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Non-Invasive Urodynamic Analysis Using
the Computational Fluid Dynamics

Method Based on MR Images

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: The pressure-flow rate test is invasive. In addition, several nomograms are
used and an exact standardization cannot be provided. For this reason, the search for new methods that
are called non-invasive by several authorities, and that will provide clinical data similar to urody-
namics, is ongoing. The aim of this study is to report a non-invasive, newly developed technique for
the assessment of bladder pressure and flow rate using Computational Fluid Dynamics (CFD). MMaattee--
rriiaall  aanndd  MMeetthhooddss:: Participants consisted of 10 voluntary males. All data referring to volunteer demo-
graphics were recorded. Magnetic resonance imaging (MRI) was performed for the reconstruction of
the bladder. After the MRI process, the peak flow-rates were measured with a uroflowmeter. Using
CFD, first, by applying a pressure of 20 cm H2O to the bladder wall the geometry of the bladder was
obtained from processing of MR images and flow rates were determined. Secondly, the wall pressures
needed to provide flow rates obtained from uroflowmetry were calculated. RReessuullttss:: The average val-
ues of the measured flow rate and the computed flow rate were calculated as 21.9 ± 7.8 ml/s and 24.6
± 2.4 ml/s, respectively. It was found that the flow rates obtained from the uroflowmetry and the flow
rates calculated by CFD were consistent with each other (p< 0.05). The average value of the computed
bladder pressure was found to be 16.8 ± 9.6 cm H2O. CCoonncclluussiioonn:: CFD, which is widely used in bio-
mechanical applications as well as engineering problems, was used to simulate the flow inside three
dimensional bladder models obtained from MR images. By comparing the results achieved by this
method and the results obtained by uroflowmetry, a significant correlation was found. A novel non-
invasive alternative method was developed to investigate the pressure-flow rate relationship in the
bladder which may also provide a basis for theoretical analysis.

KKeeyy  WWoorrddss::  Urodynamics; numerical analysis, computer-assisted; magnetic resonance imaging

ÖÖZZEETT  AAmmaaçç:: Ba sınç-akım hı zı tes ti in va zif tir. Bu na ek ola rak ba zı no mog ram lar kul la nıl mak ta ve tam
bir stan dar di zas yon sağ la na ma mak ta dır. Bu se bep le, ba zı oto ri te ler ta ra fın dan non-in va zif ola rak ad-
lan dı rı lan ve üro di na mi ye ben zer so nuç lar ve re cek ara yış lar sür mek te dir. Bu ça lış ma nın he de fi, me-
sa ne akım hı zı ve ba sın cı nın be lir len me si için He sap la ma lı Akış kan lar Di na mi ği (HAD) kul la na rak
ge liş ti ri len ye ni bir tek ni ği sun mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Ka tı lım cı lar, 10 er kek gö nül lü den oluş -
muş tur. Tüm ka tı lım cı de mog ra fi ve ri le ri kay de dil miş tir. Me sa ne nin re kons trük si yo nu için manye-
tik rezonans görüntüleme (MRG) uy gu lan mış tır. MRG iş le mi ar dın dan, ürof low met ri ile mak si mum
akım hız la rı öl çül müş tür. HAD kul la nı la rak, ön ce lik le, ge o met ri si MR gö rün tü le ri nin iş len me si ile
el de edi len me sa ne nin çe pe ri ne 20 cm H2O uy gu la na rak akım hız la rı be lir len miş tir. İkin ci ola rak ise,
ürof low met ri den el de edi len akım hız la rı nı sağ la ya cak çe per ba sınç la rı he sap lan mış tır. BBuull  gguu  llaarr:: Öl-
çü len akım hı zı ve he sap la nan akım hı zı nın or ta la ma de ğer le ri, sı ra sıy la, 21.9 ± 7.8 ml/s and 24.6 ± 2.4
ml/s’dir. Ürof low met ri den el de edi len ve HAD’ dan he sap la nan akım hız la rı uyum lu ol du ğu gö rül -
müş tür (p< 0.05). He sap la nan me sa ne ba sın cı nın or ta la ma de ğe ri, 16.8 ± 9.6 cm H2O bu lun muş tur. SSoo  --
nnuuçç:: Ge rek mü hen dis lik prob lem le rin de, ge rek se bi yo me ka nik uy gu la ma la rın da sık lık la kul la nı lan
HAD ile, MR gö rün tü le rin den el de edi len üç bo yut lu me sa ne mo del le ri içe ri sin de ki akış si mü le edil-
miş tir. El de edi len so nuç lar, üro di na mi so nuç la rı ile uyum lu dur. Me sa ne içe ri sin de ki ba sınç-akım hı -
zı iliş ki si nin in ce len me sin de, ye ni, non-in va zif ve al ter na tif bir yön tem ge liş ti ril miş olup, bu yön tem
te o rik ana liz ler de de bir te mel oluş tu ra bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ürodinamikler; sayısal analiz, bilgisayar-yardımlı; 
manyetik rezonans görüntüleme
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e ca u se urody na mic tes ting is dif fi cult to im-
p le ment and mostly in va si ve (ne eds cat he -
te ri za ti on, re sults are comp li ca ted and can

