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— Abstract

CHARACTERISTICS OF OROPHARYNGEAL AIR PRESSURE,
AIRFLOW IN CLEFT PALATE PATIENTS

Jin-A Baek
Department of Oral & Maxillofacial Surgery, School of Dentistry, Chonbuk National University

The articulation disorders associated with velopharyngeal insufficiency (VPI) in cleft palate patients are

interested to clinicians particularly.

The purpose of this study was to investigate mainly the oropharyngeal air pressure and overall air flow in
cleft palate patients. The pressure - measuring catheter was positioned at the midportion of the oropharyn-

geal cavity with a facial mask.

Test words were composed of 9 meaningless polysyllabic words and 17 meaningful words. Aerophone II

and Nasometer II were used to measure peak air pressure, mean air pressure, maximum flow rate, volume,

phonatory flow rate, nasalance.

The data shows that airflow of the cleft palate patient group were higher than those of the control group.
Intraoral air pressure of the cleft palate patient group was lower than those of the control group.
The first vowel formant and first Bandwidths of the cleft palate patient group were higher than those of

the control group.

Key words : Oropharyngeal air pressure, Airflow, Cleft palate patient
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Table 1. Subjects

ol 77t & 2 NG e Algusron Qo
A} 3] Shin' s criteriadl] 93 #H) L 25F] idst
Ao, FA EHE_E#§~ eru]go] YL T xR ol ¢

57198 Z4-2 Aerophone II (F-J Electronics,
% AHEste] A 57198 9 B RS 24
7] §Ee FARIFA WA 7l
%:‘ OLE-i‘a UH o] a7 HlsiA & 71AF 24 F
-7 OM] AA A FEE ARjlete]l S48
T 37182 facial maskE 2kl 33819t
- MFR (maximum flow rate, [ /sec) : Ht] 37]5%%
-V (volume, 1) : 3719 & 71%= AHATe=
3 oF Hy]

- PFR (Phonatory flow rate, [ /sec) : &

- PAP (peak air pressure, enH20) : | 371944

- MAP (mean air pressure, enH20) : 31 37149

Fig. 1= 772R1F 483 37 7%= 34 ste 2 =0

1 Fig. 2= A A|=}gt 71| Elo| T}

A5 B3l AT HAete HHEE A5 A4 1.6
mm, W3 27 1.1 mme Z]gl Ad=A HA 71
B Zole o 20 e, FHEIEE v oY 74, Q1T
npHglo] 25 Fal T el AFdsta FHEERe] 5
o] 8] 71AF ZA A= A A F facial
maskE FAste] T G4EI U HEE A S
ottt Nasometer 1T (Kay Electronics, USA)<
CSL 4300-B (Kay Electronics, USA)E ©]&sto] B]&
T 9 E 183 23 THES Bandwidths 5743t
At Fig. 32 Il T34 545 9% Block dia-
gram< UERA Aot}

37198 9 v e HrbE 93 54 AES Table 29
2ok 259 71241 H7ks AR /i/Atold| A e T
ofn] ¢ 2k, o, v 12]3 F(phrase) & ©]&

Subjects Mean age (yrs)
Male :6 Male :25.8
CON Female : 6 Female @ 24.7
Total @ 12 Mean @ 25.3
CP Male 3 Mean :25.3

CON : control group, CP : cleft palate patient group
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Fig. 1. Measurement of oropharyngeal air pressure
through nasopharyngeal airway using diameter
catheter.

Table 2. The Sample of Test Words and Phrase Samples
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Fig. 2. Catheter.

Meaningless polysyllabic words

Meaningful words

Pressure sounds

Velar sounds

o[H]H] /o] 1] 7] /o] wi w] Ael/327)8 /74
Affricated sounds Bilabial sounds
o] A|A] /o] 2| X /o] KA W 5/2e/8
Fricative sounds Alveolar sounds
O A A /o] A A A /et E7
Short pharase for VPI evaluation Affricated sounds
Bl B4 A /3 /Aol
Fricative sounds
AR/ A A S
Nasal sounds
o/ )
3131, Aol Hrke wold] A Ao BE A& 23
e Srele] Wl shirh FARLE RHY LI B 7}
1 4300-B Aol 2AHA] F& F 2 HolHES ¥ BeA A%

. »
nasalance|| « CULE | b

ch2

Fig. 3. Block diagram.

