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Abstract

Objective: In our department, we perform orthodontic treatment
with Frdnkel appliance (FR-II) and Twin-block appliance (TBA) for
children with maxillary protrusion caused by mandibular retrusion.
Dentofacial orthopedic treatment performed with functional
appliances are thought to promote harmonious facial growth by
changing the functional muscle environment around the developing
dentition. Both FR-II and TBA are functional appliances that
promote anterior growth of the mandible and have been extensively
investigated in many previous studies. Those studies on FR-II and
TBA have evaluated changes in the dentofacial morphology before
and after the use of the appliances. However, because no studies
have chronologically and quantitatively evaluated improvement in
the functional muscle environment around the developing dentition
after treatment with FR-II or TBA, this information remains
unknown. Therefore, in this study, we aimed to measure tongue
pressure and maximum lip-closing force upon initial testing and
during dynamic treatment in pediatric patients who underwent
treatment with functional appliances and evaluate changes in the
function of the tongue and lips brought about by functional
dentofacial orthopedic treatment.

Subjects and Methods: Children (n = 24, mean age: 9.5 £ 2.4 years)
diagnosed with maxillary protrusion at the Department of
orthodontics of the Ohu University Dental Hospital and who
underwent treatment with a functional appliance were included in
this study. The patients were classified into a FR-II group (n = 12)
and TBA group (n = 12). We measured the maximum tongue pressure,
tongue pressure during swallowing and maximum lip-closing force
upon initial testing (T0) and at 6 months (T1) and 1 year (T2) after

treat with the appliance. We analyzed lateral cephalograms, palatal



volume, forced expired volume in 1s (FEV,) and nasal airway
resistance. Then, the maxillofacial orthopedic treatment was
morphologically and functionally evaluated.

Results: The maximum tongue pressure in the FR-II group
showed significant increases from TO to T1, from T1 to T2,
and from TO to T2. The tongue pressure in the FR-II group
during swallowing also exhibited significant increases
from TO to T2 and from T1 to T2 (p < 0.05). The FR-II
group also showed significant increases in the maximum
lip-closing force from TO to T2 and from TI1 to T2 (p <
0.05). Meanwhile, in the TBA group, although the maximum
tongue pressure showed significant increases from TO to T1
and from TO to T2 (p < 0.05), no significant differences
were observed for tongue pressure during swallowing. For
maximum lip-closing force in the TBA group, significant
increases were observed from TO to T2 and from T1 to T2 (p
< 0.05). In both groups, the palatal volume and FEV,
significantly increased from TO to T2 (p < 0.05), and there
is no significant difference in nasal airway resistance.
Conclusions: Quantitative evaluation of tongue pressure
and maximum lip-closing force over time demonstrated that
dentofacial orthopedic treatment with functional
appliances corrected the function of perioralmuscles and

effectively normalized jaw growth as well as respiration.
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TBABIEIHMERBHICLLIAEREZRD Lo,

13



4. mRNDEMHEHD OZEL

X RKRABMAHENDORNEMEZ2 3 (K 4, 5, 12), FR-TI
BEIX T1-T2RI(10.0E1. 6N 5 11.0%£2.3N)KB X X TO-T2
Ml (9.2+1.8N 25 11.0+2.3N) THE LB %2 @& D -
(p<<0.025) ., TBA #H# bR ERLMBEmMEZ =L, TI-T2 [#
(10.0*+1.5N 25 11.0£2.3N) B L ® To-T2 M (9.1=*
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1.89+£0.30L) THERHE MR O (p<0.056) , F &,
TBAB & E MW TO-T2RI(1.74+0.28L 5 5 2.00+0.47L)
THEER2#EMERDEZ (p<0.05) ,

2) BFEERME O E b

SEFEERMEORIKEHEZLLE ST (X 9),
FR-T # %, P (100) In B W T, 0.41%£0.17 Pa/em’/s
776 0.38+0.11 Pa/em?/s i & { L 7= ,TBA B X, P(100)
In I % W T, 0.57+0.43 Pa/ecm’/s 7 B 0.47 £0.23
Pa/cm’/s 2k L 72 FR-II# B L R TBAR & b P(100)

N BEREZR DN 2,

15



1. E |k o %k

THHZBIZ LS LSEAMEORBEE®HEMIBEIL, 1900 F 4%
MBEETHEHREMERSEFTHINRER & IHK T L 0B
MERBLI VO~V F T I 5y VEBREWR TH o 120,
THORETAREER, MEHNLBBHIEE LYY, T
BERZzHEBT LS LIESEOSVWIBER CH o 7-, 1936
FILBEREINTET 2 F NP NLEHERKEICL D O0EE
o heFMHAIS L& TTFHEMEIKEORE?BEFEIC
ER I, 62, 149F T 727 F N —NLEHRBRL
7= Bimler @ 7 &% 7 &% — 8, 1950 £ I iX AN A F % — #
— AP E I, 1966 4 21X FR-II 2, 1982 4 (21X TBA
NEZRSh, BEOBEBRBRKICBY 2 HEEIBKICIT,
Becx REBEERNBEBEEENEBR I L CECWD, B xix,
WMERBBEH O THEZBICL DD EHMMEOHREICILHE &EZE
S/ FR-II £ 721X TBA % W T EEIREZ 1T\, 8
WaenEAEMORRE*®E 2, BFHEOAA#AMELE L T
a s

