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Measurement of the Square Measure of
the Pharynx and the Positional Diagnosis of
Airway Obstruction during Obstructive Sleep
Apnea Syndrome by Dynamic MRI

Taizo Ozuki, Yasuo Ohkubo and Kimihiko Abe

The purpose of this study was to apply dynamic MRI for
the positional diagnosis of airway obstruction during snor-
ing and sleep apnea and to compare the apnea hypopnea index
(AHI)and the square measure of the pharynx obtained be-
fore and after laser-assisted uvula-palate-pharyngoplasty
(LAUP). From December 1997 to October 1998, dynamic
MRI and overnight monitoring were performed at the hos-
pital of Tokyo Medical University on 42 patients who com-
plained of snoring and symptoms related to sleep apnea syn-
drome (SAS). Of the 42 patients, four exhibited collapse at
the position of the soft palate (soft palate type)as diagnosed
by dynamic MRI, and four exhibited collapse at the posi-
tion of the soft palate as well as the tongue (complex
type). LAUP was performed on these eight patients with
obstructive SAS (OSAS).

After LAUP, the AHI of these eight patients with OSAS

decreased significantly (p < 0.05). The square measure of

the pharynx of these eight patients was increased (p <
0.01). The AHI of all four patients with soft-palate obstruction
decreased, and the square measure of the pharynx of three

of these four patients increased. The AHI of three of four

patients with the complex type decreased, while the square
measure of the pharynx of two of these four patients increased.
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PAZERIPER I IR 5 (obstructive sleep apnea syndrome
AT, OSAS) i FEXGEDOMENSELFEREEZ 56N, 20
AT DB PERLEETHAH. 4EbIbILITEER
WP EEIEIR = & — L SEWMER T > & € — FMRI?-Y % fifT
L, OSASZRHAZEMMLT L I LTz, S 5IZKTPL ——
FEKIZEZ AT (laser assisted uvulopharyngoplasty, Ll
F, LAUPL T %) fEATHI 4 O EIFRIe 5B X OTEGE R
OEALZ AT L 7.
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R 9 AE12 0 SFRI04E10H £ TITEF,  BEHR M AmENR0;
TEFRELTEZLI2BTH A, FERIZEM406, o
26ITdH A, Fig. WERBIOIERE AR L7, FEIREEIE
e =% -1 L UZEYIER TMRIIC X D OSAS & 2 < h 7>
DiZa26092651T, 26614 8 FIIH LKTPL — 4 — Fik[]
SICHAMT R 6T L, 3~6 71 At B R MEAREAEIT, £ = & —
1) & SEYIIEAR FMRI % #5417 L 72.

5 ik

PR E = % —INECHBL LAY 2 75T 1 — L [Ak
LBAD SV A T X A —F — 2 Hv, HREEIR T 7 B
RN 35 & ONIIL Fh R RASANBE 2 FHA L 72, | B & 7= 0
ENPR 0135 C & 2 BEIPRHE L (apnea-hypopnea index, DL
AHIEWEF) A5 L kD L < 13Sa0, D18 T E (2 B R
Sa02 — FIREARFFSa02) AT 4% LL L # SASDB Wi &HE L L
f‘: IE}—IS).

MRIZEE 13 B4 E, 1.5Tesla(MAGNEX150). 4l
head coil M L7z, Hii 7513 T1-SMASH . (snap shot
fast spin echo) TTR = 8msec, TE==3msec, flipangle=10°,
slice& = 10mm, matrix = 128 x 128 & L 7-.

PR L IE Hp IR 2 F W 72, M B = & — % fdi
L, EWHEIR T CapneaZSHEL L 720 S CHEBIMA L, i
L 72608k BhEifg (LT AMRDIZTEZ ¥ — L CTHEL
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MM = 24 753
case Total 42 cases
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0
0 L. S -
20~ 30~ 40~ 50~ 60~ 70~ age
Bl AHI > 5 or Sa0, decreasing > 4
[0 AHI <5 and Sa0, decreasing < 4 Fig.1 Distribution of Age and Apneahy-
popnea grade