be af fec ted by ar ti facts), it is per for med only for vi -
tal con di ti ons in ro u ti ne cli ni cal app li ca ti ons. For
ins tan ce, altho ugh the pres su re-flow ra te study is
ac cep ted as the gold stan dard exa mi na ti on for de-
ter mi na ti on of the obs truc ti on in lo wer uri nary
system, imp le men ting this met hod on a pa ti ent for
the de ci si on of obs truc ti ve pros ta te sur gery is not
sug ges ted in da ily cli ni cal app li ca ti on. This sug ges -
ti on is not only be ca u se the pres su re-flow ra te test
is in va si ve but al so se ve ral no mog rams are used and
an exact stan dar di za ti on can not be pro vi ded. For
this re a son, the se arch for new met hods that are
cal led non in va si ve by se ve ral aut ho ri ti es, and that
will pro vi de cli ni cal da ta si mi lar to urody na mics,
is on go ing.1-3

Blad der out let obs truc ti on (BO O) is com monly
as so ci a ted with lo wer uri nary tract symptoms
(LUTS) in men.4 BO O is a mec ha ni cal phe no me -
non; the re fo re, it is nor mally stu di ed using mec ha -
ni cal pa ra me ters, such as pres su re and flow.
Urody na mic tests are the cur rent stan dard for the
clas si fi ca ti on of the deg re e of obs truc ti on.4 Pres su -
re-flow stu di es cons ti tu te the gold stan dard for di-
ag no sing BO O, thro ugh the use of the Ab rams-
Grif fiths and Schäfer no mog rams.5,6

This study aims to si mu la te the flow dyna mics
in si de the blad der using Com pu ta ti o nal Flu id Dy-
na mics (CFD) in or der to de ve lop an al ter na ti ve
non-in va si ve met hod to es ti ma te the blad der pres-
su re-uri ne flow ra te re la ti on. He re, only the pe ak
va lu e of the ti me de pen dent flow-ra te cur ve is con-
si de red whe re the CFD pro ce du re is com bi ned with
the re cons truc ti on of thre e-di men si o nal blad der ge -
o metry using magnetic resonance (MR) ima ges.

MA TE RI AL AND MET HODS
In this study, a tech ni qu e for the as sess ment of
blad der pres su re and uri ne flow ra te using Com pu -
ta ti o nal Flu id Dyna mics is in ves ti ga ted. This in ves-
ti ga ti on has fo ur sta ges. In the first sta ge, blad der
ima ges of sub jects we re scan ned using magnetic
resonance imaging (MRI). Thre e di men si o nal blad-
der mo dels we re cons truc ted using the se MR ima -

ges in the se cond sta ge. In the third sta ge, the uri -
ne flow in si de the blad der was si mu la ted using
CFD. This sta ge had two steps: first, 20 cmH2O
pres su re was imp le men ted on the blad der walls and
the ave ra ge flow ve lo city at the pro xi mal uret hra
was cal cu la ted. The se cond gro up of analy ses inc -
lu ded the in ves ti ga ti on of the blad der wall pres su -
re that will supply the cli ni cally me a su red flow
ra te. In the fo urth part, a sta tis ti cal cor re la ti on be-
t we en nu me ri cal and ex pe ri men tal da ta was de ter -
mi ned.