o o3&l t-testZ A4 F249< AA 3 p0.05 °lst=
Adatiet. B9} CSLe HlS A= 2 37198 gt
0 gl ot AABAE SPSSE EAA GoAS AR
ek,

II. oA=&t

Table 32 77| o] 5ol eizts, ohas 3
25T B4 03 A gz 2 e a3 ¥
Fatolth, AL TS MFRS 4 2 ghd-go)A
TR BT 2 ved o mbaE(/s/. /s )E ASlst

Le AL Fed2 sl

o
bt

= o

15



CHtetotoi &g azi el nfsts]x]: \Vol. 28, No. 1, 2006

H)\}\/\q

%711@‘?4 PFRE /p"/=(p€0.05)<& zﬂ%}
o 25 2 vgehgen /o /5 (p0.05)
T 5AA 19492 st

Table 4= ©@o] oA GEAs, d2s 2 v}
B A Al g2 2 e 37198 B4 Ao
o}, "o FFAE MFRI Volume®te] =3 =T},
MFRE /¢/, /k/, /s"/E Aetane 75l F71E o]
]:HZ‘—:ILLE-E]F %ﬂ] Q'E}]XAL—O—]% ay a1 to T:Tioﬂ/q’t‘ :IL7HOE:]:1LL
o] gix=TEY YA Yelg=d /¢ (p(0.05)E Al9lst

—

Table 3. MFR, PFR( 1 /s),

574] 0]

1__

T gt HETY FoE BE 34
AMEAA /p'/E A9stay BT dixaEit 57 Uebske
m upEE /8" (p0.05)E Alstan TAA ool
At

Table o] HojolA 4
2oz JE,LZ]— tﬂ—/ﬂ}\] ) & ;1 :[L7H ,] 37 E_:‘]
Tatolth. #HLE e PAPE € 37} S40A tz
o Gl vEhgen SA4 °«W° Siei=g :rL7H°ﬂ“—TL«]
MAPE & Aol tizaiet B vebtow /p/
(p€0.05), /p /(p€0.01), /c"/(p€0.01), /¢ /(p<0.02) &
/s/(p€0.05)= BAA ool Ut Table 6 Tl
FrolA gy, hEs 9 oepE T 2 2s A iz

O

20 |

= Fojn n

Ag, e

nu

L SE,
=)

0
o_u‘,

) during Speaking of Meaningless Polysyllabic Words and Short Phrases Sample

Control CR

MFR \4 PFR MFR \4 PFR
/v/ 1.084+0.58 0.16+0.05 0.20+0.07 1.41+0.57 0.25+014 0.23%+0.06
/p/ 1.12+1.60 0.39+0.22 0.25+0.25 1.61+0.35 0.274+0.10 0.2840.11
/p/ 0.60+0.18 0.084+0.03 0.194+0.04 0.51+0.08 0.11+0.03 0.22+0.05
/c/ 0.70+0.17 0.15+0.06 0.19£0.05 1.03+0.43 0.27+0.10 0.21£+0.05
/ct/ 1.07+0.61 0.14+0.06 0.21+0.06 1.63+0.22 0.29+0.10 0.20%+0.05
/c/ 0.72+0.49 0.09+0.05 0.21+0.05 0.27+0.12 0.13+0.00 0.19+0.00"**
/s/ 0.85+0.43 0.194+0.05 0.21£+0.05 1.00+0.03***  0.31+0.06 NM
/s / 0.59+0.25 0.17£+0.05 0.22+0.06 1.04+0.05** 0.30+0.03*** NM
/St/ 0.81+0.26 0.32+0.14 0.21+0.07 0.97+0.15 0.51+0.04 0.20%+0.10

Statistically significant, ** p<0.02, *** p<0.05
Table 4. MFR( [ /s), Volume( ! ) during Speaking of Meaningful Words
MFR Volume
Control CP Control CP

