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Abstract

Speech impairment is a serious problem faced by cleft palate patients in their early lives. Despite
recent developments in surgical techniques, postoperative speech problems, including hypernasality and
articulation disorders, are still reported. To improve speech quality in cleft patients, establishment of diag-
nostic and treatment guidelines based on an understanding of the pathology of cleft palate speech is neces-
sary.

In this article, our previous works on the establishment of the objective criteria for diagnosis of post-
operative velopharyngeal incompetence (VPI) in cleft palate, the establishment of a new guideline for
speech therapy of the postoperative VPI, craniopharyngeal characterization of the morphology of patients
with persistent VP, and three-dimensional analyses of palatal deformity as a possible cause of articulation
disorders, are introduced. To establish objective criteria for diagnosis of velopharyngeal closure function
(VPF), nasalance scores in cleft palate patients were calculated using Nasometer test. In the test, good VPF
was diagnosed when the score averaged less than 20%, and poor VPF was suggested when the score aver-
aged more than 40% and exceeded 80% on phonating the high-pressured sentence.

Although an improvement in the acquired ratio of postoperative VPF from 60% to 90% has been rec-
ognized in the recent year, persistent VPI remains in approximately 10% in patients with cleft palate. The
craniopharyngeal morphology of patients with persistent VPI was characterized by a short palate, a wide-
based counterclockwise rotation of the pharyngeal triangle. These items might be contributory factors for
the prediction of VPF before surgical treatment of cleft palate. Further investigations are necessary to fur-
ther improve understanding of the mechanisms involved in the occurrence of VPI and articulation disor-
ders. This may lead to a more biological approach to the treatment of cleft palate speech.
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OHROSHEEEL, FRERF LR LATRES
BEVEPrOEETA2RKELMETH LY, NF
HEEPIZ 5 SHEOMBEIZIE, TICRREERERE
e b )RR, BEEE, STHEREORE, BX
BT RIS B2 S ALNE D Y,
TH RIRPEREEEE, T bbb A TR SEYE
AR BIEZ B L, ZECAYTEEICON
BWEHITT AWEEOBEL, SHEFEF AWML,
dIabr—vavEEALBR L CEBEOHESERE
DEZFHELETEE 5,

OZFZEBOHAYIE, DEOMSE & a5 2IHEE
FASHIRE DIERRIZ L o TRE L EEEELOET 2 2
Eilhb, COHMEZERT A7201213, WEREIC X
B % OFBBM I, SeElEL, SRES 2
WIERES P L F— 27 T u—F P EETH S
(1)%, M, OBHFMOEFIZEDLVEER
BHEELETIOSHER IR ko vbh
L%, MEL, NEHUBEZOSEVEIIEERBOFNL
HRTRRBE L IZVWEWS 7 BEFOEZIEEIC
B 0 568 72 tH D 19804EAL 74 - D Ju M RS- 9w B 58 1 e

Feeding instruction (birth)

Palatoplasty (1.5yr)

Evaluation and facilitation of
velopharyngeal function (4yr -)

Speech Aid appliance

If VPI remains

Repushback surgery (10yr)
Pharyngeal flap op. (17yr)
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HYRHC BT B S0 0 SRR B SRS e 0 JEI R
(F2)BXOMEBEEORIFRI (M3 ) 2R, 4
(&, BNENERA SHARREATIE B I8 AR L 7 B AHT60% 12
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BIRREEASEMS e O M, DIEi2 S SEEE s &
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Hotz’s plate

i 0

CPAP Blowing exercise
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BREZ M RMEDER F R AT, TV A —F —REILH
BEOEBFMOHMTHRE SN T, BELN
D 2 oDETEIA T2 o TRENS EOEPLD
LEBIINVE-HLEFEHL, 2A—PFIFAZ23T (N-
score) £ LTHETHIDTHA (M4 —A, B)* ¥y xF
SUITEREEST, HEE204T, AY—FHREL
(X CIREPIE O B 70 5 FEREIRILT T 0 B E A gk e &
ST B0z, B/, TE s, BE/ITA
INF AL BEXFYIXFHXFTF YV I ERR W,
BSOS I I H A B FIEF R DA
WZht» 72,
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1988-1993