PAR TI CI PANTS

The par ti ci pants we re 10 he althy, vo lun tary ma les.
The par ti ci pants had not un der go ne sur gi cal tre at -
ment of the lo wer uri nary tract and we re not on me -
di cal tre at ment for the ir symptoms. This study
fol lows the prin cip les of the Hel sin ki Dec la ra ti on.

PRO CE DU RE

MR ima ging was car ri ed out whi le the sub jects we -
re in the su pi ne po si ti on with a full blad der. Si e -
mens 1.5 Tes la clo sed MRI equ ip ment was used.
The sub jects’ ima ges we re exa mi ned on the blad-
ders’ sa git tal and co ro nal pla ne with 1.5 mm cross-
sec ti ons. Af ter the MRI pro cess, the uri nary flow
was me a su red with a Li fe tech urof low me ter. The
cli ni cal da ta can be se en in Tab le 1.

DA TA ANALY SIS

To se arch for a cor re la ti on bet we en the uri nary
flow and blad der pres su re, 3D mo de ling of MR im-
a ges of sub jects’ blad ders and uri nary system ima -
ges we re pro ces sed in thre e steps. A flowc hart of
the steps is gi ven in Fi gu re 1. The se pro ce du res are
des cri bed step wi se in the fol lo wing subc hap ters.
The des cri bed soft wa re mo du les are not man da -
tory; ho we ver, du ring the de ve lop ment of this
algo rithm, we fo und no re le vant is su es in da ta
trans fer using the se pac ka ges. The de ve lo ped al go -
rithm to ge ne ra te an ap prop ri a te thre e di men si o -
nal mo del of the blad der (Fi gu re 1) was ba sed on a
num ber of soft wa re pac ka ges used.

Ima ge Pro ces sing

The MR ima ges of the hu man blad der we re ob ta -
i ned from dif fe rent age and we ight gro ups. Mul ti-
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p le cross sec ti o nal ima ges of the blad der we re
scan ned with an in ter val si ze of 1.5 mm using a Si -
e mens MR de vi ce which is lo ca ted at the Şifa Hos-
pi tal, Iz mir. Hos pi tal, Therefore, the re cons truc ti on
of blad der morp ho logy is ba sed on a stack of MR-
sli ces. The qu a lity of the re cons truc ted blad der
struc tu res de pends on the re so lu ti on and the vo -
xel si ze of the MR-scan. Du ring the ima ging pro -
cess, the par ti ci pants we re in the su pi ne po si ti on.
A to tal of 65 ± 4 ima ges we re ta ken. The fi les,
which inc lu ded all of the sec ti o nal sli ces cal cu la ted
by the MRI scan ner, we re im por ted in to the soft-
wa re MI MICS.

Thre e Di men si o nal Re cons truc ti on of Blad der Morp ho logy

First, the blad der re gi on was iden ti fi ed, and then
trans fer red to the re cons truc ti on soft wa re. The
sur fa ces of the mo del we re cons truc ted by iden tif -
ying blad der and uret hra re gi ons. Af ter the blad-
der con fi gu ra ti on was la be led in all sli ces of the

MRI scans, an au to ma tic thre e di men si o nal re con-
s truc ti on of the soft tis su e was per for med, cre a ting
tri an gu la ted sur fa ces. MI MICS pro vi des to ols to
smo oth the sur fa ce and to en han ce its qu a lity, but
this can al so be do ne in ot her soft wa re at a la ter
sta ge. 

For a cle ar for ma ti on of a thre e di men si o nal
body out of the sli ces, it is im por tant to re mo ve ho -
les and small is lands in the la bels. Cor res pon ding
func ti ons for the re mo val of ho les and is lands are
imp le men ted in MI MICS. It might be ne ces sary to
ad just the po si ti on of the blad der in or der to ac hi -
e ve a de fi ni te po si ti on. Fi nally, a smo ot her sur fa ce
was ac hi e ved using Au to CAD soft wa re.

Com pu ta ti o nal Flu id Dyna mics (CFD) Si mu la ti ons of the Blad der

CFD is the pro cess of ob ta i ning ap pro xi ma te so lu -
ti ons to the Na vi er-Sto kes equ a ti ons which can be
ba si cally de fi ned as the go ver ning equ a ti ons of

No Age Weight (kg) Height (cm) Body mass index Waist circumference (cm)

1 33 72 178 22.72 92

2 30 78 174 25.76 102

3 25 71 162 27.05 96

4 48 82 168 29.06 128

5 55 92 180 28.39 106

6 29 90 175 29.38 105

7 46 80 174 26.42 121

8 22 70 160 27.34 90

9 31 75 172 25.35 104

10 28 84 173 28.06 95

34.7±10.9 79.4±7.7 171.6±6.4 26.95±1.9 103.9±12.3

TABLE 1: Demographic data of volunteers.

