEETEO S
AR E 2EAT 5 L ENH B,
EFEEHAOHISREEOWE I 0. 1mmg 7+
fovi7 7y P ABTEEAMEER S, BFE
BOREER T LICREFS L AL 2308 L THEM
PR, BIREEAEOHRMEERORECE, F
favk7 7y b ARBFEEAEISHTCREL,
BT r R EE A IS ETRH L TRERFS L L
PESLHEMERD T,

&5, 1.5mmé¢, 2 mm¢, 3 mmg¢, 4 mme,
5mmg OREFHGLEXL7 7 PLPEHWLWTCE
—FREB&R L.

3) W& BN RERE
BE—FIZB 2B MEREICE S L, CE—FT
BEEEOFEE FAOEAZRET 5,0.1mme + 1
uyk7 7y b AEROOHMEMERIET 2 L & biC
AIUM IR OMR 7 7 > b A2 LT ZABAREE K
bz,

) F4Fzyrvey
BEoS1+3swrvyvid, BBEOESESL
(signal/noise ratio, LAT SN thEBgT) L BEWE
BOSN friz X - Tt s h 2, BERTHO SN I
RS s FEL LTI, BRFEEICEET VYA

A ¥4 R —7BLU0TVvAT 4 v Tu—TIz
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3%, HSEREC LD /4 RREEOFERROER
FoTIBEAYBRELD B1ed, FRUND ./ A XiZ
DLTHEETo 72, EEO SN ticowTid, ¥E
DOHEREERHIICA YO A o — kR UIEMTF 5
BUTHELR., 3V FL/4X, 4 F¥u=7/4
ZBEVTVATF 4 u—T/4 20Tk, B
FREEHASL L UBREEFEOEZIZO2VWT, 0.1
mme¢ F4 k77 AEREOTHEL:.

4, EBEPLZ BT EME

BRI T B MENS T RIS L TIT o 72,
FEAR) i Fe A B IR AR A 24 ) (B 8 {51, RAEFRIE 6 61,
BRIRAEFRRIGIE 5 4, B & CHR5 B1), U AMEFRIR
BE 114 (Graves % 4 fl, BEFRIRE 6 G, 2w A
MR 1B THE. BREFEEOCKRMEELIMET S
BT, SHiEERREN oW T BE—F L CE—
¥ & KBEC THRA L, MR RS RERET L e,
g1 CE— FIzB Y 3RBEREORNBEHEEC DV
Ty BE— F@EOLBRE2{To L, WiZ, B0
WEIC DL T X B, ¥ v F 7 5 Lk PRTERRER
DB S N2 MO ERBEE L ONERE 2T,
$ AP EIRIBIESIC DWW T, BBOKE SORRI
DNWTL VF T I AEONMEREETI L L bIL, &
EBIB2La—RY - OREBIEHTELLE
HIZDNT BE—F EDHEEET T,
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1. 7 7Y hAIT & 5 EBHIMRET

1) BES & URABREIEE

WME7 7o b LBIUFAur k77 PAERAL
THRIE LR FOBES Tt OBE % Table 112537,
BRBRESRTHESNE, 2.25MHz, 3.5MHz, 5.0
MHz o B WL T # R F AT RE» S 35 mm, 34
mm, 29mm OFEEEIZH Y, #BT7 7> F A TORK
BE I F N F4 75.3db, 75.2db, 70.5db TH N, &
DEBOREMME T I— L RAVERT L SN
290 1mme¢ +40>%7 7> bATIEZNFN69.3
db, 69.2db, 65.0db TH -7z, Table 1iZi, &5
12, ERBOREHEB B3 BERER S OB
L TEBLAERBEOHEMEARLE, TOM
20db L BEREF S0k 77 NAHCRT L
CHHIARLRSETHD, INERRKEETRERE
e L7, BREEAAEREER, 2.25MH,, 3.5 MHz,
5.0 MHz ik L T #1110 mm 2L L, 85 mm, 56
mm TH-o71z.