/k/ 1.00£0.43 1.16+0.31 0.06+0.03 0.10+0.07
/K"/ 0.74+0.24 0.77+0.39 0.04+0.03 0.06+0.05
/K / 0.47+0.57 0.45+0.15 0.02+0.03 0.04+0.04
/p/ 1.15+£0.53 1.02+0.43 0.06+0.03 0.08+0.07
/p'/ 0.95+0.37 0.80+0.31 0.07+0.04 0.10+0.07
v/ 0.47+0.21 0.62+0.19 0.02+0.01 0.10+0.13
/t/ 0.88+0.33 1.15+0.15 0.05+0.03 0.11+0.06
/8 1.15+£0.49 1.2540.01 0.07+0.04 0.12+0.05
it/ 0.67+0.24 0.36+0.08 0.03+0.03 0.03+0.03
/c/ 1.02+0.36 1.16+0.21 0.07+0.04 0.13+0.07
/c/ 0.72+0.24 0.4340.24*** 0.06+0.04 0.15+0.04
/c/ 0.45+0.18 0.48+0.10 0.02+0.02 0.03+0.02
/s/ 1.05+0.47 1.31+0.40 0.09+0.05 0.17+0.04
/s"/ 0.52+0.22 0.90+0.04 0.08+0.04 0.16%£0.03***
/s"/ 0.39+0.27 0.72+0.09 0.04+0.04 0.10+0.05
/h/ 0.57+0.24 0.57+0.19 0.06+0.03 0.08+0.06

Statistically significant, *** p<0.05
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Table 5. MAP, PAP(cmH20) during Speaking of Meaningless Polysyllabic Words and Short Phrase Sample

Control CP
PAP MAP PAP MAP
/v/ 6.88+1.77 1.07+0.54 5.04+1.81 0.54+0.45
/p'/ 7.73+1.78 2.14+1.00 4.80+0.00 0.73+0.42***
/p/ 7.20+1.08 2.31+0.79 NM 0.14+0.02*
/c/ 8.31+2.19 1.58+1.01 NM 0.91+0.32
/c"/ 9.23+2.01 2.87+1.20 6.88+1.25 0.93+0.22
/c/ 8.59+2.03 2.41+1.25 NM 0.314+0.30**
/s/ 7.25+2.05 1.51+0.68 NM 0.89+0.21%***
/s’ / 8.27+2.14 2.27+0.94 NM 1.24+0.38
/St/ 6.65+0.92 1.81+0.82 NM 1.38+0.56

Statistically significant, * p<0.01, ** p<0.02, *** p<0.05, NM: not measured

Table 6. MAP(cmH20) during Speaking of Meaningful Words

MAP
Control CP
/k/ 1.79+1.05 0.874+0.21%**
/K"/ 2.6+0.85 0.7940.01*
/K / 2.64+0.76 0.46+0.54***
/p/ 2.0+0.54 0.56+0.42*
/p"/ 2.63+0.75 1.11+£0.31%**
v/ 2.79+1.20 0.4440.42*
/t/ 2.07+0.54 0.79+0.44**
/t/ 2.194+0.92 0.91+0.05*
/t/ 2.5+1.05 0.80+0.25*
/c/ 2.74+0.63 1.334+0.35**
/c/ 3.83+0.66 2.64+0.77
/¢ / 2.814+0.62 1.13+0.95
/s/ 2.124+0.46 1.80+0.20*
/s"/ 3.70+0.70 1.78+1.36
/s’/ 3.01+0.99 1.67+1.61

Statistically significant, * p{0.01, ** p{0.02, *** p<0.05, NM: not measured

Table 7. Nasalance(%) during Speaking of Meaningless Syllabic Words and Phrase

o/ o'/ /p/ /c/ ¢/ /c/ /s/ /s/ /st/

Con 2861142 29.2+122 269+13.6 28.6+138  262+12.1 264£128 314£144 297132 42.7£10.8
Cp 65.0£14.9" 61.4+135" 624+16.1" 53.7£12.0 60.9+14.8" 59.8+244 60.1+179 61.1£182 52.0£64

Statistically significant, * p<0.05

T 3 T S48 e Hagholrh gl FEelA (p€0.05), /p / (p€0.01), /t/ (p€0.02), /t"/ (p<0.01),
MAPE AAH o2 TG E] 2R S ehso /£ /(p€0.01), /¢/ (p€0.02), /s/ (p(0.01) &2 25 57
o /k/ (p€0.05), /K"/ (p€0.05), /K / (p€0.05), /p/ A2l FelAdol gtk
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Table 8. Sound Parameter in CSL
A) Pressure Sounds