FIGURE 1: Basic steps of the implemented methodology: a) Obtaining the MR images of the human bladder, b) Implementation of three dimensional recon-
struction and smoothing, c) CFD simulations.
MR: Magnetic resonance, CFD: Computational fluid dynamics.

a) MR Scanning b) MR surface construction c) CFD
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flu id mo ti on, using nu me ri cal met hods. Amongst
se ve ral ap pro ac hes, Fi ni te Vo lu me Met hod ba sed
on com mer ci al co de Flu ent was used to dis cre ti se
and sol ve the se equ a ti ons; as a re sult, the ve lo city
and pres su re fi elds in si de the blad der we re ob ta i -
ned. 

In the prep ro ces sing sta ge, the flu id do ma in
was de com po sed in to a fi ni te num ber of vo lu mes
by mes hing the blad der ge o met ri es which we re
cre a ted from MR ima ges. To in ves ti ga te grid in de -
pen dency, each blad der mo del was mes hed with
thre e dif fe rent re so lu ti ons (co ar se, fi ne, very fi ne)
and si mu la ted. The mesh si zes for the hig hest mesh
re so lu ti on are pre sen ted in Tab le 2.

In the analy sis sta ge, the thre e di men si o nal
flow in si de the blad der was as su med to be in com -
pres sib le, ste ady, tur bu lent. The bo un dary con di -
ti ons are gi ven in Fi gu re 2. Tri gon, which is the
por ti on of the blad der that do es not con tri bu te to
pres su re, is al so shown in Fi gu re 2 as a wall type
bo un dary. 

The ma te ri al pro per ti es are de fi ned as the pro -
per ti es of wa ter at 40oC ha ving a den sity ρ=992
kg/m3 and dyna mic vis co sity µ=0.657 × 10-3 kg/(ms).
In the first gro up of analy ses, 20 cm H2O pres su re
was imp le men ted on the blad der walls and the av-
e ra ge of the flow ve lo city at the blad der out let was
cal cu la ted. The se cond gro up of analy ses inc lu ded
the in ves ti ga ti on of the blad der wall pres su re that

will supply the cli ni cally me a su red flow ra te of
each ca se using the Tar get Mass Flow Ra te fe a tu re
of the soft wa re.

In the post pro ces sing sta ge, the pres su re and
the ve lo city fi elds we re ob ta i ned. The are a we igh -
ted ave ra ge of the flow ve lo city and the vo lu met -
ric flow ra te of uri ne at the blad der out let we re
cal cu la ted using Flu ent. 

Sta tis ti cal Analy sis

A non-pa ra met ric cor re la ti on test, the Spe ar man
cor re la ti on, was used for the pa ra me ter se lec ti on.

Flow Rate (ml/s)

No Mesh Size Measured Computed

1 1 121 131 41.1 25.9

2 634 376 21.2 25.7

3 489 637 18.0 27.2

4 1 015 206 17.7 23.6

5 1 131 954 15.9 21.6

6 470 952 28.7 25.8

7 1 155 723 23.3 25.8

8 460 226 18.9 27.8

9 471 325 19.4 21.5

10 356 420 15.1 21.6

730695 ± 331730 21.9 ± 7.8 24.6 ± 2.4

p= 0.028

TABLE 2: Computed flow rates at the proximal urethra
at 20 cm H2O bladder pressure.

FIGURE 2: Three dimensivonal views and assigned boundary conditions for bladder no 1.

Pressure Inlet

Wall

PressureOutlet
Trigon
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Sta tis ti cal analy ses we re per for med using the Sta tis-
ti cal Pac ka ge for So ci al Sci en ces (SPSS). A sta tis ti -
cally sig ni fi cant le vel of p= 0.05 was used. 

