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MEASUREMENT OF URETHRAL RESISTANCE IN
HUMAN MALES

Kiyoteru Kuropa

Fyrom the Department of Urology, Kobe University Medical School
(Chairman : Prof. J. Ishigami, M. D.)

By the use of a modified electro-magnetic uroflowmeter of our own make the instantaneous
flow rate of urine was measured accurately and recorded.

Simultaneously with this, a direct cystometry (suprapubic) was performed ; recording was
made of the intravesical pressure during emptying of the bladder and values for Pgy/F2 (Pgp:
intravesical pressure at peak flow) calculated, which were considered to represent the urethral
resistance.

Discussions were made on the urodynamic significance of the urethral resistance Pg/F2,
and various questions arising as to its correct determination were also discussed. The exit
pressure was neglected which was regarded as atmospheric pressure, and, an adapter was
connected to the transducer of the electromagnetic uroflowmeter to neglect the effect of the
vena contracta. ‘

Determinations were made of the above mentiond parameters on 33 male controls as well
as 29 males with mechanical obstruction of bladder outflow. The following results were ob-
tained.

1) For normal males the average flow rate (AFR) was 3.4~18.8 ml/sec with an average
of 9.2ml/sec. The peak flow rate (PFR) ranged from 21 to 49 ml/sec, averaging 32.7 ml/sec.

The peak flow pressure (PFP) was 5~62mmHg, 30.7 mmHg on the average. The urethral
resistance (R) was 0.0028~0.0689, averaging 0.0313 mmHg/(ml/sec)?.

2) 1In the group of patients with difficult urination due to mechanical obstruction values
for each of the 4 parameters were found well correlated with the severity of the disorder
which was classified clinically into 4 stages according to the average amount of residual urine.
The urethral resistance (R), among the said parameters, is considered to serve as an important
index for the quantitative evaluation of the degree of bladder outlet obstruction, showing a
particularly distinct correlation with the clinical stages of the disorder.
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Z 0%, FRIELIHE L OBFR» D “REE
2w ISBRBnERE N, OB SR
EEOBRELZHENCEDLT O LLT, £
DHEFRLIOBEIND IS k- .

COREEFREEET 5 HEcRRHIL T
OB D, FO—2k I, RRE—E0TY
WA B (aminal flow) &% 2 {HEL,
PEREP LIEF AL TR, BHMERE
DoRban%. z0FrnRREEICO
WThk#mHio o, Gleason and Lattimer
(1962) 9% Pierce et al. (1963)7 & DFEM
b5,

fhd—o1k Smith (1964)®, Claridge and
Shuttleworth (1964)® Bic k- CHRIEI N
HDT, REXEKTH O, REER: LTk
R=AP/F* TRbLITRETH B L 5. D
MR T N THREOEERI L » T\ 51071,
LU, REEHCOWTE, chtql ik
INlebid i, *OEBPELRIFRKIFE
YT, REORMEHECES ¥ T, iR
BESOHEEERL T 5.

RWE, TeE2BIRTH2 2 L THERRET
71, ¥FREED rigid ZEIELEZIOTH
R, Eh@ i, BIRO R=A4P/F? it 38K
OHBFORRKE L & b EHCEET 250
THO, TREEABECULARZ LAV, ¥k
Gleason and associates(1967)1y1 exit pres-
sure K& & &7 LieBg, exit mibRE
OEcle L, #HAEL (Vena contracta) g4
L, R=Pp/F? (Pg It intravesical pres-
sure) Ik “HER” O b AL, rigid ¢/
WIREBI H LT B & D lESR 7 i) T
%.

Bz, HRF BT 2B K & REE &2
5, KIFHCHEEO R WEIFCHREEZD
BE% Lo HENCFHEcEonresd
5.

Ty &0, BRRKEST (electromagnetic
uroflowmeter) #RIEL, B0 RKE
B4 1213 [EfEc BECH CE22 L2 LD
o, IDEWELRC Y =FVLVaT—7
NRBHPICHEA LT, FEREFBHANEDEE)

(suprapubic direct cystometry) & R & [
BB Ay YRS 57 LEHLL, 2O
FrECLT, FLLTBETLonT (LT
DWW TR ORI DT %) UToRERHCEH
L, HEREEOBEC oW TR 2 FHE LR
B L5 & LT

DOFHRHEE (average flow rate; AFR)

@ BRI EE (peak flow rate; PFR)

®PFR . BT »HRE (peak flow pressure

; PFP)
@B EHRE (maximum pressure ; MP)
GREHYL (urethral resistance; R)
R=PFP/(PFR)

ok, BB R o W T, exit pres-
sure HRGEL AL LE, ©OHE, iR
(Vena contracta) Q@R EnT57kd, &
BRARE O PV AY = ~+ W52
adaptor % EH U7z,
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Fig. 1 ok > CERERICE v, R¥E adapter
BIVEBRRREHDO P VAV - 3R LB
—oDEREEEL, RRvERNCI—EoEEY
Fh b EEH L RETEUTORA R T b0 &
Hrbhbd.