FOEER BEEEORE /i/ FEEOTY N-score
1£10% LA ~50% & AR WIRToAm L, KiEfaid
20%~30% LT H#EL TV, AFICOEREEDR
PR e B B BR AR BT C U /i, FE /ts/, REC
FEHEEE O Y N-score 1320% LT 2R T HE&H% { A
BNz, £/, BRIEEMSEKEIAEIZRBIZONT
N-score I MELZ/RL, BEAEE TIII0O%LLE, A
LFEIZ40% L EERE L (M4 -0 BEXDOFRK
ETIE, BEE, SPEEPSEHMEE RIFE TI360% T
Tholoh, BEAEHE, AEHEDLII80%TEL
72 (M4 —D)o TNLOMERE D LICHFERIFERD

4-6y

8-10y

1994-1999

N=38

N=45

Good VPF

1 mild vPI

N=48

N=30

N Severe VPI
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1988-1993

/

0% 50%
- Glottal stop

Palatalization

[__—I Normal articulation
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60%

40%

Nasalance score

204

00
noncleft good border mild severe
VPI VPI

D Maximum N-score
(low pressure sentence)

100%
Bso0-100%
80%|
B 60-80%
60% 40-60%
H20-40%
40%;¢
” [10-20%
20%|
0%

noncleft good border mild severe

VPI VPI

4 . Nasometer 187 (Z & 5 2R 2 EF sEHLHE ST

A: Nasometer /&4

B: BFE/MMEOIALVE - L VR FOREYEH
C: BEEB L UOOBHEE OAE I N-score DFE D55
D: fEE U3 EEHED N-score Dz KAED 5 Hi

® 1. OERMZROSBIEFRAHMEED

Good VPF Mild VPI Severe VPI

Nasalance score
vowel (mean)
high pressure sentence (max.)

low pressure sentence (max.)

=20% 20=<=<40% 40%=<

Velopharyngeal distance in the lateral cephalometric radiogram

vowel (/i:/)

Blowing ratio

80%=<

60% <

0-1mm 1-2mm 2mm <
1.0< 0.7-0.9 <0.7




OFEREEDOEE

BIKEPAS M RERE ML ME A R 1 O T (RE L. £
7z, LDART2 6 FRAG A ME DS T % 2 o 72 B FBEE X
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) BCEEICERENEPT L2 Lo, &
512, blowing 7 A M DFEEMEIZREALOLE, &
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SHEIMIC 74— F NNy 252 EDTRRE ko7
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ENVHAET LA, 4EEL»S, L )BEBRMZI
WE LT, BEOWHDEICELE 200 R E I
% (continuous positive airway pressure: CPAP), A Y —
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M aFRE LT, RIREMSEEREOEEZN S,

A
Type 1 2 3 4
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High pressure blowing O O O X
consonant O O X x
Low pressure vowel O X X X
B
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PPW X 100 (%)

C: BRIOEZ L (LHBROEA — /RFRROSA BROFMA: LU—-PNS—MSP))
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MISHIRREDSAS B 72 Type 2, T8 /ts/ & B /i/ FEAERS
B IHFERA SRR AE LA B 7 Type3, BLX U EREOW
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MEBERE, o ICEOFR LA EZ RO (K
5—B, C)o DR, Typel ZOZFENEL, &
OFOBE S RIFTH o705, Type2 FERIIHFEOE
SRETHTICREP oS DDEEEL, —7F, Type3d
BIROZFOE X3 TORBTRD Lo 7288, %O
ERIEIZABICEP o7, SHIT, Typed L, #OH
FEAE ) R ICIHBREDE C, MR TEKOEDH) &
DENWI VG572,