FR-T B X TBAIWTTHORI T ~ORELXTREZIHE D
tnwHrdkBEBREL O, TOFRBAFITIEZ D ,FR-T X
TEEBIUCHEEZHER T 22 CHTERHBEZTMNZ &
HL, Vorinryr—nRFiL-THEHAZHEKE OIFEMHEL
ATV, THEIGTESHa2R BT 522 & TT %A FH K
FRerRIBEMBEBEER Y ¢hH s, TBAIZ, £ 27 1 —
P4 v 74y T —vickbv FTHE %8~
JUOBEAXBRELZ2EELT 522 & CTTFHEOELK
RETOHEENSHE EE® Y Tb o,

AW RICHBIT D FR-I B L TBAIWK L 5 1 4B o %HEA
mEREOERIT, WEEN Yy 7 2BEETE SO
EM»H, FR-I # B L O TBA # &L 2, TO-T2 BT B W
T SNB, Facial angle, ¥ &£ ' Ba-Pog IZH E I H n L,

7
7 8B
AN
[

%

16



ANB, overjet I H B H 4 L7, Toth 5 ' X FR-II &
TBADWBEDRZFTML T, RBERKRHE L O LTI,
FR-MI # & TBABHE B THERKEIAECHML 2 &
HELTWDS, x4 XBEBESFMNE LT, TEERKE T
< Ba-Pog #H WP LEE L BN EZRDEZ MM E,
MEHTERZ2b00, RAHEIWCTHEOMNEKE Z R E
5HREHBRELEEZONE, I LIEK, TBA B XK
WBHR B L B L, FH-MP A F BEICHE MM L, FR-II # & M &
LT, THXKBE#EOCEHIC L2 THOEHEMBEKE N K
TNVt ERATWVWDS, ZhiX, 6 0O HHWwW7E TBA B I
overbite " K& VwlBEKE T —7 7 vy — RAThH H
¥, TBA O LSO NNA 7T vy 72 @ROICHAE L,
THRHHEZ2HHBSIELI L TCRABEOHEZ2 K - -
BRI D, AR O TBAHICEKBIT 5 FH-MP 13 F
BRhZDIRDDTFHERFRILTE, Thix, AR
overbite FTBEHBE CT RNV - T Iy — A ThHo
feled, TH ORI FHMoOBEREE2HM 2, EEHOR2RKE T
MR LEERLELEZLN S, Freeman 5 'Y X, FR-1I @
REHERHICLE2BEREHOFEMEZITY, REBERHE L LB L,
FR-I MBI THETORM AR EEZR D, AT 10 F %
bEELTWEERELTWD, RO 1HE % OIRIKE
MEL, FRA-RIBEITHOREFRAMABRENEFEL LT
., THMORZREAAILC D W THEASHLEEHN 2FTME L
BLEZILNMLD,
b o/ REHEELEZHETICRHL T, KADTHE
BIC X5 LHEEZEZOBRBEICEB W Tix, 48 8B E G KE
i, BOBB Lo CHBMBERLAER A %% ET
A7 T =V a2 BENEIE LR D, SR MEEREIX
BB RZRMCIVEREEROKELAETCH S, L D2
R L, A ~0BEMEN KRS, B OMBEBIEE L

7/

s

=N

C T O He
s

17



TFEODHRKEL2AE LD Z 0D, Hi#h ok
RO ENRMEMBEER>TWDSD, —FH, A7 7—alf
REINAFBFOREZEDT , FOBHBHICLDEE O LEN
AECTCH DI, BEOTHEZLBREMN I LBEDE OB H
ERARXKEIIEREROY 2708625 519 - Lo, YHEH
BHRETEZkLL2WVnwd, HEEFAICBWYW TEHERQE %
WXL ERIETCHDL EEZOLNRD, LEDZ &0
H, MENHF XL/ RHBMICHERBBEE LTV, B
MAaAFTMEREST D LT, WEOKEZ EEIT S
MO TCTEECTCHD LB X bR B, Clark™® X TBA
O AFEHIZOWWTHEL TEBY,lE OIEKZREH T
T THOREZR D, BEOWMME H £ 0RO R WVEH
T THEHBOREEIBELP2AREELI LD LB XTWD,
AW IE O TBA B O FEHHEEIX 10.0£3.1 % Th v,
Scammon D L E X B HMB T, Z OB ITTHET OKE I
SRHICIEET AR TH D LB, THO®E KL KE N
REINNLIZHFHICEBEZERLEEE XL LN 2,

% OENE R THDE, McNamara » '" | FR-II %
LEMMEMRLAEBE (FR-IAE) & RIGHEM OSHEE@TE K
LR, FR-I I FTHOAERZM IR E B &
CLELER O EOFMMEARNE THAEOEMMBEAR TR D
LB TWVWDE, AMEDOKEREZ A THDE, UL-FHIZB
W T FR-TI 8, TBA B L LICFELREZRXIR DT, LT
hE O EEN IR MERE SR C Wi, ETHE P EE O E @S
UoOMBEBRBRIEIERNKREGFEO THA /B & ICEE %L
Hz2z5HEEBEZON D, KM O FR-1I # & TBA # I B I}
5 TO® Ul-FHEB X O LI-MP X E®EM ARt @EATDH o
T EMMb, LT A OWEEMERFTDHLE T, THE
O BB ERN KT EBEIRLEZEEZL LML,