F1 BW1
CON CON CP
/P/ 313.4+43.2 297.3+50.3 75.1+26.3 88.0+24.3
/Ph/ 354.8+30.7 397.7£73.0 98.2+18.9 142.3+£20.4™**
/P/ 355.1+42.9 374.3+46.2 91.3+18.6 143.7+37.7
Unit: Hz
Statistically significant, * p(0.01, ** p<0.02, *** p<0.05
B) Affricative Sounds
F1 BW1
CON CON CP
/C/ 324.8+35.7 323.3+£33.0 74.5+12.6 105.7+£14.3***
/Ch/ 379.8+37.4 430.3+£11.8"** 115.8+28.6 171.0£15.9*
/C/ 373.3+45.3 395.3+73.7 105.7+34.8 130.3+50.5
Unit: Hz
Statistically significant, * p(0.01, ** p<0.02, *** p<0.05
C) Fricative Sounds
F1 BW1
CON CON CP
/S/ 340.94+34.9 328.3+30.5 79.1+15.3 130.0£15.9*
/S / 364.6+48.2 419.0+£27.1%* 96.0+24.0 154.0+£22.6™*

Unit: Hz
Statistically significant, * p(0.01, ** p<0.02, *** p<0.05

TG T T go] ArE Fou] o] S Hod 9 H|S
A& 4 st9tHTable 7). FHE79] ¥l 52 = HE2TE
o 2% E=A vEkeH Jp/, o'/, o/, /e BAA &
94 (p€0.05)°] At

CSL= AHEg 711G dojo] 5384 4

719] output@ CSLE| inputdl Al5&
A CSLellM 9] 24 HMZe
A8, Table 82 CSLelA &3 A

0.02)¢ /s /(p¢0.05) 5=

okt B /i/9) Al 1 THE Fe vy 24 Vet

om FAAY Fo8E 9\}\‘}1‘:}. ¥HE Bandwidthe]

oA #71E#] Al 1 LW E Bandwidthe tz2T9]

Al 1 ZHE Bandwidth Btk =7 Jebged /p'/, /c/,

/) s/, R s e BEdlME AR 940l 9l
Art.

Tk ]‘:P TAL T [/ p<

313}

L ) ['

18

198 4 S8y Bt 2TEE o] AFHoln A
o et Qkdsty] Wiel Adelx HQAH AT
B7F 3 AR AHgShE Fo] drisof] fgit A o
olo] A& FE Aol kel AA EFske] 28X
of A71E L . wheb £ AFelNe 271 4 H &

2o

off HE

A Ho|HE AR St B A
Hrvehe AFE vk Y B E AlFetaat kit

A )42 Shin's criteriacl 23] #4291 9lo] ]
7F eAsH e IS BErh AR e A ddeR
sttt G dojol 74 diEAQ 5491 B s R
Adole] WarEe WoAA| Fout 27t taAd o
o]l EL7F dA e "ol g Aol & I3t
253N E BT 23 dojet Fosila 77 el s



2 7AT NGE sl 7deA

9 271934 dolelsh e

S0l
=R EAR
Tl S HolHE dBRAR Hriete] FFAL

] Fe
2 bl A 5% 28 93 7Y 169 34
U Qe 3sh 92 Bl YomA Bt &
A g vhaag el W g Pgow

o dlo

i
ox
>,
3
® |
&
1o
Hu
=8
fr
i}
PN
3
H
A
1
4
Hir
Y,
v
K
Z v

om /¢ / (p€0.05)¢} /s /(p<0.01) 2 &3 =91 (p<0.0
oA tzTrT} o 50~60% ol B2 w7|HE FE3)
Hom 74zt EAA fIAE dduh. MEEe] A Ay
A Y SAbs B4 Al I} gzt o 28] At
A= AR 51A] ehgko} o] A& AojAQl Afold
A Yehd 2zt Azt

37199 4 v¥7) A4 (nasal coupling) 2 B|A17%
s el M 37] AH Tog fAHe dEHES &
o7] el A FARNFAANAN FAAF & SH e 2%
Ao o719k 9 379 A delHE 1
AATE, Fon] SAo] MY Al BE S G T
2T Hop 25 Fo) 3719 o] @A vegov A4
o2 gideh. Agtre] Aol ofatd FAE dojef +
AT ket Bo} A yepdthP ) 2 AT
T PGS g2 Ja 37|kl BT 2 vE
weor /p'/(p0.05), /p /(p<0.01), /¢"/(p<0.01), /¢
/(p€0.01) & /s/(p<0.05)= BAASI
ol FEoA s7dEE FHETe 7
93 3719 BF U JEsien A & <
SAA o] gidloy Ha TS IR SAelA
SAA ool Ut Tol WeiA] ST HT &
719H & 2T e BT geton 53] AoA ¢
7% AA JERT