INLDORERPL, FEIRTREEELLE L THE,
Type 1 TIZRIHEPASHBEEDEBIEIRFTCHELDT
FEMEIZE AT\, Type2 ZHRIIFOH X2 ET 20D
DA ML v F v 7R CPAP % L O EMININBEL: %
BIRTREXTHALH, F72, Typed IFBOIZENEH W
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Type 4 CTIZMHEEE L MOZBRE O L UET L7720
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A o Nasometer test(/i:/) Blowing ratio
:\; 0 - .o 1 .0 - ,"“‘:::\;r
;’ 1 Effective = J ° 09T g
ic- 20  Ineffective .*3 08 |
% 30| = 07
E 40 1 .Eﬂ 0.6
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wn <
s 60 TR R 04
z L e
70 S 0371
80 | 3\\' 02
90 I 01rf
100 0
before after before after
C
before | n=25
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0% 20% 40% 60% 80% 100%
Good  [__] Mild VPI Severe VPI
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B: Blowing ratio
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N7z,

DEnZ e, OZFEZH O BIEFEPA SHA% fE S 12
XA MAEAT - 72RER, 19904 LUEIZIE, &
MR M B SHARE B 1S LT 2590 % D FEB TR S, HEL
SEEEICKTEFIHES RS LE (K1), L
ML, EBH10% TR, BEREVFERLT LREFH
Ao, ZDL)GEFEOSHELIERIET L7201
W REGFEOBEDORLEPEEE %2 5,

AERMEOBIRPERAHBEER S (I ¥ 5 ZKAE
DB XD

135 2400 1 0 R EE B SH AR AE (9 B 15813, FiIH
TRLAZEIZ, MOBEDOA ML v F 7525 K,
BRREA N — 2 %2 A BT A R ATAIE, &5
ZARFANC TOSHEREOULEYH S b OO0 H
5o

e b FE B (CPAP) 1&, 4E, BRI 0TI 5
DEFEEE L THIELHWS NS FET, BEEICHb

FERE O FEAM & 1G98 : 15

BICHEE 525 2 LIS o CHROZD BIEHEIZAM
e, FOEPN L LTEHROZOE L2 s+
5bDTHE (K1)Y, HEE<TAZ %27 CTHE
2T A Z D 4 RRRTRLDEEOR B i B HNEIE
Eebh, —HIZ, 4BME 17L& L, FENIZ40
mmH -0 g 2> 5 ¥ T80mmH:0 F THEA IZ FIFTw X,
BB DR A IZEEE L TWwWL, BEICHEELT- 72
BICix, 7619 2 B0 RIKEEA S FERE A 2F)IC &
MHPE SRR DL D A H N 72Ds, AEBITIE—8En
WHERALNZD DD, EHITERREY DAL N,
RFENZOWTUE, BREIPAR L, 5%, Epl2Ee
L CIHEER O FERCHIE D OB IERE 2 e &
BRETHHI,

A —=FT A FRNFH V) 7 ML A EEIFEIL,
AR IREY R - 7o F T CRINMEHIREE 2 85 &
LI LI o THBFORBHERZEHICHEY K LT
e f5s2 8, UHNICEREELXHMEL, 2Rk
PSR A B2 8854 2 L 12& o TS HEER O ES)
A RIELT A LN TELREZETLY, L

A 0 Nasometer test(/i:/) B Blowing ratio
10 6} 9
10} 0.9}
& 20t 08}
E’ 30} 207
S 40t S 06
8 50t 80 0.5/
: - -
S 60} 2 04}
= =
& 70} & 0.3;
Z 80 [ 0-27 llllll
90| 0.1t Ineffective =—
100 Y
before after before after
C
before
after
0% 20% 40% 60% 80% 100%
Good [ Mild VPI Severe VPI
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B: Blowing ratio
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L, RIGEOGEREIEETE (, REMIZOXKT
REPMANELNE D, HELFATTNE»OHENICE
BThZedblnl v, M1LICERLPEFHNT
WHY 7 A Y —F I FERT, (EROT A Y —
BT TA Y —EEHELEERE2FE L S0 o
2z ehs, V7 MNITKROAZEDA MLy F 72
BT, WIOELZE L L CEESEEICAALL
IHNCTRLELDTH D, BEIAE—F A FIZ
X B EAT - 72 DIF2560C, & TREIEEE R,
bRIAPERSEIdGE SN, REBEOUWEDL ALN,
E5102, 4 50(16%) 3G IR A S R e 2 IS
fbaEh, AE—F T4 FOREFTHETHo72 (K6 —
Co TNHBIGIEERNTH /2 4M LMD IBI%
Ry 5 &, ARhBITIE, EFERTIC blowing 72 £ D
HE 7 TSR3 C o B FEBA SRR RE AT TR ST
WABBINE L, B i R EDIREBREE T O AR BIRE
B ISR ED A SN BIEMIZB VT, AE—F T2
X2 FRIRERSEREORIFELI B LNV L) TH
% (X6 —A, B)o