BEBLEEIE & RN EET D 4 FE DS 0 TR
OLIBYKEE (total loss of head) % hr &3l
Berneuille @ =34 ¥ —RX

Pp.y Vo_Pm_, V&' _ p 1
T+B+2g 7+E+2g r (Y

ZOWE
Pg : MR (intravesical pressure)

Pr: R4 7Wosn (exit) ZEHTBR

o (exit pressure)

Vg + BRI U 2 ROFE
Va: A4 704E (exit) Kk} 5E (REEE b

FUYRL a —HTL b I &)

Zg « BENESEIC 31T B (LB KEH (potential head)
Zg: RWER <4 7 ORI RT DAEKE r=pg
(o ZHEE, sRENOMEE)

o tVe=0,Z—2r=0 L1, LI Pr=0 (X
KEL Zicd. ZOBTEHRE BE LWL,
Licdio Tific atomospheric pressure 0% Pr
THDHEBETEL) ETHEARQD) RO X SieE
FBZONID. ‘
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BL ADDER NECK

URE THRA

ADAPTOR
TRANSDUCER
Exit ———s! B
Fig. 1
Pr _Vim i py @

e 2g
BERCERIR 4 X R R & PR, EER X
VYR BT 5 NEOBEL b jabd & ThiL,
adapter [ATFoIEEH G2 N+1 segment L&
TEND, Fhdx, &BIIKE Ar 1%

=52l UL +>35V2?E ©
feril
s 88 S segment ICHITHE A BEEEK T Re
(Reynold number) OBEETH 5.
1o 1 fpesE S segment DEX
ds : ElEsE S segment OERE
& WO EE. RROZEL GHRER D adapter
ADBTIAROAEERENLD) K> ChTHE
% o B IRILRE DN,
W EREDOREL D

d 4
Vidd=Vdat, Vs=Vn L2 ds ) V32=V2E(f) -

BHHEMS =R AF—-R (2) RO I BE LD

ns.

Talte Gt (Bt E) Ee (@)

V 4 n+1 dE 4
e Sia b ) Ha (7)) @
F R oOREEY F &3l
d 4F
F= VEn(g) Va=rgm
THDrb, N @ %

Pp—Pm_ 1 16F [, 2 I (dg)!
oz Og mwdit [Hglls ds( ds)

+:2:$s (%’;1)4} )
Py # REEL AL LT, F? 2EIC BHTIUE
# G) ik

4 B4l

Ii—f=n§§E[ +§J 2 b (dE) +316 (T) } D)
PHALT 5T Ch L. K (6) ofidik REOHE

BFOERBORT L » TREINDLDTHS. Th
W%, FEI Pp/F? HEHRTF L A50CHERILE:
WeELZB, k2L F L Pp ERERHNCELT S
LA, BOEMLEETIHTTHS. ¥, 5t
HE 5 EHETEMIER 2 DARE D £ COEHR
EPER T VAR a — DAL T ED IR
I adapter IEHL K LoFl (R+R) TH%H. L
LR 3tz —ETHiE RRINEND,
R+R #REEHE UTHEK > CHHEI 2L
5.

RIEHIKTTFIRCIERNT L OO DB DD 5 b,
RO H % Dik Huffman and Keitzer (1965)1#,
Pierce et al (1965)!9, Smith (1966)1®,
and associates (1967)13 NPT bR B, =2 TH~N
Teb DIXREBEE S OFHE W Is2E L B L& T
Pierce and  associates (1965)'» == Gleason and
associates (1967)19 LHEBPDOTHE 2 B,

A ' A K

Gleason

(1 "BEEE

WEME & FEORGIL, HANXREILEESHE,
HHARERTFERE RM-150M & (Fig. 2) # M
2. MEHBIVENFO P F VAT 2 —hboA
VoA (impulse) 1R F 7IXRTERIBESEC,
BRA v w777 LR ERs (Fig. 3).

(2) RfiEfME (urinary flow rate)

RABOWECIL ZH, N RIEL B IR W &5
(electromagnetic uroflowmeter) % {FRH Utz A&
B A ACETERA AR OBRMITE) MF-2-2 3
ZRMEBWEHCHE Lcb 0 ThH s, BHHoWHE
BHITAE 6mm, £X 10mm ¢, JEREHE
0.5 ml/sec~50.0 ml/sec T, BREDRMEY IFHEC
WEREcx s Fig. 4.

R, BABTOEEI I VAV — v HET
H adapter (Fig. 4) % E#EE LTI T #ET
. PIVAY. —VIEEL T adapter |
BIHETAREOCEESELLERD D, Zhidd-
ELRABFERIND (KT TSR OBEIL
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®BlTs) .