“y

R

18



2. OFBBEFEHEH O ZE 1k
OEZAXBEIXTFR-I &, TBAHE L HIZ TO-T2E THE R
wWon A2 b -, Primoziec » 'V XA EHEI B X OIR S F

e T, BEOHMNECHEVWVAERZREFEOEF L WHEN %
AT ZERRBOENEZY, ZOBMICLEOMEEEIE
BEITOIORNETCHDH EERRTERY, AHFRICE T D HEE
MBEBEEEBEZZRH VWEDERBEOG#BEOREIX, EF
R EHOBFERITZILEEECFELTWS LR RFREI N =

3.EHEE O E A

"R FEICEBW T FR-II #, TBA# & b i TO-T1 M B
FOTO-T2M CTHEREMAZR D 7=, Ozbek & ',
Iwasaki?® (X, A#EL KBEEFHKOFM O L E MW %2 T
fiL, BFEBRRKRBICEMBI LR L, THBOEFMEITAE
R BELBEELCWD Z xR LTEY, E3EEIOHM
FIERECEVFOELENFZFIRDILEHRERELTWVWD, &
ERXREH LE—20BERE LT, OERFREOHEMICEL
FEOZELEPRBINEZEDEZEZ DB N,

— F, TI-T2flick wTiEohbo 2o EICXSD
EAEEOELLOERMEMNE LY, FR-II B XA &E 2 #
R Lo HL, TBABCTCHAEBEZRIRDbh 2o
o FR-T B X TO-T2 1T 2 ) T 35.9+2. 4kPa £ TH I L
TWaoDlZx L, TBA B iX TO-T1 B © 35.3%5.2kPa &
THMLTWS, ZTh b ix, FR-I BT E 72 8m% 3R
D HZDWEH L, TBARKIZ, ZEEHEMAZ 6 00 LW HEVL
HHMcTaRRFRLHE M T2z rRLTWVWD, T 0O &L,
FR-TI Ny Ay —v FIZX Y486 o8 EE %2 JE K
LE#EKRKDS 2T 2 ) 0olck L, TBA ik kx ¥
W E > THWAHBEOIMKERD & WO EFEES D OIEK#E
FoOoEWIIDEEZONRE, 2DE 0, TBA BT k¥ F

Fi{..

19



FlE oMM R RicEkDFoE ERXBREHICMRER I, &
BEAH#Z 6P Lt WVWHI BRVWER TORELREKXNEE® £
ACHEOE->WnW & HE2 I,

W TR EHEICE W T, TBABECIIARREZRAD 22 o
oDl x L, FR-I & CTiX T1-T2/M & TO-T2 M THE
M AE R DI, FR-I, TBAR & b IR ARSG 21T
S, ETHPOUEMBEMZ%Z 2.0mm BB & TW 5,
— K, ERP IR EBEOHEMALEE TICE X 2B %
AEfE L, WA mEE O NI fE T R B B R 2SI L,
we T A OEE R o ¥ 2 O bhbnkkE#HELTWD, ZTh &
D, BEAEMEHLEZRBESITRMEMBM L L L, H T
kYW Fr L3RI hiIoEICET S &N TER
W7, ToxLIMIPEBLNLTCAERICITODAE L
Zz bR, Arakawa b 2P 3, FT o REEESHH E E <L,
PlLr—=v /7 coFEZFMLEBER, ML —=r
J 2BBMBBICBEBWVWTEEDODLEARR DO EHRE LT
BV, FOoOE@BHAEARTILEEFIFED LRICELN D L EF 2
bhil, &b, 1 BICHE T3 2 H£HX 500~2000 [ #
2 ChY, EBEERICBT LD VEMTDLHEY R
FOEBHNITOLDATWE Z B TFTHERIND,

ko zZ &b, FR-TY EEHBEBLEVWIEEEO L
D, HEOFEELEMNEARKITLHETHRHINLDN, TBAE O =
DL Y UyIRTEDLDRLTWSD Y, FR-1II & g L FZEE
EN b nwEEZOLNR, TBABIZKEWT, B TEETEOD
BERESDPB DNz RSN T,
AMEOPRIREREE, W TRHEEFEINRBEDHIC LA
Lz Etns, EMBEBEEBEBIEREBEOALRL T, &
WHEOBKEERL TWDEZ EE2RBL TS,

—
juili:S

4. mRXRAOEMBRHENDOZE L

20



AW TIiX, FR-IFER X OTBAM & b I T1-T2/H,
TO-T2 CHE 2B ME R DE, /¥ 652 13, Hellman
DA FEBFTEMICKLSAINMALITNIBO EHEAT R & H T 5 /b
DR RXKOEH#HAZHEBE LEBER, AELRE2R D R
ol HmMELTWD, A0 BEITINMA~IICE X £
ELTW3B Y, FR-TIEERL L OTBAR & b 2 & K 1O E A
ABREELRENMZR LI L, EBEBOBEDEIC K
bOThHhBHEEFE LN, £, /IMNE L IIAH U
ODERXKODEMENIKECLIIEEL2Z TR T, E
ERAE LB LA, LBEARBEITIHEWWEHREL TWDSH,