—OBEEOWEIIH2ABTH Y,
THot-,
HYMERT >~ AMRILE, FXGEDOPAZED L  I3PR%EEL
29,
D BROIER | SROSAIHTARRE I CH 5 5 (LLF, kOEP%E
EB). b L IR L IHTEKEE X OMBARAET S
(LLF, #Osirel55).
2)ERIL TR | HIRAMHGAAE 28T 5 (LLT, HRMZELE
T5). bLITEREIHEREEL OBBAIEAES S (L
T, ERPeRLT3).
VAR EOER BRI TR Z7D 5
WAL 729, 2 OfE IdH RRHRERRHEEE 1 & L 5E
BB P OEHERHEE | & THEAT L, WE RIS EH
—¥}T 5 EFTHEHTHELITo
FRERE E— R L LIESOR THRIOEN B
LA % KTP L — ¥ — Tk OHE AT O #Ie &
L, %D 556130 B8 T T 5
BB IT-19 % 3B L 7.
TR DO % BRARAYIHSAY | ZFEM 3 2 B D
728, FATEHEAT L7z 8 Biloy AHI & NHEE i T A & i
AT C HoBORES (¢ BE) 2170 7.
BIEBIOMTRT O MHTERE R 3, EHeRi L7
FMRIF{£60A T 4 ADIHEIEHEEOF & L7-.
1 AT 4 AT L QIREERROUEIILTO LS 12
To7z. WIEiEFOY#%Z FRED & A, Xihx
TR SIHEREE L L, FORTERLIOE
FEET LM HEEEEE Lo, MEEDONE
MR BT B0, F—ETIREL ) 1 Xh%H
VIER DS d o 727280, WlE T AIHTEEE T2 LUT 0
K9 IZiE L7z, TR THERA Dregion of interest &

FERETI4Y 2 43

SERL 124211 H25 H

Fig. 2

4 AFTHIE L, £ OFHOD 1/4 LUT OFF 5888 % WHEEE
& L7:(Fig. 2). E7WRIiieOMRIZ ILBL, YIBREh
FZEROF O WK b BF¢ THllE L 72,

B R

[EIREFEIEY € = & — 33 L OHESIER TMRIIZ X ) OSAS
& Bl s niza2pp2661 D AHIOFH)138.910] /hr, MHTEE
FDFHIE752mm> Th - 72, 2661 8 Fliz#kOZHR (\Wg°
NLIKCIFEEE) TH - 72, 26010 2 HUTFRILTE (W
b EWHE) TH o7z 2681 1668ITEAR (16519 114]
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Table 1 Distribution of 42 case
. Average of AHI Average of Square measure
Himber'afcaes (times/hr) on pharynx (mm?)
0SAS 26 8.9 752
Obstructive Sleeping respiratory ! .
disorder (AHI < 5 and Sa0; < 4) 2 21 78
Mixed SAS
(obstructive and central type) ! iz 2 N
Table 2 Pre and post operation deta of 4 soft palate type
Age | BMI | “Pre ope AHI times/hr | “Post ope AHI times/hr|  *Pre ope Square “ Post ope Square Sagittal Square
(*decreasing (*decreasing measure on pharynx | measure on pharynx | measure on resected
degree Sa0,%) degree Sa0,%) mm? mm? soft palate mm?
Case | 26 | 33.8 22.0 8.0 702 896 93
i (5.8) (3)
Case | 30 | 29.3 17.6 0.2 598 717 95
2 (5.8) (1.7)
Case | 37 | 274 13.5 0.8 89¢ 1088 106
3 (3) (2.1)
Case | 50 | 24.8 121 0.9 590 514 86
4 (4) (1.2)

" Pre ope: pre operation, * Post ope: post operation, * decreasing degree Sa0,%: awake Sa0s-sleep Sa0,