0% D RFHTIE, —WICOZTERZ TN
(repushback operation) & HSEFZHEAT (pharyngeal flap
operation) 2SRRI N5, FEH HIZ, WHEHFATHAM I
Bl X DR 2O BMICHAg S A 2 &,
F 72, B SRR 2 & O G0HE T
ZEMDY, FFI0REICOEHERARENM 21TV,
IHEE TR I R T B L L CITRAIR I T > TWwh,
W= IEFR G BEN %17 - 722261 DM FABUE & A
5L, #ith, 4BIT blowing ratio 1£1.0&CLEL, 13
51(63.6% ) T5e4 7 BIHIERASRRRE DIER TR S5 e
(B7—A, Bo —hHT, 5 9FITIZ, OFFHOMHE
HEMER L KOHEDER YT 220D S 5EE
7 BIRREBSERSEEANE R S N o 72 (7 —C)%s

F T, ISR 1T SR e B S A R A5 7S IR
ThLEEOHRELMAHNT, OFEBIERN L BT
% BIHER SRR &R L7 9B, T CICREAF
7 SRR B SR AR AR A VLS S - IR 18RI, BL O
fiw B 1sBl O HEZ MR RS & leBiiat L 72, RIEKE
BEALH T EE X BB EE L TROFR, WHHRERE
B, B8, MOFR/MBEEERL, 256 TICHOFEER
B—IE K —EHERT A & A A ZCIREE = 2 R 72
(8 —A)o ZDAER, HMHEP SR GE MBS II IR
BEESE L, WEEFLVCBERTLH L L 010, TH
VA=A OREE AL <, BAESREEEE Y (2lhlEm L
TWAEEMAS AN (FK2), F72, BRITEH LIHGERE
L oS (PPW) BIRBEZ=ZA 0% EFICEBE L Tw

Ly

B EpurEns: (K98 —B)",

SIRPEPA SR O BRI ZE OEB) L, THFEEH AN
HMBFHOB & &, WA T~ OFMEE O#) &
DORY FVOBHNZ L o THRE SN B, SMHEFHN
HEBI OIHTE = [ Uik 35 - TRBHEE R M DRI,
TIFRNZERIE D LTS L LB IR Z At LT
WhHZERERESNT (M8 —C) ThHEDI &M
b, &%, OFBRBAIIBT S LHFHRT ENEORE
BORPWHMORZIES, ST AR 58
el T Ta—FRA B DEDL S EATRRINT,

OERNEORZTEZTOHEBRRRE ZDER

&M B OBREESTE, HEF RO ATHER
BEOWZAIBEKRLZMETH S, BEMBTIE, FL&
LT, BIEpERASEERAEICHEET 2 FMMEECT
HFOEEL, BIEKEMSEMEREICHERO 2 VOFELES
(palatalization) %l &L E (lateralization) 7 & IZ[X
GENEY, BRIFERASHBEAEVBEICALNRL
1980F121E, FMBRETR FEOEVEEHET O
UTH o 7275, 19904EMR 12 1 B ERE B S RE DT 12
PR, SRR SEEREEAR I PR T 2 R EHFTIIHS
PIZEA L, FO—F TO#EbEE &b H
¥ @A LNz (K3), ZOEMIE, HAE
DEL DIIHEREMEBIGER TAONL LD TH DY,
ZFOEROEH LI RPLETH 5,

DS, HSESoZERE, Dais o0&k
BEORE, OFRMICHEA LEHEOTRMEDOETIZL
DEEAE S T FREEREYET A LI LE
ZONTER, 72, —HT, HEAOOZIE, #
DERICHIHEFAGRERESHEES T LT8R
AHILD, RIZHL N TR,