(3) Bk (intravesical pressure)

BEE AT X = 2 — vRBEPRCIA LT
W+ % (suprapubic direct cystometry). 52
THANETHELR, BKENG P vARA YV —
MP-4T # (Fig. 6) %o acékEE RM-150M #
Wt Licb ox vz, MP-AT By 5 vAv. —
XYWL 2y 2BHL, ZTDOT vy vy —~y ¥
SRR ORI AR TH B,

(4) WALE, s X OIE E R

B FTIER, PR Z L S ROKG H e
S, FREERREK 500 ml A SiEE L, B
WA RIS THIHER TR, 0.5%Fvrehf ViCT
Bl Mo Rk% i L, suprapubic 12 #2VAMEL
TeRY) =svvah7—71 (Fig. ) #ERAFHA
LT, ChEBERAErT VAL . — @b+ 5.
DWTHBRE T L, WIS ERERE 7 v Ay
2 — IR LcH A adapter w#afXe5. B
BEDKROIIIMTH S,

WEAFLHEZEO DM ELEZEL, WEEL»
=TVt LRI hREEL Tk,

JWEMED FEZ W35 721 1 [EoFER ki 200ml
Bl b L,

PRI HeEE 1.0055 oKL L,
suprapubic [ZHE Y =+ v v h T —F o wa L TR
WANAND Z EMRTE, flEITHLIPETETHS. Hl
TEVEMGE 3 I ER 27w, FRLOE TR B
BRTRER Lic, 7ol DIRMEDBE G Blbh, +
MK LB awcizdil3 5.

A M R

IEF O & R EE R G & % 2500 TIE L.
IEF BRI ~T1F O F I IR M B & 3eb 7 3733
BT, ZHICIZBREBRHINCIER & & b s B
BRIOESA, BEY, X FTHRBCEELZRD
RWEEFITH B, T THMREEBEEGIL, WTh
VAR E X HRBIC e E ST S hic b o T, R/
SERRIEAAELAGY, BiISZRRIG 5 1, JBEMESEI (AR 5 61,
PRI PRAE 5 BIDET295ER TH % (Table 1).

PR RPEIBE & 48 S 5 BserBE IR B B H i o
WU, SIEIDFHI A BRI L.

B "

B ST _RCOIEFICoWT Table 2 ok 5
fon— KRIFR LI EROLEE 2~ 3 DRp R

Table 1 J5Es

w
™

1w |
Bz RRAEAAE

ISz

B SRAE( LAE 5

S

wn

it 6201

X, Table 2, 3, 4 X 5icinsd. ZoFEMxD
TEFOHRRIEE BACRT SO TH S,

ZHHO EEE ERHGE PIRBEEGICOVT R
%, e BHERFEEGIC OV, SRR M
{93 X OV VERIPT BT X A BERAY7: impression & o
B D e x Bt L7,

D EFFFHI

1Y F33EFI DOWE (% 7:3 & Table 5 X 5
s,

4) AFR (average flow rate) ml/sec

PF
'

A
X
7
= \

Date 42.9.22
Name F.Inoue
Age: 54 male
Diag: 1-Renal Tumor

Initial Volume 300m1
Volume Voided 300m1
Residual Urine Oml

Feak Flow Rate 34ml/sec
Opening :ressure 25mmHg
Peak Flow Pressure 20mmHg
Maximum Pressure 70mmHg
Cpening Time S5sec

flow Time 16sec
rost-voiding rressure 33mmHg
Average flow Rate 18.8ml/sec
Urethral Resistance 0,0173

Table 2
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PEP

Jute &5. 1.5

Lame T.5awada

Ape:?1 male

Uiag:Benign Hyperplasia of the Prostate Gland

Initial Volume .
Volume Voided 50m1
residual xrlne .

ﬂ?m;/aea
muig

97mmbg
113 n}‘g
55maHg
1e #ql/hec
ﬁbsec

Hegistance 256

')/;mum i r
l t-voiding iressure
average flow Rate

rethral

Table 3

4isec
C.6790

Table 4

6.1~20.6 TYHftE 9.4 EBHERZEL 3.6
PFR (peak flow rate) ml/sec

21~49 TIHHEIL 32.7 EEHERAT 5.7
PFP (peak flow pressure) mmHg

5~62 TIHEIL 30.7 EHERAEL 12.9
MP (maximal pressure) mmHg

15~80 TRt 41.7 BHERAL 17.1
R (urethral resistance) mmHg/(ml/sec)?

0.0028~0.0689 T F5fEi% 0.0313 EHifRZE
1% 0.0161

L ko AFR, PFR, PFP, MP, R &2\, %4
S X hEBEHRDHE, Fig. 7, 8, 9, 10, IV
Fig. 11 &% b T, AFR } PFR 134408 E
b PanBd ot mrds, PFP & MP &
X O RITESIT X A OHEALEED bhvie s .
Lo LHEBREEGIE D D70 £, & D s DT B
i hio 7.

(2) HERIEESG

SAEFI29C oW THEREE ORE 2, BAIMCHE
LIERROBER I ORI X D 4 BIE(S, Sa, Ss, So)
AL, el Sz REN 20ml LUF,
Sy #HI% 21~50ml, S; #iix 51~100ml, S, fiix 101
ml L Eo#rRd. BEREOHREILED BDDOES
oW e 5 ARIE LZDWEERY &> b DT
WL I N ERIRE LA TV D, S OEFIT
STosEEE Table 6, 7, 8, 9 WRTLED
TH5b.