2) FLLsfEeE
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FEMFCOVTES Wmm Z & RIELETFE
FHAP & U ER 5 B O H LIRS % EE T (full
width half maximum, LA FWHM & #&5) i T Fig.
5% & 'Fig.6 wR¥. FWHM O B/NME X, 2.25
MHz, 3.5 MHz(A), 3.5 MHz(B), 5.0 MHz O#Efil
FreENEN, BFEEFMA4.0mm, 2.0mm, 2.7
mm, 2.0 mm, #EEXHFET 2.1mm, 3.0 mm, 2.0
mm, 2.0 mm TH - 7z, FEEAETO FWHM /)
R AES ITETFIC L > TIE—EL TR0 D

b0, 5. 0MHz FEF CTREFEEN A, #Htas
BOWVIH LTS 10mm BT FWHM B/ 4
T25,3.5 MHz b F CRBFEE S AD FWHM g
IMEE RS EE DT 40~50 mm THB DR L T, e
EEAFAO FWHM B/ME %R T8 12 60~70 mm
THD, MARNTONRERRANRLZ-THS, &
FEERFEMTFCRBEFEENNIETF 7 +—H %,

BREEN AT b bR FOEAS R EEL » 1
LB 73— AABTOATLE0T, WHRTO

Table 1. Overall and weighted gain

distance overall gain (steel phantom)
(mm) 2.25 MHz 35MHz 5.0 MHz

2.25 MHz

overall gain (nylon phantom)
3.5 MHz

weighted gain (nylon phantom)

50MHz  225MHz 35MHz 5.0MHz

10 69.4(db) 69.1(db) 65.0(db) 63.5(db)
20 74.1 73.2 68.9 68.5
29 ® 70.5

30 75.1 74.9 70.3 69.2
34" 75.2

3 < 75.3 69.3
40 75.0 74.9 65.0 69.2
50 72.8 72.2 63.5 67.0
56 b}

60 71.9 70.5 61.2 66.1
70 70.1 68.5 58.0 64.3
80 69.0 66.8 57.0 63.1
85 )

90 67.2 64.8 55.6 60.9
100 65.4 62.7 53.6 59.4
110 63.7 62.2 52.1 58.8

63.2(db)  59.3(db) 59.0(db)  56.2(db) 49.5(db)
68.3 63.4 59.5 53.3 43.4

65.0 36.0
69.0 64.9 55.7 48.0 34.9
69.2 45.4

54.0
68.7 59.3 51.2 40.7 19.3
66.1 57.7 44.5 3.1 7.7
0
64.5 55.2 39.1 22.5 -5.8
62.3 51.9 32.8 13.3 -18.1
60.8 51.1 271 4.8 —28.9
0

58.9 49.7 20.4 —4.1 —40.3
56.9 47.8 13.9 —13.1 —52.2
56.0 46.2 9.3 —21.0 ~63.8

a)~c) The distance at which maximum overall gain is available in the frequency of a) 5.0 MHz, b)

3.5 MHz and c) 2.25 MHz.

d) e) The distance at which the weighted gain falls in 0 db in the frequency of d) 5.0 MHz and €) 35

MHz.

FWHM
5.0MHz
10 2.25MHz
(mm) ’

3.5MHz(A)

3.5MHz(B)
5
0

1 2 3 4 5 6 7 8 (cm)

distance

Fig. 5. The spatial resolution in the direction of
electronic scanning.
FWHM: full width half maximum

5.0MHz
FWHM

10

(mm)

5 3.5MHz(A)
3.5MHz(B)
2.25MHz

0

1 2 3 4 5 & 1 8m

distance

Fig. 6. The spatial resolution in the direction of
mechanical scanning.
FWHM: full width half maximum
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40 mm in depth

Fig. 7. C-mode display of the gelatin phantom with the holes of 5, 4, 3,

2 and 1.5mm in diameter.

The hole of 2mm in diameter can be demonstrated in the distance of

50mm from the probe.