HIQHA AN 753 Bl o] Ame A 54 A

OL—{O

TN ERfoAS] FLIFUE U BN B3 SHEH 5

2 aem 229 SYHH dolHt FRAA PuE
AR TALEH NEZE W& 23719 A ¥
oJv] $74 % ol £EN SRS YA A Fed

o/ /0. o /AR AR F2178 (p€0.05)0] ASiEt. o]
A3 Avhs v RS

& Bt oF 254 =
M B=rt 45 e
2 EY BAoA H]go]
EAo|u} A Aol A9
44 gt} wghs Bg E
o -

H]

Ehket, W #H sl
BT,

LR
>~O.LI.4

o o
k)
dlo of

fe ™
b A ok ol

fm 4
12

o

vy
e
=3
==

U
1o n

8

_\'1_1,
i

yo 1o o

oz S

-+ fo

= dlo

ne o lo P
)

ol
)

A=)

)

dlo

o

ot

N
it} )
A m

~
=
A
__>‘~!_“
™
=
I
rlo
=
PN
=
a2
fui
K
)
il
ful
30
|o
=3

glo mlo ¥ N off
o
ft rlo

e =
2
s
i
L
<
o
g

2
o3
T
i
ox
BN

i

ogj{t

fff

o

> g

fr

ihe

folt

N

-

o

[E
o

10 om

rE Ne

o, dlo
ol

H oo
(o
0%
)
2
ox
o

=
R

1%
o O
e

1 ox

&
%0

4

=

18

F

o fF
ne
32

= 8

N,
o
o, ‘L:E

Fly e

Jo 1
>y
TN 30 o fob & fo

o
I
o N
BN oot
do 1
g lo ¢
ox, il
ol
> o

it
z fol
N,
=
( rlo

fr
X,
=
Auj
30
(o
=)
|
ol

o
e
dlo
=
tot,

>~

Ho
= 1o
oX,
g%
£ 30
pacd
£
L?\
o
BUAPES
¥ Ot
|o
H
=
e

Y,
o
of
)
2
=
o
o
o = 0_>"'|_4 —IE‘
O,

b
'L

I

)
M2

X0
32 =

(p€0.05).

1. Mayo R, Warren DW, Zajac DJ : Intraoral pressure and
velopharyngeal function. Cleft palate-Craniofac J 35 : 299,
1998.
2. Spiestersbach DC : The effects of orofacial anomalies on
the speech process. Proceedings of the conference:
Communicative problems in cleft palate. ASHA Reports 1 :
111, 1965.
3. Riski JE : Articulation skills and oro—nasal resonance in
children with pharyngeal flaps. Cleft Palate J 16 : 421,
1979.
4. VanDemark : Predictability of velopharyngeal competency.
Cleft Palate J 16 : 429, 1979.

CETERC  OBRLEEOSEE RO 17 1 247, 1979.

. Peterson-Falzone SJ : Speech outcomes in adolescent with
cleft palate. Cleft Palate-Craniofac J 32 : 125,

7. Williams WN, Brown W Jr, Turner GE : Intraoral air
pressure discrimination by normal-speaking subjects. Folia

o Ot

19



CHtetotoi &g azi el nfsts]x]: \Vol. 28, No. 1, 2006

phoniat 39 : 196, 1987.

21 : 91, 1984.

8. Warren DW, Dalston RM, Mayo R : Aerodynamic of nasal- 21. Laine T, Warren DW, Dalston RM et al : Effects of velar
ization, in Phonetics and Phonology 5. Ed by Huffman resistance on speech aerodynamics. European J of Orthod
MK, Krakow, PA, Academic Press, INC, San Diego, 1993. 11 : 52, 1989.

9. Warren DW : Compensatory speech behaviors in individu- 22. Motta S, Cesari U @ Aerodynamic study of velopharyngeal
als with cleft palate: a regulation/control phenomenon? insufficiency before and after logopedic treatment. Folia
Cleft Palate J 23 : 251, 1986. Phoniat Logop 48 : 11, 1996.