IFH o KRABHAEHNDOHER X A CTH D L, TBAK
TIX9.1+0. 9N & 11,02, 3N~ L, FR-IZ TI1X9.2
+1. 8N 5 11.0+2.3NF CH#H Mm% R L 7=, FR-IIEE THE
WMMEZ 3 LEZEE, FRIOEBBERTHLEL TEOE
BNOKREEZEBEHELCVDEY vy 7Ny FY 0 R TH
HEHgE ST,

\_—-
il

¥
il &

B

5. E B X OFEOEL
FR-IEBEFRICHEETENMER Do icx L, TBAR

TRHREBCAEELRENZ2ROEZ, FEEOCEHBR TR X L
5@, Zhbix, 2o0HEEBIC LS LEEY O KFIE
DENREEBL TCWBE LEE2bNDE, DF 0, LW oOMH7F

o

MR ML Rl kv BRI ik kT 5 TBABE I B W T,
HOBEREHEWEMLS LR LERXRFERSEICH R T
MR o, ZOZEPL, EEOLERITEFLEEO
AWML EAMDEL F%ﬁ‘ﬁbflﬂék%i%zhf: &k,
Z X LLET OB T, SRMoEFAM L EEEE®ED
B E M > CEML, & ok B & LETHBEO®
BOMNMBIZEOHEBEZ#E D 2 & R L TEBY, RE
ARl o BB W T, HIRE AT HE T % o Ei F R I

¥ O o fr

A
= ¥R
e

21



W, MiFICFEIREI L ERITEATNEORER L FH
hERETRL TV B,

T, FAUAPEINTE2AI=ALE2HEHT Z-H, F
ERSIBEELTWS HFAOFMZZIT > 7=, Taylorb
DX BERARBRBICED THOMT A ~OKEICH Y, F
FMAbLbAI T HICBB T LLHELTEBY, TEHREOKE
FmeEFEEMETIBEEL WD Z LR LTWD, & E
TIX, FR-IHERB L OTBABH E bICHFBFORGBRTHER
Wnx @R o7k, Uusoyb ¥ 37 7 F X — & — i fET#H D
FEMICD>WTHREL, 77 F X -4 —-FEH%OFHEOD
Al 7R CHEY, FEMLEEI T F BB LAEREL %
O LBRELTEBY, AR TCOEFOLTRICAE
nERATRDOD DO NE WVWIERIIT, B 0®HE L ITE
D, TNDHDEWIE, BaeBHWESENMOF R KU
FEHIEMP-FHT H 5 Oz x L, 5 1XSNFEmE & K U FE
meELTWLZERERTHLLD EEZObNLE, 41,
Bx BHWELoweb ' O FEx, HFBEMO LT &EICH
L CMP-FH2?» b O BBt 2 7 W L EFBHFNME2FEML WD,
EoT, FBEOLTRIECAEEZDNZ DL o 2 &
TERETHEEEDHEHL VWD EEFEKRLTWS,

AMEOER»SL, THHROBAKREFFM E FF O
BEMANESR T S LI Taylorbh *7 L MM EEMHEE F &
Lo TCHFHEEINLETHBELEBTONMNBEBERITRERM
e B EBFRBEN T,

Iy

p={ll

P

6. MUy R D EAb

1) ERKE IS W T

NECTCREOHKEMIEMICE T 283813, A mHEI
vy AHRBAEEEEZHVWEKBEOFEM ' 2T L, o

—rE—barvia—FWHBEREELTHWEZIKILHFE

(

22



e 20 32738 Y Fr R FEERAVWTIITbALTE 2, =
—rvE—LharvtEa—JHBREEIC L D3R TAGFM
THEBEERREWVWED/ND R CTCOBEERBRBIERATE TO
A EMITE L v, SearsH * I, EET = v 7 XK
HiEEHEHLta— v E—bharyPPa—FHBEREEIC LS
KREOHBENFMET R, AIBEST v 7 ZHHA
BEEICXADEMENE a— v E—Lbarta—FKE

FEECLIIEBEHBCREOHEBER2 T 2 & 28R E L
TW3, ZOZ &b, AR TiELoweb ' O FEK
L CRBEOR EXEOFEMEIT - 2,

F O R, KB CIFR-UA, TBAR & & i BE & A
T ®» b5 SPAS, MAS, 1AS, B X O, mME#HM TdH 5 M A
E¥, WEHEH, WHEH FHOL2TCTOHEAIKLBWTHER
WinxERD L, :1»—‘/1:~A:1./I::L~5’IJTJ%THL? A
AMWT, TBAB B XRFAHICBITILIREOCOERZ I
# L 7~ Hanem® *¥ I, TBAM T E B RFEAHAH L LB LA
BlHEMLEZEHRELTCEBY, RHFRICE W TS FEEKR
BMRERLTWVWD, 2O LY ICHENEEBEEBEICXDY
[RERAERLEZEE, THOMFHRED A EICHE ML
e Z ik, %E?ﬁ%kbh&%x%hto