EHLIT, BEBSRELOZRNBOOZTREL
DEMEZHEL -, OFEES, MEEEORE
OB RV EE & OBE MG L7z, WRIZO%FL
ML 136 (ERE 9B & BIE 4 1), HISLREE 9B
(ESEABEBES B, RUIEFESZEG L -OE
HWEZHIHITH L, BREMEOERERIIEFTL LT
EEF2ENL PEPTHEL 2. HFEZRICHNTIC
W, FEEEARE L — - SRR AT EE (3 /08
##E, VIVID—700) TF—% AHL, v 7 b 3D-
Rugle 2 CTHEMT L 72, AT L7-TEB L, OFELE, O
LR TEIRE, BIA - BTOFRE, siA/MmAOE
IREEI, A5 - A OFEE, /BRI OFRER
O&H4miE, fih/aenERELk, OBFRK, wiis
OsRfE e Lz,
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ANS

Phafyngeal trianglé

(Wada et al, 1997) |

8. BIRREFAHIEAEREREG OBRERREORE

A: THEE =13

B: 5%, BIEVEEOSEE, SRR eSS R HH O HEHEEIEREO T H

C: EHESB L U SITTE B SR SE 15 TN B 8 o0 VE 2R TR RS 1% O IS [0, S TR IE B 5 H% e 215 I
o EEIRER S, FvE, AEEOLVIRE=A, EREHE O OFgE =, K
GHFLBE 7 (PPW) O E R TR O b b,

#2. BIREFAHAERGEEE OREMEOANE

Cleft Palate Normal

VPI (n=7) VPC (n=14) (n=20)
Velar length 39.0 (18.7)** 43.4 (3.3)* 47.9 (1.0
Pharyngeal depth 42.7 (13.3)* 37.7 (2.1) 39.2 (2.4)
Length/Depth (%) 90.6 (6.0)** 1149 (1.1) 125.8 (4.4)
Pharyngeal height 13.9 (5.9) 11.1 (1.4) 11.1 (1.8)

* P <05 *:P <01

17



18 b

ZORER, DF BT EERE, EHSERE X
THOFRRENEL, HICRIHOFTFOEITIERTH -
72 F7z, Wik/&OFRMBILD DB S HEERT
HEINE L, OFRITHOWHI Ok b2 %
A TCOEOBEREYEEL, EEISBEIE
B LR T VIR A E> TWD 2 WA ALY,

Doz bhs, 4B0NELFMB L CHEETER
BICBWTHOBRREELI/MEL 2w TR OE S
DFEBTIHIZEN D Z LATRB SN, —7F, MIEAL
BEIZOWTIE, BIOFESLEREE L OBERELD
oD RBEEII R S NE, 4%, JIOAED SR
BROMBEILE L Bbhiz,

BEh)Z

AFBZGEO—BIEBEO LR CEEIRERLHETE
GEPERLA-ZLICLY, STERRE, HERETBIED
MEPEATZE TV, GEIONEHEEOREA %
REBOEFEDEERESERTAZLIZEDY I
Vg

G, DBERBEOSHEOE* LT H201213, &
WA JEE P SE A AR D IER SRR 2 Bl 2 FHI L, #DFIT
T AL, RHUNZ, BINT A UEES RS
EHEOREREZ S 512:8% L, OBZBEOTTEFD
WREEZDLEND L, [HINnbold, gL
G EWHIFTETEKING L IIZ, BEBETOHNE
EARZFHTH Y, BEELFET 2 KEBOZHE
ETOLRVOPHIRTH 2, 4%, SHEORY, HiE
BEAWHEAT LI LI - T, WBEBGEL 7 iR
BIUZT 4 — FNw 7 TEL LX) ROBRSEODH -
EHEEROBIEHB L CWEnweEZ 5,
R BB, RG220 72000
KEFEOEZEH 7 ) =y 7 SiEHEE+, #HFET
Sk, WMIBERAA, B o CNCHEDESNRE, BIFER
DEEFAEIEHH N LE T,

ZE A

1. McWilliams BJ, Morris HL, Shelton R: Cleft Palate
Speech ([ THZLSEBEDHRE - ZM - 168 1 R
MM R, BN E). EWRZELAR, 1995

2. PASHLE  SREREEE ) - X 8%, EREY
M, H1EID REREERE OB & AR pp 4-
12, H28E I IEOFERO LM, pp 18-27, IV
Fi pp 55-62, % 3 F 1 SEEEEIR D )74t & 4 pp
113-115, WM T B M EEMRE, ML, 2002

3. Suzuki A, Goto K, Nakamura N, Honda Y, Ohishi M,

M

10.