St # CPgERE 0~20 ml)
AFR (3 1.7~8.9 FHfH 5.1 BHEfRzE 1.1
PFR 1% 19~31 SPHME 24.3 BHERE 2.9
PFP 1% 30~90 i 51.8 BRERAE 17.7
MP % 33~101 FHfE 61.9 BE#EfRAE 19.5
R % 0.0444~0.1405 5 0.0904

ERHEfR 7= 0.0306

Sy 1 CREERE (21~50 ml)
AFR 1% 1.9~5.2 SF5fE 4.0 B8R 1.5
PFR (% 17~27 5 22.3 BE#E(RZ% 3.0
PFP 13 35~81  “F5ff 50.2 BE#EfRZE 15.9
MP (3 45~98 St 63.2 EIREfRZE 18.8
R 1% 0.0662~0.1531 =4 fE 0.1021

B R 0.0295

Sy # PR E 51~100 ml)

AFR 13 0.9~6.3 FigfE 2.0 BE#E(RAE 1.8

PFR (% 9~27.8 SR5fH 17.1 BR¥E(RZE 5.7

PFP (% 44~175 PG 80.6 EE¥E(RZE 35.1

MP % 60~200 SF5fii 101 ERHE(R% 48.5

R % 0.2037~0.6790 SE#fE 0.3277
Bl 0.1678

Sy M CREEeRE 101 ml DLk

AFR (% 0.3~1.4 P 2.0 Ei#ERZE 1.5
PFR 1% 12~17 H4fE 14.7 BEdERA%E 1.9
PFP % 55~145 SPISfH 106.3 Eid{Rz%E 34.2
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Table 5
No. | Age | yolume PFR AFR PFP MP Flow R
1 6 160 28 8 37 41 26 0.0472
2 160 27 6.7 25 45 24 0.0343
3 | 22 300 42 7.5 5 28 40 0.0028
4 | 25 350 37 2.5 26.3 31.6 28 0.0192
5 | 25 350 42 9.5 33 57 37 0.0187
6 | 26 450 42 9.4 27 40 48 0.0161
7 27 300 42 1.1 27 27 40 0.0153
8 | 27 300 30 6.3 30 40 48 0.0333
9 | 29 240 27 7.5 24 35 32 0.0329
10| 31 300 30 8.3 30 35 36 0.0333
11| 32 300 33 9.1 28 29 33 0.0257
12 | 34 300 30 6.3 60 75 48 0.0667
13 | 34 300 27 8.8 17 20 34 0.2330
14 35 250 33.3 6.9 39 30 36 0.0352
15| 35 300 35.3 8.3 43 48 36 0.0345
16 | 35 300 21 15 14 15 29 0.0317
17 | 35 300 27 6.3 2 24 47 0.0302
18 | 37 400 37 10 25 30 40 0.0183
19 37 300 49 10 24 52 30 0.0100
20 38 300 26,5 7.5 30 30 40 0.0427
21 40 400 30 10 62 75 40 0.0689
2 | 49 250 27 6.9 22.5 27.5 36 0.0809
23 42 285 33 7.4 30 37 52 0.0275
24 | 42 300 29 9.4 56 57 32 0.0666
25 | 44 200 33 6.1 45 50 33 0.0413
26 45 300 34 7.5 20 27 40 0.0173
27 | 53 300 36 6.3 20 25 48 0.0154
28 | 53 350 36 20.6 32.5 35 17 0.0251
29 | s3 250 30 19,9 13 37 24 0.0144
30 54 300 34 18.8 20 70 16 0.0173
31 | 54 150 30 6.3 37 53 24 0.0411
2 | 71 220 3 11 43 47 20 0.0478
3B | 300 31 6.9 45 74 44 0.0468
S iz%vl : ‘ 32.7 9.4 30.7 41.7 | ’ 0.0313
Z% g{ ] 5.7 3.6 12.9 17.1 ‘ , 0.0161
MP 11 90~255 P9 146.5 ELEE{RE 64.1 Rote. BRZOHE, % stage OEHMERIC O
R 1% 0.2148~0.8889 SEfH 0.5448 T, IO AEEE R LD, 1 YDfRET
EHEE 0.2778 boTCES, S B, S, S & Ss Si MlCHES
PLEKE el L oHBEO B &Y 77 7 T TRRD T
% & (Fig. 13), AFR, PFR % stage & 3Tk o i

EmZmTH, ¥ PFP X o8 MP 11 stage & &
DICEBIC LS5, Tk EHER &4 stage 1% rLicii~ie X i, REORDFHIFT
AFR, PFR, PFP, MP ol LT, X b i R LR RERIICEST s TR Bur sk E
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Table 6 S # (RF 0~20ml )