RE SULTS
The ve lo city and pres su re dis tri bu ti ons that are ob-
ta i ned from CFD si mu la ti on of blad der no 1 are
pre sen ted in Fi gu re 3. He re, it is ob ser ved that 
uri ne ma xi mum ve lo city oc curs at the uret hra-
pro xi mal uret hra sec ti on. Ad di ti o nally, the pres-
su re dis tri bu ti on shown in Fi gu re 3d sta tes that
the pres su re dec re a ses to mi ni mum at the pro xi -
mal uret hra sec ti on as ex pec ted from Ber no ul li’s
The o ry.

In the first gro up of analy ses, the flow ra tes at
the pro xi mal uret hra we re cal cu la ted from CFD si -
mu la ti ons of 10 vo lun te ers’ blad ders at 20 cm H2O
pres su re sin ce it is known that mic tu ri ti on pres su -
re is ap pro xi ma tely 20 cm H2O cli ni cally.7 The se
va lu es are pre sen ted in Tab le 2. In ad di ti on, pe ak

va lu es of me a su red flow ra tes are al so gi ven in Tab -
le 2 whe re the ac tu al pres su re in si de the blad der
may not ne ces sa rily be 20 cm H2O. Thus, the se
flow ra tes are shown in or der to in ves ti ga te a pos-
sib le cor re la ti on, rat her than a di rect com pa ri son
with each ot her. The p va lu e in Tab le 2 be longs to
the non-pa ra met ric Spe ar man cor re la ti on test. As a
re sult, a po si ti ve cor re la ti on was fo und bet we en the
me a su red flow ra te and com pu ted flow ra te, and
this cor re la ti on was sta tis ti cally sig ni fi cant (cor re -
la ti on co ef fi ci ent= 0.689, p= 0.028< 0.05). 

In the se cond gro up of analy ses, the blad der
pres su re that will supply the pe ak flow ra te from
urof low metry is se arc hed for each blad der mo del.
For ins tan ce, the pres su re wit hin the blad der no 6
to pro vi de the pe ak flow ra te of 28.7 ml/s was fo -
und as 26.5 cm H2O. 

The re sults pre sen ted in Tab le 2 and 3 be long
to the si mu la ti ons of the hig hest mesh re so lu ti on.
The ef fect of mesh re so lu ti on on the com pu ted

FIGURE 3: Numerical results obtained from CFD for bladder no 1: a,b and c) Several views of the velocity field d) pressure field.
CFD: Computational fluid dynamics.

a b

c d
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flow ra te is gi ven in Tab le 4 as an examp le. He re,
we conc lu ded that by in cre a sing mesh si ze, com-
pu ted flow ra te con ver ges. 

DIS CUS SI ON
In re cent ye ars, the re has be en an in cre a se of in te -
rest in non-in va si ve urody na mic tech ni qu es in an
at tempt to ma xi mi ze di ag nos tic in for ma ti on be fo -
re re sor ting to the in va si ve test with its costs and
risks. For this re a son, the se arch for new met hods
that are non-in va si ve is on go ing. So me of non-in -
va si ve urody na mics tech ni qu es de vo lo ped in re cent
ye ars are; the drop spec tro me ter,8 Con dom cat he -
ter,9 Pe ni le cuff def la ti on,10 Pe ni le cuff inf la ti on,11

Dopp ler ul tra so und.12

Re is et al. me a su red the in tra ve si cal prot ru si -
on of the pros ta te (IPP) and pros ta tic vo lu me thro -
ugh an ab do mi nal ul tra so und which is non in va si ve
and ac ces sib le met hod that sig ni fi cantly cor re la ted
to uri nary BO O, and they fo und it use ful in the di-
ag no sis of ma le uri nary obs truc ti ve prob lems.13

Grif fiths et al.14 de ve lo ped a new no nin va si ve
test to me a su re blad der pres su re in ma les ba sed on
con trol led inf la ti on of a pe ni le cuff du ring vo i ding.
They com pa red the new tech ni qu e with si mul ta -
ne o us in va si ve blad der pres su re me a su re ment.
They fo und that in va si ve and non-in va si ve pres-
su re me a su re ments ag re ed well. Ave ra ge cuff
pres su re at in ter rup ti on of flow ex ce e ded me an si-
mul ta ne o us iso vo lu met ric blad der pres su re plus or
mi nus stan dard de vi a ti on by 14.5 ± 14.0 cmH2O.
The ave ra ge blad der pres su re in our study was fo -
und to be 16.8 ± 9.6 cmH2O which is in ag re e ment
with the re sults of Grif fiths et al.