BEBEBREOMRIZIASD 7 + — A ANZEHNE R
DESEMAET AL LEZONS, IS DM
FUAEBE—FHIEEH SO LOTHD, HEHHE
B (focal zone) #[h< & 2 72 &2 50 £ f BE A
BRRSTWS D EfflE NS,

BR7 7 b LI & 2R T, 3.5 MHz il F12
BWTEES 50mm Tk i/ 2 mm, %S 40mm B &
F60mm T &/ 3 mm O RIEHEMH L 2 72 (Fig.
7).

3) BEE IR S RERE

FEMTFICOLTEES 10mm e WHIE LS N
IERESMIERE & Fig. 8 105 . #Efk FRAOHE S X U,
FRiC L 2 LIk ELEA L2 < FWHM TH 1 mm T
hole 87 7 > b 2 & A SEIER I BV TR,
BREMT £ L 2 mm OMFBEA B TERRL 2708 1
mm OFFERE 8L A L b o 72, 3.5 MHz 57 0 )
¥ Fig 912”7,

H 1 riwrLoy

RRTRETOEBD /1 v i, F4or%
La=b X% 0db & LT, & 20mm MU ETIE~
Bdb AT T 0, M/ 4 Xk~ THhSWET

2.25MHz
1 3.5MHz(A)
3.5MHz(B)

2 4 6 8 10 (cm)

distance

Fig. 8. The spatial resolution in the direction of
depth.
FWHM: full width half maximum

Hoiz,

BT EEHAS L UBREESAOERK /1 AL~
V% Figl0 8 X U Fig 11 WRT. BEEFATIRE
N =2 DRRIHBT 3 A4 v u—TOERIZ, Y
1 Ro—7C L 2 BEOMMALNS, BFEEA
ATy Fao—7RZMA T v 474 a—-7
1 AHBEET 5708, BRERFEICHERTY S Fo
— T OENTHANTE>TW3E, F4arihenh
BIA TR % M & 2 BRI TD /4 ALk 2.25
MHz, 3.5MHz(A), 3.5MHz(B), 5 MHz D&
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fFICOWTENRPNETFERFAT—14db, —22
db, —22db, —24db, BB EE F W T—14 db, —23
db, —23db, —24db TH o7z,

2. HERIpER T 3 RKRIGH

FEE ORI 24 flic DT, B E— REB L UC
- MR BT AREONE - o —DEREMEL T
Table 2 RY. BE— N TRTNTORBMMHEESR
S L 27 OWR LT C E— R TIEERE =X 24 5
196 (79.2%) TH -1z, DD b BEHIERZE 8 Bl
BIUBMSERESRRE 2H O 106 T1x 246
(100%) 12 C € — R CHHATEETH - 7203, FTEM
&) S BIRE 14 BUTIE 9B (64.3%) L{BW#
EThol,

Fig. 9. A-mode display of the steel wires ar-
ranged in the distance of 5, 4, 3 and 2mm between
each other.

The steel -wires in the distance of 2mm can be
discriminated.

REDOWERO RO R D Tid, B £— pig
RENED LI — L SR8y — iz ¢
FHEBEERAT 2 e L VERITS 2 e
& 1203, C B — FEETIIREEO S RE R 2 BR T 2
SENHETHY, WML rI—Y - omEsg
M2l bPPRBTHE720, LTRSS
=LA K BRIREMI L e S £ 2 2B h o,

=75, XY > F 7T Lk EOMEES G
DHEBMENIC BV T, B ®— MRTIRES M 5
M T ATERIE LW 51 28BN EO R F O EHETH -
oL T, CE—FETHE X BFrs v s,
L OFREDMUBE XK E S OBEAMWED TS0 ER
AT A7, Figl2 WiRTRRBREESICIR, vysy
7 ARBEE L TREWEEC LS Ce—rge
FBUC T anechoic area #WH 5, ¥V F 75 A1)
RABERO LS LT TH 525, C E— FQTIES
DRERS & 5 3 BRI S & BENEDEAORE
DRI AN T B, Figld RT BFRBERE
FEfCE, X RATENBHRCED 515 2 HORR
{LFEHIC—B L T, CE— F{§IZT 2/H0D dense area
2B, YrF IS ATRERTHOBHOGEER
BT E 2 AR LEORKEILTHERTH S, £1B
T FRCEAERFEOGEEIEHTS 22 X 5§
EOREONLHEETH 5,