. . Volume | Residual Flow
No. | Age Diagnosis Voided | Urine PER AFR PFP MP Time R
1 55 | BT REEEAKE 250 10 26 8.6 30 45 20 0.0444
2 | 60 | BivrRiERE 80 20 25 4 45 45 20 0.0720
5 | 63 | BiSZRREUAGE 245 5 22 5.3 33 33 46 0.0682
4 65 | BiSZIRIRAE 240 10 24 3.8 65 82 64 0.1128
53 | BisTiREE 190 10 27 3.4 90 101 56 0.1235
74 | BiisrigE 240 10 26 6.7 64 64 36 0.0947
58 | EBEEEE I LR 40 10 19 2.5 42 43 16 0.1163
18 | JEhksEmRE LR | 250 0 31 8.9 40 55 28 0.0416
52 | BEBCEEIRRE(LEE 190 10 21 5.8 3 78 33 .00794
38 | Rug¥ere 170 10 24 5.9 58 60 29 0.1006
60 | FRgpese 130 20 22 1.7 8 75 76 0.1405
. 1 24,3 5.1 51.8 } 61.9 ’ 0.0904
Y * »d
= ‘ 2.9 1.1 7.7 19.5 0.0306
Table 7 S; #] (B 21~50ml #0)
; . . Volume | Residual ' Flow
Age Diagnosis  |{7oided | Urine PFR AFR PFP MP | Time R
1 56 | BUITHRARAHE 270 30 21 4.2 40 51 64 0.0907
2 62 | FisTRRAESCRE 240 60 17 1.9 36 45 128 0.1246
3 67 | BRI AR 200 80 23 3.8 81 - 98 52 0.1531
4 67 | BiITBEREARE 140 160 27 1.9 55 70 72 0.0754
5 78 | RiSEARAEACRE 235 65 23 5.7 54 70 41 0.1021
13 58 | EERrEESSEEILAE 115 85 23 5.2 35 45 22 0.0662
g ’ / 22.3 4.0 , 50.2| 63.2 0.1021
B e ‘ ~ .
B = 3.0 1.5 5.9 18.8 0.0295
Table 8 S; #i (BR 51~100ml #B)
R . . Volume | Residual Flow
No. | Age Diagnosis Voided | Urine PFR AFR | PFP MP Time R
1 67 | BISEEEREARE 40 60 20 1.1 93 165 36 0.2325
2 72 | B 70 105 15 1.9 77 86 36 0.3422
3 81 | BTATHERAECRE 53 22 22 1.1 175 200 48 0.3616
4 89 | AiSTHEAEICRE 150 50 12 6.3 65 69 24 0,4514
5 72 | BINTERE 40 50 9 0.9 55 83 44 0.6790
6 76 | BiTIERE 120 40 13 1.5 44 60 80 0.2604
7 | 47 | RiggsE 95 65 | 18 0.9 66 75 108 | 0.2037
8 32 | BERLTEE B LA 150 150 27.8 2.5 70 70 60 0.0906
o ! ‘ ~ 17.1 ‘ 2.0 | so.6 101 0.3277
%ﬁf z | \ \ 5.7 1.8 35,1 48.5 0.1678
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Table 9 S. # (B 101ml L\ D)
No' | Age | Diagnosis Xg%gglf Residual | ppp ’ AFR ) PFP | MP | OW R
1 71 EInA o e 50 330 17 1.4 97 113 36 0.3356
2 69 | BISZIEEE 100 160 16 4.5 55 90 22 0.2148
3 27 | REpE 190 310 12 1.8 128 128 104 | 0.8889
4 | 28 | FREMREE 40 260 14 0.3 145 255 82 0.7398
SEoM l 14,7 2.0 106.3 | 146.5 0.5448
.{E 3 1.9 1.5 34.2 64,1 0.2778
m
e
30+ Average Flow Rate 30
ol . Maximum Pressure
wr . 20¢ 3358 .
. mmtg 1456 .
. 140 IAD}-
1o - st . Jok .
e LMY . : 120F 120}
. iy, ! .
L L i L1 . ' ' ; - : 1004 100f ¢ o
0 10 20 30 40 50 60 70 Age S,5,5;54 . *
. 3 oy
Fig. 7 * . * -
[
Peak Flow rote sop . . &0 ¢ .
Lo - . * - :
“of * ". s ® 'y 4o :
503 . S0k LN - :o .
20} . 20}
4D o 40 N . .
* ® % ( 0 o % rs 30 &0 70 e S Sz 83 S¢
es  of . .
X . . .0. Y o:‘ - » ’ K Flg 10
204 hd 20 ! < H
[*- 3
se
10 0 -
i 1 i .  ——r —ar vy
© 0 20 £ -~ 30 ) 70 20 S S S Se
Fig. 8 Urethrt Resistonce
L3
Peak Tlow Pressure -
. .
1o r ol
1204+ 1408
o Y
100} 1208 .
. * [bTe ]
- ® L * L ] ¢
sor r ] hd (YY) . ]
- . . .
sof ¢ ° o} 2 . ¢ [ DY .: L ]
L] LN 3
'l A 'S L L ‘
L1 . H * . ' Ao-: : . 10 20 0 0 50 60 T Agr
.J o © @ . .
I Tete, a ok Fig. 11
L4 -
3 L. L A
¢ 0 20 ] 3 50 P YN
Fig. 9
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%c my Y
(AFR) Be  (PFR) mmty|  (PEP) | (MP) e R
151 L L L i
40 120 240 06 (02778)
(342) .
0544
8 35k (& 100} (s 2005 o5
193
(26) e 806 (64/)
104 |94 3o L N L
o0 0 P (0/676)
) 0327
(29) (485
=y 243 30 s Y ol T
223 313 502 :
un
5k 51 201 (57) 40}~ 4
1 %) (/22 EOT (/55)\168) ozf -
d 307 619 632
, i
(z/:Z) (z/.g) I471 - 40r I4/.7 o 1H00308) If]f]'/%zzin
wis))
1 —L ' T S S H N R 10'0‘9‘/‘?
CS %S5[ C5855 %] CS5%8S | C55:55 €555,
Fig. 13
Bt R B O TR B & AR R 2R T
e WETHET I LERH 50T, HEFL
25k = H%EEE (suprapubic direct cystometry) 23
Wxn5, Gleason and Lattimer (1962)9,
20l Pierce et al (1963)7, Smith et al (1966)17,
Lewin et al (1966)" LR EN W7
15k —~FAREBAL, BHRELZRER&EL T2
2, REainFa — TR BT O IRERE
10- BINRPERE TR W2 L, HER W LUIRE
BROWECHROKESRBELELS. Ch
5L 1z Hopkins et al (1965)1® HIEHFHL T35 &
zATHD. ¥k direct cystometry vk D. Car
‘ | ; . . dus et al (1963)'®, F.B. Scott et al (1964)
s s s 2, Susset et al (1966)1, Whitaker and
Pig, 14 Johnston (1966)'2), Boyarsky et al (1966)%%,