— 7, AL FRAEEBS vy 7 2AHRAKLTE LAV
T, TBAE AEI % oK B O L & MW LML 2K
R, SPASH O AR ELREMEz s LIZLEHELTEL,
xR LEIBRRL, oo BRICE W T, fitdXE
HAHCAEFELRELELPRBR Db o2 & X, THOD
HEBODE, TORTIRLFPOBERNIEEL TWDH L IH
23N b,

AR OBRIL, MEVHEBEEEBLZMERN L T O A
FREMNEGELANALE, REEEKKRKT I EERLTWE
L%, IHLICEH R KE SEEMEEMEZ 1T 5 & & b i

i

23



JBEEEFEORETILoBEEHRIZOWWT M L TUW X /-
VY,

2) AN v A MY =22 T

T, ARG LT o %E M E R SRR E
e B (LA FTOSAS) BB Ih CWwWb, Baikb *" [k ak
ANDOSASE H T 5B FDSNBIZ/INEL, THO%E%
AT EERBFELTCVWS, ThI THEBZEBIC LYY %8 %
RETLHEHDTHY, REETMNICFTHEHOM I KE & (£
LABEBORREEZEET A5 L T/HhIROSASO F 5 28 H 3k
AREMENH D, £, EyckbH *%) 1T/ R OSASE & E E
3T I, SHEMOFEViZ IR L7/ E, OSASO &
EMNENRDIToH T, FEViIBRIET T & TW3CZ
Mo, FEV{IZOSASEBE<SBEHELTWS E X b N,
CTCTHREMNERB EEBICLID THOR KR EICH I
MR DM AT 5B, A4 1 A U — b B HX
N HFEV, 2z &KMIZHE L &,

FR-NII#, TBA# & L ICFEV A E 22BN % 5 L 72 AW
D RIT, THOR AR ERICHE I KE O KD, IR
BEODHKEBIZLFLE L TWDEZ LE2REBLT WS,

2, HMEEZENLEBERIBEICEL 2 FREEOD
HIR5MNAZITHI>LELH D,

B X e

A e

i

AN
=

=N

|

3) EFEBRE O ZEZILIZ DWW T

REEEMNO LEMBELYAFE ST 2B RICHIET 50 K
X, DEMFAHAFA2 % 4 U, overjet® H M, Lt Bt 5 o 3k
%, MP-FHO Rl & Wo B REFEEICKx R ER L L
2D ENRHEEHN TV BT Sabashi b P (X B BB
LaEzEbRvwvHEOoRRKDERHLZER L, &M %
b VWEHEIYV LEARGE, RXOBHBE DL EH E TN

24



T, BEEMMBEIREVVERELTVWS, £k, B X
DNEMBM#HENDEEEERBEOCHMICACHEBELZR Y, BEMN

HErBaEalEoBELREEIZONCTHR T WS,
EXEEFHO LEHEAZEoARARIZ, BRERICLY BFEB

ROBMHEINTLALT , DWmH2AEL TWVWD EE XL
h, Y& TIFR-I, TBA: b ICHEBEEER IO BEHAHEZ
I )y 7yr—nr2BRICERLTWSE, £ Z CTHED
FHEEEBILILIIFEREREREIIEEBIECLEE 2 5 %
B0 TRV EVWIRBEZRELT, BEERMEHNZ
T » 72

HAFE2HFso2BBREMNEETA FI7 A4 2 &
5L, BAAOEFRAOEHEEEALMEITE X2
0.25+0.10Pa/cm’/s& E®H TE YV, BKKI00PadD & K
#1‘5%“:?&*%‘1,(»\57‘:&), KBHRIIZB W TH KK
100Pa0>§?aﬂ EHEaesE L LY, LrLeBNb, /h
Y o & E #1 DEEBERIZVVELTED LR TRV,
Kobayashib“) i, BARAO/NRBICE T 2 5 EEKRE
PHEELERKE, THO0.45+0.70Pa/lem’/sTH » 7= &
£ L TWbhH, KWFEOFR-NIBE, TBAR 244 O TOD E B
BB fE 1L 0.48+0. 32Pa/em’/sT H Y, Kobayashib **)
BELEELRAMEEL*2ELTCWVWELNERKELET2TIX, FR-II
B, TBAH L bW EREEREOCREREZETRD b 220
o = N, FR-UEE, TBAB G244 ®T2D ¥ ¥y 8B FE K &t 8 X
0.40%0.19Pa/em’/s& WA M %2 & L T Wiz,
Quadrellib *® (X, HHEEBLEXEEL*MFALLE THS
ﬁ%@:iéi%ﬁﬁﬁ%@.ﬁmwﬁﬂé_ﬁ{ﬁ%ﬁwﬂﬁbfcﬁ%ﬁ%,
THOMFEERRDEbOD BRERMBEICHE R E 12
BbbhhrolbtdXTEL, ZISE?W@TF%&FH%?&
WRE2RLTWS, ¥, TERARKIIEEERIMED
7= B % i L7/ Lopatiened *® & & % &, -%‘-ﬂ%_ LE X