Vg AMEERIRIE 11 Az DL TORFICE LTI,
B & — N TR ONEHEAE LOKE X2V LODHEG
TRRTDIEEFTAERTH 0L T, CE-F
TN 0 -8 — o 2 EEERTE D FHED L L H
HThHotzbOD, v+ 7T A LEUL-ETERS
FRT DI ENERETH -7z (Fig.14),

BRI O KEEIC B W TIAEII & 2 RIEREE
LBTEE X -T2 e H B, FECE-FIED
SIRERIIER 10 SLUATH D, 3RO TIRECE A,
RS CORERZHSNE Mo, i, KO
Bifg B2 OICET 5 EEGHA M LR,
TSR EE s Y ABOBEER I, &
Oz AL S DS R A U IR b AR I PR
TH-oTz.
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30mm in depth

20mm
30mm
Gorm /MA/\MA\ ‘/«M/\W /‘“’“/\""
§0mm 60mm 40mm
70mm M”\/\/‘/\/\N /WA\/\W \t\v,,/\’\‘/"\
70mm 70mm
80mm M\/\\u ,\/\/A"/\M
80mm 80mm ]0mm
2.25MHz 35MHz (A) 35MHz (B) 50MHz

Fig. 10. The beam pattern in the direction of electronic scanning.
Signal noise ratios are 14db in 2.25MHz, 22db in 3.5MHz and 24db in 5.0MHz.

30mm in depth _—_—/L J\____

30mm 30mm
EET R PP YR 10mm
f
14db
40mm
40mm
40mm 20mm
50mm A
50mm 50mm 30mm
60mm
60mm 60mm 40mm
7o mm /\/\ \
J — e \k
70mm 70mm 50mm
_‘//‘/J\’\\,\\_.___ 60mm
80mm
225MHz 35MHz (A) 3.5MHz (B) 5.0MH2z

Fig. 11. The beam pattern in the direction of mechanical scanning.
Signal noise ratios are 14db in 2.25MHz, 23db in 3.5MHz and 24db in 5.0MHz.
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ZHNEATEEE T AR THIDIIHNLT, B E
— N TB 5> N 5B RORREGTHD, 2
n o O E R L O EREBTEE TH - .
CE—FHW L 2HBENMERERATSZLICE-T,
BERRTOREOABE LA & & 2O ERSHIE
T A 2 EMEDTHS Lz 5. Figl2 8 X U Fig.
13 RUERAIO & 5 w2, FRBESHOME, K&
&, WHEEMOBEGREEES L 2285 BERZE
HEOMM R RIL D 35T, CE— Fikid B £ Fik

L0RADPICERTWEEERS.

—%, BRI, CRTEE ETOEN D R E
EAMBEEHD R VIEBICBLTE,CE—-FEEB
T P L CHBRSELERRTIORETLHE
M ER s AFEEH B, ThEFRLT,
SHOEFERY KRS UNAEARZACEROC T
— FEBSRERFEINTHLE™,

2, BHECE—- NEOBRNESR

B—R#FIc L 5 CE— FEICHEKRLT, HEC %
— FRTREEFTERMNEL CERES L, #iRED

RENC L2 BROBNEREAL D L L bz, BiREg
THRBEEL SBIRT S5, LB E—Fgse=ys
—ELTHMT S 2Lk h C & — FRIGE SRR
5 B, PIRAOWREHIEREL ORETH 0 FEg
ENCEREBL ZEMTES, BEC - Py
& T, CE— FEITEBRIVER S S L5 %  Rmny
MEABELLEFZ LD,

3. C % — FEOFHIRIRE S

B & — F TIUBiffid ©— AT, HARELS
PEEORL S HES SRS ATV a0IRLT,
C & — REIZ S TITID A &AL S LB B 55+
B, MEEHE VA BSHE T © - 2l HAoE
BESERREDS AR AL VA THB DD, CE—F TR