L UTHERZE) TH o 72, OSASDBWIEHMEIZM 72 2o Ry
IR M I 5 5251 1 2 42451 v 1 5451 C 39 AHI 2.1 [l /hre, DR
SENETHRE DT 765 mm? Td - 72, 1564 9 FlIdik 125
(BRIREPAZE S B, BROIFMAE 4 1) TH 72, 15614 2 4
FEBEL TR (N30 b HHRPE) TH o7z, 1560 2 #lid
BER (TR ORIOIEMED X OFHEA) TH o7 15
Bl 2 BHIPAZE S L <3 i b e dr o 72, 426 1 )
IR AT (PRI SRAN T SAS T3 - 72 (Table 1). OSAS 26
Bl 9 HLAUP# FifT L 7= ORI 4 6], #4674 )
(RCIZHPAZES & OTHEAZE 2 B, WkIIZEBZES X OSF

2B Thot:. TOMDIKLIZER 4 5], THE 2 5,
BET 261 U TITARER-20 ) 32pigit?)-29 | nasal
CPAPH® - Hipltd L I3BFH L CiamE S iz,
LAUPHiAT L 7= 8 BlOAHI, WHFEEHEEIZBDBOP <
0.01, P <0.05% b » THlfi & 1A 12 % 7B 72 (Fig. 3).
Table 2\ZHKI 128 4 BIDOAFIHOENR, BMI, AHI, IH
SEIETIAR, CDBR S gRIIBEMO R 2 25T, BRI 4 )
o4 BT R MR RO IS L, 4 B 3 6 CIRgE ke
WO AL S 17z (Fig. 4). PASEER DO FIFEIE 4 B 4
Pl BV TEO S, HEERRAYL K L 72 3 Bl

average of AHI average of square measure on pharynx
P <0.05 P <0.01
times/hr [ | mm? | |
. 1200 1
20
8.3
15 o
o 327
10 - 900 r
290
5.7
12.4
5 -
4.9 718 77s
0 ' ‘ 600 : :
=D . . Fig. 3 Comparison among
(A) preope postope (B) preope postope pre and post operation with
8 OSAS
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apnea hypopnea index square measure on pharynx
times/hr mm?
25 1
Q 1100 . AN case
2l N\ s
900 A
5| O —O0—
/ - #X A
\ 700 G ’.f’ == yon=i=id
10 + \ \:) i
\ 6._ —— — ‘Xl— -2
sl 500 | ~$
0 ' \9{ . 300 ' ' Bod & ,
1. Omparison amon
(A) pISOpS postope (B) precpe posiope prg and postpoperation witﬁ
4 soft palate type
apriea hypopnea index square measure on pharynx
times/hr mm?
25 1
A.., 1100 case
20 | LT .. —_—— 7
A 900 r o
L — ) 8
15 ><--...,,__.___‘_"_____mH
700 | 0"';.‘-""@ --/A--5
10 o
=== < A —<O--6
5 I 500 r
O__ﬂ
g | I w0l Fig.5 Comparison amon
(A) preope postope (B) preope postope prg‘and ;;ostpopaere:tion witﬂ
4 complex type
Table 3 Pre and post operation deta of 4 complex type
Age | BMI | Pre ope AHI times/hr | Post ope AHI times/hr Fre ope Square Post ope Square Sagittal Square
(*decreasing (*decreasing measure on pharynx measure on pharynx | reasure on resected
degree Sa0,%) degree Sa0,%) mm? mm? soft palate mm?
Case | 49 | 31.8 22.3 17.5 712 754 102
5 (4.1) (3.6)
Case | 44 | 30.6 Firi 8.1 743 729 105
6 (3.9) (1.2)
Case | 39 | 20.8 241 2.0 844 745 96
7 (6.0) (2.6)
Case | 32 | 271 2.0 1.8 742 759 96
8 (4.4) (1.2)

* Pre ope: pre operation, * Post ope: post operation, * decreasing degree Sa0,%: awake SaOs-sleep Sa0,

FIREE RO TV S - ROE AR L ) b KEH
o7z, WWEERETRGD S L7 1 Bl CikiknEoRf iz +4
Tho72h%, EHIRAELZ AL TV,

Table 3|Z#G 8L 4 BIOMATEOFHE, BMI, AHI, MHIH
FETmfE, BB S OS2 R 3. #HAR 4 v 3

ER 124511 H25 H

o L7z, 4 b 2 pCIREE AR i hn ok L7228, B
Y 2 Bl LAz (Fig. 5). MHSEREEREATIE A L7z 2 Bl
AT AT IRBE I T A 0> 25 (X VDB & M- R AE & 0 b/
ootz MHEFEERASLA L7z 2 flCldikOzE i +o 5
LA, EIIRzE LT, IEEEEmE RSN L7 2
BTl O Z PAZE & FRRPAZEILFRA L Tk,
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(A)

Fig. 6 37 years old male A: Sagittal Gd-T1-weighted FS1(450/15)shows extension of the length of the uvula and thickness of the soft
palate. The uvula touches the posterior wall of the pharynx, then obstructs the superior respiratory tract. There is no sinking of the root

of the tongue.