25



3 F D #FEE R, overjet IE D FHH B A B H, Angle I#
HlLAngle IR O BEERNEICAEREITRD AL -
lme®mE L TWwd, —F, Halicioglu®b '™, Magnusson b
WO, REBEREBEAMBZ O BEEME L TG L,
SREEREEFHARBISEEREXB L T2 2 27 L,
INEEERREBLCLIVBEEABIBERT 220 Th
DEBATWND, T b0 &b, 21K MEITEE
FOMBIRICEDIZEBEBPNRENWEEZ LR B,

AW Tk, FR-IE, TBAH L b IZEARFEERRNE O fF &
RETR DL ok, ZTHIEIFR-IHE, TBAK & & I
mERIEREB THLINLDL EEZEE XL ONTE, LK TAEE
PRR &R R E W I IR T OE WD R EIKE O
I ELTWD EHERINE, XAFEORIEKRRME
BRM#%EOBRIT, BAMBEmAERL, FEVOSEENRD
bRl &, BMEOHEL S LT A EMESRERI
i,

SHROLVEREBFHOBERBBEICE W T, BEMWT
fli > H 26T b OMEDNRIEMAEEYICITV, /N
HoBEELZRE LEBEFRBEELRMEL TV EEV
ExTWa,

Hh

oz

¥ 2A,
=] [eli]

BEREMBE B ERE CH H5FR-IIE TBAZE A L - T 9
BRBICEID LHAMROEREEEFHOBREICE W T, &IF,
KRXKAEBMHEN, NEARAE, TEOERERE LA KKK
BHoFEMEBEROICIT> 2 ETUTORG@MESE,
I.FR-II# B X O"TBA# & b I & K& FE, W F B & E,

ERAXKODEBRHODIBRBEOCHE N LEZZ b, 9@E

WO SEO LRSS OEEBEGOEE 2 kE L

TWDH T EPHLMNE R -,

26



2.FR-IIHE B LT O TBAFE ¢ b IR EOWEAER X O HEHME QM
BEEMICH KL, FEV, b ELREZENNDL, FEKHE
DHEBIZHFEL TWBZI EBRREB I N,

T AR R ORHE
AMAEOEFT O —HWiX, FTTSEBHABLEHEBAZS XKE
(F 28 11A8A, ER) , FEIEBEP XKFEFR
(29 6H17TH, B BR), H76E A XBEEHRBFE=
RKe (FEH29F 11A 208, E) CBWWTEERL L,

| f& AH K
A X LT, BB+~ &KHERKEEN,

27



X Wk

. Proffit, W. R. : Equilibrium theory revisited factors
influencing position of the teeth. Angle Orthod. 48 ;
175-186 1978.

. Moss, M. L. : The primacy of functional matrices in
orofacial growth. Dent Pract Dent Rec. 19 ; 65-73
1968.

. Brodie, A. G. : Consideration of Musculature in
Diagnosis, Treatment and Retention. Am J Orthod. 38 :
823-835 1952,

Graber, T. M. : Orthodontics. principles and practice.
2nd ed. PhiladelphiasLondon, W. B. Saunders Co.
317-354 1967.

. Bresolin, D, Shapiro, PA, Shapiro, GG., Chapko, MK,
Dassel, S. : Mouth breathing in allergic children: its
relationship to dentofacial development. Am J Orthod.
83 ; 334-340 1983.

. Iwasaki T., Sato H., Suga H., Takemoto Y., Inada E.,
Saitoh I., Kakuno E., Kanomi R., Hayasaki H., Yamasaki
Y. : Relationships among nasal resistance, adenoids,
tonsils, and tongue posture and maxillofacial form in
Class Il and Class IIl children. Am J Orthod 151, 929
940 2017.

. Friankel, R. The treatment of Class II, Division 1
malocclusion with functional correctors. Am J Orthod.
55 ; 265-275 1969.

. Clark, WIJ. : The twin block traction technique. Eur J
Orthod. 4 ; 129-138 1982.

28



8. Clark, WJ. : The twin block technique. A functional
orthopedic appliance system. Am J Orthod. 93 ; 1-18
1988.

9. Primozic, J., Farcnik, F., Perinetti, G., Richmond, S. &
Ovsenik, M. : The association of tongue posture with the
dentoalveolar maxillary and mandibular morphology in
Class IIl malocclusion: a controlled study. Eur J
Orthod. 35 ; 388-393 2013,

10. EHRR, KEELC, RAEH, EMHERE, RE
E=F, NBEH, o4&, tEXKE - MR oDETM
HAOwBEMIT o405, HIRWEEE 42 ; 436-440 2004.

11. Lowe AA., Ono T., Ferguson KA., Pae EK, Ryan CF.,
Fleetham, JA. : Cephalometric comparisons of
craniofacial and upper airway structure by skeletal
subtype and gender in patients with obstructive sleep
apnea. Am J Orthod. 110 ; 653-664 1996.

12. AARMFERFaMAEABREMETESRW I. AN M 1
APV =ty —FY) a2— K @GBEFEDOEE.
NMREgERENA NI AL vr—2A 41 A MY —, 7m0
— AV a— LHgh#R, IS EN—. 12-19 AT 4 A
Vb o —f K 2004.

13. Toth, LR., McNamara, JA. : Treatment effects
produced by the twin-block appliance and the FR-2
appliance of Fridnkel compared with an untreated Class II
sample. Am J Orthod. 116 ; 597-609 1999.