Hah, ZoHERHEL o005 %5, LHLTH

R BEEECET 5 ch b OREER F 125
BIhtdboThl, FOHFED—D—DOF L

> TEHTHLLOMEYBRL TV, T TR

EEOWT URESRELPLCLT, ¥THElE

BlrckFrE84s0lELRL, 2V TEED
2B oW TETOELR YR N,
D BlEFHikcsd sME

© BEAEOHE

Catacutan-Labay et al (19672 bic X - C4T
b Tnd, ZOHBATHTE BRI
PlaeF = ~ 7OEMABREEN S,
® urethral exit pressure (Pz)
BHRCRE S XORGEOBER X » THE

3h5ﬁ#ﬁ?mkﬁbﬁxﬁmk_#L

Do Prcskpans. cndx, &0 ERAME
x5 5edielt Pr OWERDECH B,

Pz O PIEFH e 2Tk Schwartz and Bre-
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nner (1922)%'%> Bryndorf et al (1960)24 1%
R cast distance 7 b ARG 0 AT
ROWRE (velocity) #xke, MENC Pr %
HELTH . COBARP=Y »ERDE
5. ¥7z Smith (1966)1" 114y open ended
tube ZARBEEORECEEL, P % E
BWEL .

Whitaker ahd Johnston (196612 v%. tambour
X ORBOBE N EWEL, R
flow rate 2 LR Pr 23 L. 2h
WEn% Pgp meter tambour LFEATE, ¥
Wise et al (1968)% yx[R&ic#fA L 7= Pitot-
tube 1 X b dynamic pressure & static pre-
ssure 723 O FPWEL T 5,

BEoTikdkwThd flow rate o IERERHE
EEBREC T 5 L 20 BRORETH 5. i
7 Pierce et al (1963)7, Claridge and Scht-
telworth (1964)% < Susset et al (1966)19yx
Pr 2 RKEEHRL, thuEEHRL TS,
RU»r b7 X 5 ik Gleason and asso-
ciates (1967)'® 1 X ¥, exit pressure % -k
[UE L A7 Liehg, exit miHREDRCrl
{, MW (Vena contracta) 4L, +0
Mo elastic mRBI B\ TIRTAEEE
FELPRMEEC L > CERINS. Th® 2z
R=Pg/F* (Pgr % intravesical pressure)
vk rigid model LSt & & b {IERR W LR
Twh.

FED Pr 2 RKEE AR LK, HIKOR
RueT5kd, BRRREHO v A
= — e Fpll7e adapter #EEL, FEEME
DA T HEDIEHE LR .

® urinary flow rate

1) RIEBREEEC OV T

Gronwall (1925)% 231 U T RN E % iRH
s T s BELE 2 LR, 2L o#KKc
Lo TEEINTWS, % &1 von Garrelts
(1956, 1958)1~%  Kaufman (1957)%?, Drake
(1948)?® (1954)29, Stewart (1960)3®, Ross
and Nixon (1961)3", Holm (1962)32 23k 1F
bhs., ch b <CROBRMER LR
ELGETHIOTHS. Lo LREEIAZHT

SEENRMBEORNEXRETILEND 5.
D izdiciy Cardus et al (1963)3% 23345 L
RBREREES AR bES e ELbRD. FE
X0 HMO D, BRMLE (BELEBITE
HED 2UE ULABRREE % b0 w2l
Lz, ToE#z @L< 0.5ml/sec
~50.0 ml/sec o %[O R &L T
R TEHBOTH 5.