McArd le et al. as ses sed the va ri a bi lity in in ter-
pre ting non in va si ve me a su re ments of blad der
pres su re and uri ne flow bet we en ex pe ri en ced and
no vi ce users of the blad der. They ob ser ved that ex-
cel lent le vels of ag re e ment in me a su re ment and ca -
te go ri za ti on af ter a short tra i ning pe ri od sug ges ted
that in tro du cing the pe ni le cuff test as part of the
as sess ment in men with lo wer uri nary tract symp-
toms wo uld be stra igh tfor ward.1 Clark son et al.
per for med a prag ma tic study of the pe ni le cuff
test; a no nin va si ve met hod of ca te go ri zing blad-
der out let obs truc ti on. They fo und that di ag nos tic
ca te gory re pe a ta bi lity was si mi lar to that of con-
ven ti o nal urody na mics, alt ho ugh the re was gre a -
ter va ri a bi lity in pres su re me a su re ments.2

Stot hers et al. re por ted a non in va si ve tech ni -
qu e and nu me ri cal met hod of analy sis for the 
as sess ment of BO O in ma le sub jects using ne ar-
in fra red spec tros copy (NIRS) and to test the in-
de pen dent abi lity of NIRS da ta to dis tin gu ish
bet we en pa ti ents with and wit ho ut obs truc ti on
using a clas si fi ca ti on and reg res si on tre e al go -
rithm. They fo und that using the clas si fi ca ti on
and reg res si on tre e al go rithm (CART) and non 
in va si ve NIRS da ta du ring vo i ding had an in de -
pen dent dis cri mi na tory abi lity re la ted to the clas-
si fi ca ti on of BO O.3

Oel ke et al. com pa red the di ag nos tic ac cu racy
of det ru sor wall thick ness (DWT), fre e urof low -
metry, post vo i ding re si du al uri nary vo lu me and
pros ta te vo lu me with pres su re-flow stu di es to de-
tect BO O in men. They reported that me a su re -

Measured peak Computed bladder 

No flow rate (ml/s) pressure (cm H2O)

1 41.1 40.6

2 21.2 13.5

3 18.0 10.8

4 17.7 13.2

5 15.9 10.6

6 28.7 26.5

7 23.3 16.6

8 18.9 11.1

9 19.4 14.9

10 15.1 10.4

21.9 ± 7.8 16.8 ± 9.6

TABLE 3: Computed bladder wall pressure that will
supply clinically measured flow rate.

Mesh size Computed flow rate (ml/s)

149 507 27.3

527 696 26.05

1 121 131 25.9

TABLE 4: Computed flow rates at 20 cm-H2O bladder
pressure for different mesh sizes (Bladder no 1).
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ments of DWT co uld de tect BO O bet ter than fre e
urof low metry, post vo i ding re si du al uri nary vo lu -
me or pros ta te vo lu me.15

McRa e et al.16 in tro du ced the in te res ting ide a
of app lying the prin cip le of non-in va si ve blo od
pres su re me a su re ment to as sess vo i ding pres su re.
They fit ted a pe di at ric blo od pres su re cuff to the
pe nis, inf la ted it and then, whi le the pa ti ent was
trying to vo id, slowly def la ted the cuff un til flow
be gan. 

In a re vi ew by Grif fiths and Pic kard,17 it has
been stres sed that Qmax> 15 ml/s is con si de red nor-
mal, Qmax< 10 ml/s is con si de red re du ced for re a -
sons of out let obs truc ti on or a we ak blad der in
men. Ba sed on this cri te ri a, we conc lu de that par-
ti ci pants are con si de red nor mal (Tab le 2).

Jin et al.18 de ve lo ped a thre e-di men si o nal  uro-
dy na mic blad der-uret hra system, which inc lu des
blad der, blad der neck, pros ta te, and uret hra; the re-
a lis tic re cir cu la ti on pro cess of the uri nary blad der
du ring the physi o lo gic vo i ding pro cess in con junc -
ti on with a flow si mu la ti on thro ugh the fe ma le uri-
nary blad der and uret hra. They fo und that the
com pu ta ti o nal re sults show that a de ad-wa ter zo ne
and the zo ne of se con dary flow oc cur, in de pen dent
of the sha pe of the pros ta tic uret hra. Pel and Mas-
trigt19 de ve lo ped a CFD uret hral mo del inc lu ding
uret hral ge o metry to study the re la ti on bet we en
ge ne ra ted no i se and the deg re e of obs truc ti on. That
mo del com pri sed a blad der, blad der neck, pros ta te
and uret hra. They fo und that the lo ca ti on of the
ma xi mum amp li tu de of pe ri ne al no i se ma inly de-
pends on the deg re e and sha pe of the pros ta tic ob-
s truc ti on.