10. Warren DW : Regulation/control of speech aerodynamics. 23. Laine T, Warren DW, Dalston RM et al : Intraoral pres-
Folia phoniat 38 : 368, 1986. sure, nasal pressure and air flow rate in cleft palate

11. Moon JB, Folkins JW, Smith AE et al : Air pressure regu- speech. J of Speech and Hearing Res 31 : 432, 1988.
lation during speech production. J Acoustic Soc Am 94(1) 24. Warren DW : Compensatory speech behaviors in cleft
054, 1993. palate: a regulation/control phenomenon. Cleft Palate J 23

12. Warren DW, Wood MT, Bradley E : Respiratory volumes 0 251, 1986.
in normal and Cleft Palate Speech. Cleft Palate J 6 : 449, 25. Shin HK @ A Study of Korean Standard Speech Evaluation
1969. (kSNAP test) for cleft palate speaker. J of the Korean cleft

13. Dalston RM, Warren DW, Morr KE et al : Intraoral pres- lip & palate association 5(1):1, 2002.
sure and its relationship to velopharyngeal inadequacy. 26. Shin HK @ Treatment of Velopharyngeal insufficiency. The
Cleft Palate J 25(3) : 210, 1988. 56th Annual Meeting of the Japanese Stomatological

14. Hutters B, Bronsted K : Strategies in cleft palate speech- Society. 2002.
with special reference to Danish. Cleft Palate J 24 @ 126, 27. Hirschberg, J. VanDemark DR : A Proposal for standard-
1987. ization of speech and hearing evaluation to asses velopha-

15. Claypool WH, Warren DW, Bradley DP : The effect of cleft ryngeal function. Folia Phoniatr 49(3) : 158, 1997.
palate on oral port constriction during fricative produc- 28. Warren DW, Dalston RM, Mayo R : Hypernasality and
tions. Cleft Palate J 11 : 95, 1974. velopharyngeal impairment. Cleft palate-Craniofac J 31 :

16. Peterson-Falzone SJ : A cross-sectional analysis of speech 257, 1994.
results following palatal closure. In: Bardach J, Morris 29. Warren DW, Dalston RM, Dalston ET : Maintaining
HL, eds. Multidisciplinary management of cleft lip and speech pressures in the presence of velopharyngeal impair-
palate, Philadelphia: WB Saunders, 1990, p.750. ment. Cleft Palate J 27 : 53, 1990.

17. Brown W Jr, McGlone RE : Relation of intraoral air pres- 30. AR fix @ DEAGERC RIS % BIALEAEAE © B3R, B RER 60
sure to Oral cavity size. Folia Phoniat 21 @ 321, 1969. : 856, 1967.

18. Laine T, Warren DW, Dalston RM et al : Screening of 31. Warren DW, Dalston RM, Trier WC et al : A pressure-
velopharyngeal closure based on nasal airflow rate mea- flow technique for quantifying temporal patterns of
surements. Cleft Palate J 25 @ 220, 1988. palatopharyngeal closure. Cleft Palate J 22 : 11, 1985.

19. Smith BE, Maddox CM, Kostinski AB : Modeled velopha- 32. Warren Dw, Mackler SB : Duration of oral port constric-
ryngeal orifice area prediction during simulated stop con- tion in normal and cleft palate speech. J of Speech and
sonant production in the presence of increased nasal air- Hearing Res 11 : 391, 1968.
way resistance. Cleft Palate J 22 : 149, 1985. 33. Arkebauer HJ, Hixon TJ, Hardy JC : Peak intraoral air

20. Shelton RL, Blank JL : Oronasal fistulas, intraoral air pressures during speech. J of Speech and Hearing Res 10 :

pressure, and nasal air flow during speech. Cleft Palate J

7} 12
SHWNS 561-712

196, 1967.

Reprint Requests
Jin-A Baek

AEE 954 YT
Asoistn Ao Pt el wetm
) 7 of

Dept. of OMF'S, School of Dentistry, Chonbuk National University
634-18 Keumamdong, Dukjingu, Jeon-Ju, 561-712, Korea

Tel: 82-63-250-2113  Fax: 82-63-250-2089

E-mail: omfshja@chonbuk.ac.kr

A Hed 2005 93 29Y
AR =hEd 20064 1 3¢

Paper received 29 September 2005
Paper accepted 3 January 2006

20