11.

12.

13.

14.

Tashiro H, Fujino H: Cephalometric comparison of
craniofacial morphology between primary bone
grafted and nongrafted complete unilateral cleft lip
and palate adults. Cleft Palate-Craniofac J, 33, 429-

435, 1996.

. Honda Y, Suzuki Y, Nakamura N, Ohishi M:

Relationship between primary palatal form and
maxillofacial growth in Japanese children with unilat-
eral cleft lip and palate: infancy to adolescence. Cleft
Palate-Craniofac J, 39, 527-534, 2002,

. Nakamura N, Suzuki A, Takahashi H, Honda Y,

Sasaguri M, Ohishi M: A longitudinal study on influ-
ence of primary facial deformities on maxillofacial
growth in patients with cleft lip and palate. Cleft
Palate-Craniofac J, 42, 633-640, 2005.

. Morris HL: Velopharyngeal competence and primary

cleft palate surgery. 1960-1971: a criteria review.
Cleft Palate J, 10, 62-71, 1973.

. Marrrinan EM, LaBrie RA, Mulliken JB: Velopharyngeal

function in nonsyndromic cleft palate: relevance of
surgical technique, age at repair, and cleft type. Cleft
Palate Craniofac J. 35, 95-100, 1998.

. Flecher SG, Bishop ME: Measurement of nasality

with TONAR. Cleft Palate J, 7, 610-612, 1970.

. Flecher SG: “Nasalance” vs. listener judgment of na-

sality. Cleft Palate J, 13, 31-44, 1976.

AT, WASHl, EHRZE, HFEIEW, Fm
b HF, HWHNG, KEEB 7V A~y HE
& % SIGFE P SHAR BE BT — 32488 0 BIR
ERASHIRRE DM AEME —. HIOFEEE, 28, 9-19,
2003.

(LRE & AARSRIC & 2 IR BB O BIHER Y
FREEIZBE S A AFZE. HIOSLEE, 19, 29-43, 1973
Kuehn DP: New therapy for treating hypernasal
speech using continuous positive airway pressure
(CPAP). Plast Reconstr Surg, 88, 959-966, 1991,
Tachimura T, Nohara K, Hara H, Wada T: Effect of
placement of a speech appliance on levator veli
palatini muscle activity during blowing. Cleft Palate
Craniofac J, 36, 224-232, 1999.

Sloan GM: Posterior pharyngeal flap and sphincter
pharyngoplasty: the state of the art. Cleft Palate
Craniofac J, 37, 112-122, 2000.

. Nakamura N, Ogata Y, Sasaguri M, Suzuki A, Kikuta

R, Ohishi M: Acrodynamic and cephalometric



16.

17.

OHFEREE DS

analyses of velopharyngeal structure and function fol-
lowing re-pushback surgery for secondary correction
in cleft palate. Cleft Palate-Craniofac J, 40, 46-53,
2003.

Wada T, Satoh K, Tachimura T, Tatsuta U:
Comparison of nasopharyngeal growth between pa-
tients with cleft and noncleft controls. Cleft Palate
Craniofac J, 34, 405-409, 1997.

Nakamura N, Ogata Y, Kunimitsu K, Suzuki A,
Sasaguri M, Ohishi M: Velopharyngeal morphology
of with velopharyngeal

patients persistent

RRED

18.

19.

FPAG & BT 19

incompetence following repushback surgery for cleft
palate. Cleft Palate-Craniofac J, 40, 612-617, 2003.
higg T, FINEE, Z)IME2, WIHE—, %45

W&, whAtHR SR, KA TR | Hotz BILIFREA
CEEHE -EHROZFR—. HOXERS, 27, 292-
296, 2002.

e TR

RIGSER, #AHT, A, Bk B, @R
EW, KAIEE  IEORREFONERE LM

TEIRE - O EE Ll biEEIc >, HO
=L 98, 113, 2003.