B: Sagittal Gd-T1-weighted FSI1(440/12)shows that the uvula is shortened and is opened on the superior respiratory tract. There is no

sinking of the root of the tongue.

E Bl

Z %

fiEf5l 1 (Table 2 @ Case 3)

376k, BYE. ATHTOREIRI MEAR R EEIEL, SF,

AMRIPT AL | [T EITIERE LIUE L Tw5b, fk#EDs
IHEEREE IR LT Y, LREOMELRD S, FRILT
IR, BROFER & # 2 5 (Fig. 6A).

MHEMRIFTR © kOFIZER S TB Y, WKOIEHHE
BEEMBIZF VT3, L2 LERIETIEALREZ W
(Fig. 6B).

YAMRIEEOWTNOMTOHEIRDO LN Do
2. AHIZEBIET L, Mmook <k L.
fiEf5l 2 (Table 3 MCase 6)

445%, BYE. AAT O S IR EE BP0, B, BOIR
R, EHBEE.

MATMRIFT R @ $kCI3EANRGEABE (35 2 0 L [FBR 27
ROMHIHZBEL L CEL TS, HEMEEZ LN,
(Fig. 7A)

WIEMRIFTR, | SOF TR E N TV AP FRIETIC X
B FEIRAEIFRAF L, S s N BOE I HRMICET | &
h, SUEHZEXED 5 (Fig. 7B).

¥ AMRI W& TIIERIETIC & 5 S0l 3 B4
CTw/z. AHIATRTIC < CHEhm L 722, %mw&mm
BETEMHRIZEAERLL BTV, AEERE LTORE
DIRR, EHEERIINE L. MEERE LToI3R
FLIZh, HoOSHEIEHIKT L.

30

OSASDEAZEHAT %"M §5Z LidihE LS &Lm@% {_

HIVFEILEETH A, EkE TOLREDAERMND
WIZIZ 7 7 4 78— 2 0 — 72 & BEIER 2 _FSGEPERED
L EMThNTELD, ZASIZFHOMEYE, KD
BIALE DJEME S R BE O S EOMEXDH 5. IR
RE BB E L TERERD DL XMHEH R,
cephalometry®”, Friffechoi &Ml SN T&7/, Lol
X#EBR, cephalometory XIifH Mg Tlde{, 8F&F
LEOERVHNHE L, FilechoiEII LM HED L B
lk&EWﬁﬁﬁ%oi.itﬁﬁfiCPJ”imﬁﬁ%
EDTE <, WIBEETH 5720 L5 E D HIELRA BHTIC X
<ﬂméﬂfwﬁuL#Lﬁ%%ﬁiﬁ@n,LMLgﬁ
T OOWE CTHIHEEE, MTBLOEENC LT —F7
72 b IREOREDNS 5. SRl bIILSEYEIRT >
FE— FMRIZHATT A2 LICLD, HEP52A5Z &k
C ESGEZ SR CHITTRETH 1, S5 EWEIRT T
YAE—FEfHAT A LIS ) HERVZHTTEETD
=7z,

LUBT & U SRR T ¥ &~ € — FMRUZIG#ERTOBRA & L
TEMRARE L & b I BRE S T & 7248, AT
DHTHoTz. SHINABROKOEE, FLETE, &
BELZ OIS ShTED, EEROMRIZIREET
Y, EEREEORMEHINT STy, OSASOTUESE
fliidEe LT, BAEDE ZAbILbNAHAT L 723 P EiR

HAER R #6078 %1375
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(A)

T ¥ AMRITHT AT OIEEEEE O WAt o #iEt L 2fdid s i
T,

Al b OWETIZLAUPHEAT T O SN 5%k,
WHEEE A & DICHEEE S » TeeE L7225, TRIIKTP
L —F— TR EATA 358, SEeRIcs LTHEH
TholZ b wmET 5.