PHSzBFIBTE WS, ihnwEEza-g
HANE B E— R L TR+ DTy, B
RIS EIERE ORI B LT, FHENTT -~
WL FERERIR L 0 — L RV E DERD V%, BE
— PTG T~ - DEE LTHHL 2L
DL T,CE— R THHEHTEROFDEELLD

Table 2. B-mode and C-mode echograms in patients with thyroid nodules

case diagnosis size (mm) B-mode findings C-mode findings
1 55 % adenomatous goiter 10 isoechoic n v. (%)
2 263 cyst 22 cystic anechoic
3 58 % carcinoma 25 hypoechoic hypoechoic
4 69 % cyst 21 cystic anechoic
.5 63% adenoma 28 hypoechoic hypoechoic
6 33¢% carcinoma 20 hypoechoic hypoechoic
7 249 adenoma 15 partially cystic hypoechoic
8 271} adenoma 10 hypoechoic nv.
9 469 adenomatous goiter 13 hypoechoic nv.
10 5098 adenoma 18 isoechoic nv.
11 4% cyst 8 cystic hypoechoic
12 37% cyst 17 cystic anechoic
13 33% adenomatous goiter 11 calcified dense
14 71% carcinoma 30 partially cystic anechoic
15 26% cyst 20 cystic anechoic
16 59 % adenomatous goiter 15 hypoechoic hypoechoic
17 63 % cyst 20 cystic anechoic
18 49% carcinoma 22 hypoechoic hypoechoic
19 30 % adenoma 25 hypoechoic hypoechoic
20 48% adenomatous goiter 18 hypoechoic hypoechoic
21 56 % carcinoma 15 hypoechoic hypoechoic
22 49% cyst 23 cystic anechoic
23 52¢ cyst 20 cystic _anechoic
24 45% adenoma 20 isoechoic n v

(3%) n.v.: can not be visualized
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Fig. 12. Thyroid cyst (23mm¢) of the lower part of the

Lower four views are C-mode ultrasonograms of different levels of echo
amplitude.
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Fig. 13. Two calcified nodules visualized as dense areas in the
C-mode ultrasonograms.
C-mode image is better than B-mode to compare the location
of the calcified nodules with roentogenogram.
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Fig. 14. Graves' disease
Lower four views are C-mode ultrasonograms of different levels of echo
amplitude. The shape of the thyroid gland in the C-mode scan is similar to
the image of the scintigram.
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Development of High-speed Electronic Ultrasound Scanner and its Clinical Application
Akira Kuwajima, Department of Nuclear Medicine (Director: Prof. K. Hisada), School of Med;-
cine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 91, 76 —90 (1982)
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Abstract
A new high-speed electronic C-mode scanner was constructed, since rectilinear scanning
procedure was tedious and the images obtained were unreliable in the conventional single-probe
C-mode ultrasonography. A linear electronic B-mode probe was scanned mechanically in the
direction perpendicular to the electronically scanning plane. In the phantom studies, the maxi-
mum visible field was 85 mm X 320 mm, and 7.5 seconds was required for constructing every
C-mode image of the thyroid gland (85 mm x 150 mm). The spatial resolution was 2 mm in the
direction of electronic and mechanical scanning, and 1 mm in the direction of depth. The
dynamic range was 24 db. When both B-mode and electronic C-mode scans were performed in
24 patients having thyroid nodules and in 11 patients having diffuse goiter, the C-mode scan was
a little inferior to the B-mode scan in the detection of thyroid nodules, but C-mode scan was
much more useful to compare the size or location of the lesions with roentogenograms or scin-
tigrams than B-mode scan. C-mode scan clearly demonstrated irregularity of the cyst wall and
calcified nodules which were not visualized by scintigrams. In the patients having diffuse goiter,
the C-mode images of the thyroid gland were similar to the scintigrams. These findings indicate
that high-speed electronic C-mode ultrasonography is clinically useful in combination with
B-mode ultrasonography because of the short scanning time and high reliability.