14. Freeman, DC., McNamara, JA., Baccetti, T., Franchi,
L., Frinkel, €. : Long-term treatment effects of the FR-2
appliance of Frdnkel. Am J Orthod. 135, 570.el1-6 ;
2009.

29



15. Proffit, WR., Phillips, C., Douvartzidis, N. : A
comparison of outcomes of orthodontic and
surgical-orthodontic treatment of Class Il malocclusion
in adults. Am J Orthod. 101 ; 556-565 1992,

16. Mihalik, CA., Proffit, WR, Phillips, C. : Long-term
follow-up of Class Il adults treated with orthodontic
camouflage: a comparison with orthognathic surgery
outcomes. Am J Orthod. 123 ; 266-278 2003.

17. McNamara, JA., Bookstein, FL., Shaughnessy, TG. :
Skeletal and dental changes following functional

regulator therapy on class Il patients. Am J Orthod.

88 ; 91-110 1985.
18. Primozi¢, J., Perinetti, G., Richmond, S. & Ovsenik,
M. : Three-dimensional longitudinal evaluation of

palatal vault changes in growing subjects. Angle Orthod.
82 ; 632-636 2012.

19. Ozbek MM, Memikoglu UTT, Altug-Atac AT, Lowe
AA. : Stability of maxillary expansion and tongue
posture. Angle Orthod. 79 ; 214-220 2009.

28 Iwasaki T., Saitoh I., Takemoto Y., Inada E., Kakuno
E., Kanomi R., Hayasaki H., Yamasaki Y. : Tongue
posture improvement and pharyngeal airway enlargement
as secondary effects of rapid maxillary expansion: a
cone-beam computed tomography study. Am J Orthod.
143 ; 235-245 2013,

21. Brieden, CM., Pangrazio-Kulbersh, V., Kulbersh,
R. : Maxillary skeletal and dental change with Frinkel
appliance therapy - an implant study. Angle Orthod.

54 ; 226-232 1984.

30



22, HREW. c REBBEOWEMMA W T OE G HE
B, THHE, REAABE, B X OWTRERICS
2 B®. AR RESY. 90;31-37 2016.

23. Arakawa, 1., Koide, K., Takahashi, M. & Mizuhashi,
F. : Effect of the tongue rotation exercise training on the
oral functions in normal adults - Part 1 investigation of
tongue pressure and labial closure strength. J Oral
Rehabil. 42 ; 407-413 2015.

24. C.S.C.LearJ.B.FlanaganlJr., C.F.A.Moorrees. : The
frequency of deglutition in man. Archives of Oral
Biology. 10 ; 83— 99 1965.

25. MNERM, BILEHL, MEAEE, 8 KK, e
AE, REELC, R &, T BE, FEBFA : AR
DOREMAENICE T2 . Hel FRAICET 5 /D
B AETORRODEHADOHES . R #EE.
47 ; 568-575 20009.

26, mE o, 8 MM, Roaole, BEER —, &}
fE BREawIBACBITLIAERSEFOEMICET S
SRRFE M. RABERF. 23;3~10 2015.

2T. Taylor M, Hans MG, Strohl KP, Nelson S, Broadbent
BH. : Soft tissue growth of the oropharynx. Angle Orthod.
66 ; 393-400 1996.

28. Ulusoy C, Canigur Bavbek N, Tuncer BB, Tuncer C,
Turkoz C, Gencturk Z. : Evaluation of airway dimensions
and changes in hyoid bone position following class II
functional therapy with activator. Acta Odontol.Scand.
72 3 917-925 2014.

29. Ozbek, MM., Memikoglu, TU., Gégen, H., Lowe, AA.,

Baspinar, E. : Oropharyngeal airway dimensions and

31



functional-orthopedic treatment in skeletal Class II
cases. Angle Orthod. 68 ; 327-336 1998.

30. Sheng CM, Lin LH, Su Y, Tsai HH. : Developmental
changes in pharyngeal airway depth and hyoid bone
position from childhood to young adulthood. Angle
Orthod. 79 ; 484-490 2009.

3.1 Ali, B., Shaikh, A., Fida, M. : CHANGES IN
ORO-PHARYNGEAL AIRWAY DIMENSIONS AFTER
TREATMENT WITH FUNCTIONAL APPLIANCE IN
CLASS II SKELETAL PATTERN. J Ayub Med Coll
Abbottabad. 27 ; 759-763 2015,

32 Hanem y Elfeky., Mona M.S. Fayed, :
Three-dimansional effects of twin block therapy on
pharyngeal airway parameters in Class II malocclusion
patients. Journal of the World Federration of
Orthodontists. 4 ; 114-119 2015.

534 Sears, CR., Miller, AJ., Chang, MK., Huang, JC.,
Lee, J.S. : Comparison of pharyngeal airway changes on
plain radiography and cone-beam computed tomography
after orthognathic surgery. J. Oral Maxillofac. Surg.

69 ; 385-394 2011.

34. Mattos CT, Cruz CV, da Matta TCS, Pereira L de A,
Solon-de-Mello Pde A, Ruellas AC., Sant’anna EF. :
Reliability of upper airway linear, area, and volumetric
measurements in cone-beam computed tomography. Am J
Orthod. 145 ; 188-197 2014.