AMBFEZEAT 5w b - TET 2HME
oW T TR ELT 5.

i) BRREET CRETSHBAECAELCLH
A

A1) adapter ffH DR

BERRAEHOBIEC Sl TEEBTAEE
—DEARRE N VA2 ~IBICGHEBNEA
Liwnwa 2Tk o, = Oksic adapter 2HE
TH o, BEERadapter 1 BEIBIRE D CE
EINTHELTRAED W, %icadapter O
A X 0 EHRAROBELZT v o 2EHERE
LizeBDThb,

D IWEHE & EHLER, BIBO &0
R+R' (R HEAKBOBIL, R 2RIEEMHEA
FHWOEH) L LTELIhS., Ll R B
BALT—ETHD, ERFENEEL HRE

& (BENEEr X 3) oBREKET 2R

7t stage LD BRWHBEIMEAEB L Thkd
T, TORCERERMEIR VWL S,

v) HBERLT, YROBE

WERE LT, IR ELBIMNAREDTTC
rEiR o adapter 2MERHCTE0W. ZOBE
i Fig. 2o X5 hfRvT2Hw%. 20w
FTRAHE 7 7 I RPER TR AR (fun-
nel) #EoodidboTchn. zOBAHEH
INEREEL L L DCHELTF VA2~
Wax @B+ 50T, Thic X D EEEL»D
OHEL 5135, Fig. 14 roBE2TELE
0T, BN adapter (FHRFO VI EAE, Mk
vx funnel FHAKFOREMERT. & BFHAD
e d adapter f# filSc LT 0.4 BF O
Faxhx.

N WEOEBL XA HEYF VAV . ~F
DRI 2T
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AENAEKEE (1.0055), 10 Z&iEK,
AR (JEE 1.005 & 1.012 @ 2%88), Bk
CF FOBER (5% 220%0 288 o*n
Fhiwonwt, 10ml/sec THNIS L5
VA~ ABHEL, AL HEBCLRE T
FVAY 2 — Y ORIGHETF., FThick b
MEEREECHEAT s B EOB B E, MK
&, BEBECRERINTD» k. L LEE
RRARE, BB CIRE L C b ARCEEEY
FLEI LW L EERL CAEENRERE M
U7, »

@ xofimiEr b d s HE

i) HEREs

B Lo TR HRLL TV BB L
<, WEBTRIIM, LFB IO i
T HRRESE R L0, g ¥ HER v
adapter 2ME R TE R WHRE W2ITwLE
RN EOBE) CRZRER L ET
T W, TORB PR ES A2 /AT 5
BB 5. F.B. Scott et al (1964)29 pIF
FHHEFcow<omsE i PFR © AFR 127
fPEAIIC L C TR BE Y iR 2 T
5. BErooMBeowTHERF Lire
e, Pl L —-BARATRBELRETR
WAL, HTREBM T b 200884 LE 2
3.

i) DEMSE

O XD mBEREMEA LE X 3 5 T H R RS
RERAECEB L RS RMETE2. 2l
BB O IR RIS ERT 3 120 ORI HE
RE#EZ S TBE0 5 5., BEIRECYS
T, ROBRCEEL TS,

1) B0 LDBERBCHREORNELZ L >
SACHEB LGS, BEORLBE RN
ZTE BT TRL .

w) BERIC I 5 B R R L R
Rk, BEFREELOME»—7 v i)
- TWih,

~) #H1EH ORI, & cinOEY
MH BB DND T 2035w, Thd 2 RES
L BB AR5, coBe, BEOFEN
5@ AFR (average flow rate) &l Tk
¥, BERO AFR X HET % 2 2 X DRRE

BIEL L filsbileh&hibhrd. 51T
HLERA RIS R WA 2Pk
L2l d v,

(2 BEER

BEDEI U RBEHRO KRN FNERS X
CEEE, BB BERCoWTR, TR
kLB TH B,

REE I B4 5 %R, - T 19224
Schwartz and Brenner?® 1 X » Tf5/nbiT
Wa., bR REBEO friction resistance %5}
WL 28, REER HEE LTwiw, 0%
Bryndorf and Sande (1960)*% 7z & o#itkd b
B0, EERE L ORI bREEHKEZFHEL,
TOFEVEKR EERAN b0 A ENDE X
3t » 7od vk Gleason and Lattimer(1962)
O LU®BTHB. PNLIEREEBEREIKEL, .
B P/F%3b- CTEBMER LA Lk, Pier-
ce et al(1963)7, Arbuckle and Paquin(1963)
3 33 1 o7 Levers and Metcalfe (1964)%% 5k

WERbREBEOELFCH B, %7 Kleeman
(1966)% o REEILO FHEUTE: b B UERE
PHOHERELZEDTHS.

Claridge and Shuttleworth(1964)? % Smith
19608 RFEIRBR A SERTH O, R
BEMRAFTEOHFR T 2E0H (P/FD)
TEbITREC &% TR, Hitw T Plerce
et al (1965)'9 % z OBICHEE U A R AL
THDENS COUBRLORAEETEL D
AKX ED TERH - TnD. kil Susset
et al (1966)19, Whitaker and Johnston (1966)
12 Catacutan-Labay ef al(1967)2) & @84t
WERBFE CVBIC T - il Th 5 & E2D
ha, BHOWATL L HETELROVEY & -
7T EOFER & —F T 52 exit pressure
% BW& L 7= & crx Claridge and Shuttelworth
(1964)? % X ¥ Susset et al (1966)1® &1L
LTWw3., %= 1L#EE 3 Gleason and associ-
ates (1967)'® DARNBHERD BHEL RT3
e adapter & FHV, O E@csro %
RARI2FEALCBEOBRELR U, ok
Susset HOFAEL A% &, EFBETO R &

0.17 H,0/(ml/sec)? F7cdb 0.13 mmHg/
(ml/sec)? PLTF &BRTWD, BED X ol
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0.05 mmHg/(ml/sec)?L)F ¢ Susset HOH L
FefEL DI/,

Smith (1964)% % Rankin (1967)%" 1 Morr-
les and Romans (1952)® o wr@ix 3L, R
oD Reynold’s number (Re) & BFRET
2,000 LT HDEnd, EELTRETD
Ritter et al (1964)3” % Smith (1964)% Sk
ZhFEh Re FiaitliL, ©ofET3,000% %
iz B LT %, Holm (1964)201%
REEF e EDb I, ERcw PY/F R
e VP/F &L, Zatz (1965)*" &1z o fRiE
BHMEC T2 RAL T 5.