WRGEIE T AR A5 L 7k 1676 3 451 o0 4 i e MR e e v
DY S Mgk S WTHEi Rt X ~") bREDLD, Zh
WOFEHEIC L > THELABEICE W EF S Tunik
SOERIEE G OWR AW B holelcd b EZ ONS.

BAR 4 B2 B 1) 2 HGENE R OPL A TR IIZER 4 F112
W&o 723, Ik OIFEMED X Rk ORE
Bl oA 2 5] (Table 3 MCase 6, 7) & HiRFEzOH
B AR 20355 1 ] (Table 2 @ Case 4) (28 CHHEE
WETRE A LB RIZ T O £ 2 61 b, THO
BEVPEVER, Wi T & & DIREEGEE A
%ﬁ**I%h £ U CIEmRER R % i L < S iy ic &5
T ) 7o ) 1N TR SR & T U E SR (3 F R
53 ‘1"14 HEE 2 {Tdbl( 3 Mcase 6 &7) TIIKIIZER
EB L EREEORIE 2RO, ThidrnuFE k-
7‘;||fﬂifllll-.:7ﬁ BRI L R s kO#E® T hHICES T A
LD PME LB ISR A T A E W) T EE R
bMd, SHIZZOHEEM 2 #5l(Table 3 @Case 6, 7) Tl
FrBEAHIDNE & A EEE VBTN L T2 b
b6, MERFESaO, DICT AT, SFREEITIL I & 25
WZHEHL, SofEREReER lﬂ)iil"‘util-;{ﬁ- LTwh, IO
FERE LTI TOZ LTSNS, S NI
EFRILTICE ) ZOBIZBIZE L T z22s, Thlikleix

EHE 12411 H25H

i 2 % 757

A
/ '.’

n*‘l!

4 i

Fig. 7 44 years old male A: Sagittal Gd-T1-weighted FSI1(440/12)shows that the uvula touches the pos.terior wall of the pharynx and
the root of the tongue sinks.
B: Sagittal Gd-T1-weighted FSI(420/12)shows that the uvula is shortened, but the superior respiratory tract remains stenotic owing to
sinking of the root of the tongue. This causes obstruction due to traction of the shortened uvula.

H T & o 727z ) B & AL 72k 125 30 Bk oD AR TiE
Th Y, OO CIHEI A C X B2 6
B Eni-0TiEhwhEBbhs, Lo LiA#E1, 24T
FRATORIEOBIED R < 2 1), OSASHHIET AL Hn
bhTwb,

2D &5 AR T OPEEIERIT O 2 L% PHZEERAL & ff€

THRB 2 LA OIREEDRAEZ x5 —HEH L LTH
HTh Y, BICh D iGnEhE, WEZEHET 29 2 T
T 7o SRR T 3 AMRUTEH & Bz, L LR
Hbw{2hdbo7z. OFERHEKE TIEERMES S - T
b IHBESRE 22 L 22\ OMRIE H 2RI {8 T O B O SRl
FREETH Y, MBMEAFILE R, EATHEPHEED
B & AR VEFI TIZE— a ¥ T—F7 77 ML AHED
FHLHH L W OWSEHIEEETH Y, BUIHEH T 7 -3 — R
a— T E LB ETH o T2 ATRIE TG D
S RS A TRDWIETH B, T4 TFHHERHT 8 F
9: 9 2o 127 MR OB AN S o 12, A1RIEE
B ORI L Y Filr ol s X UHRiEOFHIIZ DWW T S
BIZEEL AT LT & 72w,

w =B

SEMITEAR T > AMRIZIERELNTH ) OSAS DPAZELRN 2
WrcEHHTh -7z, RO B X UEATOSASIZKTP L —
= TR 2R TR R AT R O N Fe R s K UM SR e
Wi e bICHEETHO. L LE0OBEERE®OS
HMOEFPREMEVKEVWEEZ NI,
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