This study pre sents the imp le men ta ti on of
CFD soft wa re wi dely used in en gi ne e ring prob-
lems to blad der mo dels ob ta i ned from MR ima ges.
In ad di ti on to the stu di es men ti o ned abo ve,18,19

the flow ra te ob ta i ned from urof low metry was
used as an in put for CFD si mu la ti ons. The re sults
we re then com pa red with the re sults of urof low -
metry.

In si mu la ti ons, pro xi mal uret hral flow-ra te
was cal cu la ted as su ming that the det ru sor 

in the blad der con trac ted with a pres su re of 
20 cm H2O. Vi a using this soft wa re on blad der 
si mu la ti ons ob ta i ned from MR ima ges, cor re la ted
re sults we re fo und in terms of flow ra tes (Tab-
le 2). 

Se condly, the blad der pres su re to supply the
pe ak flow ra te which was ac qu i red from urof low -
metry was cal cu la ted. It is known that mic tu ri ti on
pres su re is ap pro xi ma tely 20 cm H2O cli ni cally.8

The blad der pres su re that will supply the cli ni cally
me a su red flow ra te was fo und to be 16.8 ± 9.6 cm
H2O from CFD si mu la ti ons (Tab le 3). When com-
pa red to the mic tu ri ti on pres su re, this va lu e in di -
ca tes that pre sent met hod yi elds va lid re sults. It
sho uld be no ted that lo wer pres su re va lu es are re-
la ted to the neg lec ted uret hral and prost ha tic re sis -
tan ces. When the se pa ra me ters are ta ken in to
con si de ra ti on by inc lu ding uret hra and pros ta te in
the re cons truc ti on pro cess, an in cre a sed ac cu racy
is ex pec ted. Ad di ti o nally, in suf fi ci ent con trac ti on
of pa ti ent det ru sor is al so anot her re a son for low
blad der pres su re. 

Urody na mics de vi ces plot the pa ti ent’s pres su -
re-flow ra te re sults on no mog rams. The con di ti on
of the pa ti ent is then de ter mi ned ac cor ding to the -
se no mog rams. Most com monly re fer red no mog -
rams are, Ab rams-Grif fiths No mog ram, Scha fer
Met hod, Gro up-Spe ci fic Uret hral Re sis tan ce Fac-
tor No mog ram and the ICS Pro vi si o nal No mog -
ram.20 In prac ti ce, the com pa ri son of the re sults of
cur rent study with the se no mog rams le ad to con fu-
si on. For this re a son, the si mu la ti ons are ba sed on
the det ru sor pres su re at the ma xi mum flow ra te
con di ti on which even tu ally simp li fi es the eva lu a -
ti on of pre sent met hod. 

CONC LU SI ON
Con duc ted re se arch that is pre sen ted in this pa per
is a pre li mi nary study on urody na mics. It is fo re se -
en that the use of the fi ni te vo lu me met hod with
the Flu ent soft wa re, to get her with sop his ti ca ted
de vi ces pro vi ding 3D ima ges such as MR and ul tra-
so und (no io ni zing ra di a ti on), al lows to obtain de-
ta i led in for ma ti on abo ut the blad der wit ho ut the
ne ed for in va si ve urody na mic tech ni qu es. The sig-
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ni fi cant cor re la ti on bet we en si mu la ti on re sults and
me a su red re sults show that the pro po sed mo del co -
uld be ap prop ri a te for blad der dyna mics. 

A com pa ra ti ve study of the cur rent met hod
with cli ni cally me a su red pres su re and flow ra te da -

ta inc lu ding the uret hra and pros ta te ana tomy will
le ad to stan dar di za ti on. Then, we be li e ve that this
met hod will ser ve as an al ter na ti ve non-in va si ve
met hod that co uld be used on be half of urody na -
mics in the ne ar fu tu re.
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