T OfCHHREEOBE L KV 57
BeLT, REEHRELTCEDLI TR,
Calibrated urethral diameter (& %Wk eff-
ective urethral diameter) & L THEb+HE
2% 5. Ritter, Zinner and Paquin (1964)3%
F12Bo EELTE 8% ELRED %
b, EELTREERES 4om, #0.7cm 0
CHYT% 30 & L, effective urethral diam-
eter NI EBZRDOERLY T Tk,

Backman (1966)**’ (% “‘younger women’’
o effective urethral diameter #3°¢35 0.4 cm,
“older women” ik 0.3cm TH2 tHBEL
TWb, PRI IBIIEF 5T O effective
urethral diameter 23 0.34cm ¢h 5 & BT
5. Rankin (1967)*" 11 FRED effective
urethral cross-sectional area (A) # &0 &
F, A=114 F/P 235 B % KL, ©
O bskd bips calibrated effective ure-
thral diameter }IEH & FRE T 0.38~0.57
(5044 cm) Tholedk RT3, fli
Smith (1968)'® XA BTRET, ToEX
2% 19 cm, friction factor 23 0.005 Th 5 & D
RED S e effective urethral diameter &
XX exit diameter LT3,
WRAET o effective urethral diameter (D=
0.209 (F2/4P)°2 for urine) rrIEH © 0.33cm
(B#) exit diameter (Dp=0.169 (F?/Pg)*%
for urine) »: 0.31cm (E#8) TH 5 Lik<T
w5, B s, e bEHAL L RER 12/4P
AL, BBl T 20 TH %,

@) BB % RO KIENPFFEES

sk

TEIWMER ER DL, REHIE 52wk
effective urethral diameter B4 2 ALY 7
MR ELR W, BEREABE L owWTiRE
Q940w R HifRic ovWTaBx, D
A MR ER 70 % BOERIEL T
5. BBRE (1962)%), Kk (1968)*0 1z Kaufm-
ann Mo FIEBERIEIE % B b THERIE T H
EEfTin- CTnd, el EXBERAE DO BE
RE; O JEEFFT (1944)%% HFEHEE X L Bipt
AREZRERSL, R X UIBRRTET O
BEICEEY B LFEI RV ARFIETH 5 Ll
TWw3a, Ak Q968)* i Kaufmann B o
TEBRER IR T3 33 X UWFRB?‘:H%%WEE@U%?&? =y
ERefiles T 505, REBHRTCONWT
BT,
i ®

1) #H L < electro-magnetic uroflowmeter
HERIERL, B RRE L E#EC T &
Lz,

2) [FEFwc direct cystometry (suprapubic)
WfF U, HEREfo intravesical pressure %
24 L peak flow pressure/(peak flow rate)?
RHEEL SR REEH E L.

3 REEH PFP/(PTR)? oK NIF¥HNESE
i L, TOWER AT 4O MELZ
LYz, exit pressure ZRRME&AHLLTHE
W L7z23, §#E (Vena contracta) o@)fa i
T Bk, BRIRFFHO 7 vV AY 2 —4
i adapter EEH L k.

4 EFEHTI36, BWBMAEE & 5 PERE
EHEFEG (N TNEBET) KowT FEE R
Erlsk U, AT OfEREY X k.

a) E#H BT T average flow rate(AFR)
rr 6.1~20.6 mi/sec T¥¥ 9.4 ml/sec, peak
flow rate (PFR) 1% 21~49ml/sec T i
32.7ml/sec, peak flow pressure (PFP) i
5~62 mmHg ¢ ¥ 30.7 mmHg, urethral
resistance (R) & 0.0028 ~ 0.0639 Ty
0.0313 mmHg/(ml/sec)? T&H - 7=.

b) BEREERZIC DOV CREHEREN DG
KRR EERE® 4 B 7 %8 L, average
flow rate (AFR), peak flow rate (PFR),
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peak flow pressure (PFP), urethral resista- .

nce (R) OHERWTFhE, =0 stage i
BIoscaz@dr. LL{CBERERZIADL
stage & X DEWEEMEEZRL, REECR
EARcE M 2EEREELE2 5.

WEochic, TRE, TERERND - 1R
EHERBERCREL, RROKDFENFRCT LT
THEOR Wi e WEEIRASE B R E e KGR
L, FLCABSRIL B EE - RBEROEIE
CRLBELHTET.

R OB B FISEFIRE SR 35 X O AE56[E
AABRENFESBERT BN THRRE L.
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