356 Feng X, Li G, Qu Z, Liu L, Nidsstrom K, Shi X-Q. :
Comparative analysis of upper airway volume with
lateral cephalograms and cone-beam computed

tomography. Am J Orthod. 147 ; 197-204 2015.

32



36. da Costa ED, Roque-Torres GD, Brasil DM, Béscolo
FN, de Almeida SM, Ambrosano GMB. : Correlation
between the position of hyoid bone and subregions of the
pharyngeal airway space in lateral cephalometry and
cone beam computed tomography. Angle Orthod. 87 ;
688-695 2017.

37. Baik UB, Suzuki M, lkeda K, Sugawara J, Mitani H. :
Relationship between cephalometric characteristics and
obstructive sites in obstructive sleep apnea syndrome.
Angle Orthod. 72 ; 124-134 2002.

38. Van Eyck A, Van Hoorenbeeck K, De Winter BY, Van
Gaal L, De Backer W, Verhulst SL. : Sleep-disordered
breathing and pulmonary function in obese children and
adolescents. Sleep Med. 15 929-933 2014.

39. Bresolin D, Shapiro PA, Shapiro GG, Chapko MK,
Dassel S. : Mouth breathing in allergic children: its
relationship to dentofacial development. Am J Orthod.
83 ; 334-340 1983.

40, Mattar, SE, Anselmo-Lima, WT, Valera, FC.
Matsumoto, MA. : Skeletal and occlusal characteristics
in mouth-breathing pre-school children. J Clin Pediatr
Dent. 28 ; 315-318 2004.

41, Pirild-Parkkinen K, Pirttiniemi P, Nieminen P,
Tolonen U, Pelttari U, Lépp6nen H. : Dental arch
morphology in children with sleep-disordered breathing.
Eur J Orthod. 31 ; 160-167 20009.

A3 . Sabashi K, Washino K, Saitoh I, Yamasaki Y,
Kawabata A, Mukai Y, Kitai N. : Nasal obstruction
causes a decrease in lip-closing force. Angle Orthod.

81 ; 750-753 2011.

33



43. WERE, TE®E -/, Bh R aFE&HIEDE
/% (Rhinomanometry) # 4 F 7 A4 . A &3 40 ;327
=331 2001

44, Kobayashi R., Miyazaki S., Karaki M., Hara H.,
Kikuchi A., Kitamura T., Mori N. : Nasal resistance in
Japanese elementary schoolchildren: determination of
normal value. Acta Otolaryngol. 132 ; 197-202 2012.

45, Quadrelli ,C., Gheorgiu, M., Marchetti, C.,
Ghiglione, V. : Early myofunctional approach to skeletal
Class II. MONDO ORTODONTICO. 2 ; 109~ 122
2002.

46. Lopatiene, K., Babarskas, A. : Malocclusion and
upper airway obstruction. Medicina (Kaunas). 38 ;
277-283 2002.

47. Halicioglu, K., Kili¢, N., Yavuz, I., Aktan, B. :

Effects of rapid maxillary expansion with a memory
palatal split screw on the morphology of the maxillary
dental arch and nasal airway resistance. Eur J Orthod.
32 ; 716-720 2010.

48. Magnusson, A., Bjerklin, K., Nilsson, P., Jonsson, F.
& Marcusson, A. : Nasal cavity size, airway resistance,
and subjective sensation after surgically assisted rapid
maxillary expansion: a prospective longitudinal study.

Am J Orthod. 140 ; 641-651 2011.

34



B 3 @ fig 3

It

B 1. FR-IT 2 FRFoOoDEARNEEBILIUCERBRO 5 E
K 2. TBAEEZERHROODENSERE
B 3. MEEIM = v 7 ARBAEKTEOFNIHEEH
1. SNA 2.-SNB 3. ANB 4. Facial angle 5. FH-MP 6.
Gonial angle 7. Ba-A 8. Ba-Pog 9. Occ.P. 10.U1-FH
11. L1-MP 12. Overbite 13. Overjet
X 4. Y — T 2 A ATV EOERBOEHF kL

WEEsER (Y A) LEL¥YRE (Fm B) 20 #F &
OBRERMNmERELLE, FEH AETFEH BIZX v #ERsH B
PEHOKEEZDERM (FEHE®K) & LTHEHLE,
YE A Z2HHEOCOHEABOREBAZHEALZREL Y E
Ym B ELAMEEE - KRHHBEOHKFAHBmELRD 2 A
BV, WEBMFEEmICcS LEERTFE
B 5. FE O W E FHIE

NN —=—rAREEHEHF(IMSEFEMW E R/ IMSH . Tokyo
Japan) Z W THRARKEFERB I OCWM TR EEL B E L 2,
FH Y H 2 KBEIZFEFTICLEEMERBIZCANVL— v EQO

NicHE AL, BEY) vy 782 ETFTHEBPOERTCEILSD
DI TAN— Vv E O EMERGHICEEL L,
6. m KABMHEHEDOWEF Ik

F B8 M ZE#% (LIP DE CUM® LDC-110; = & =% &

%"%H:ﬁziz,Tokyo Japan) T AW TR KD EMHHENZ A E L
. FHEYmMZKRBICFITICLLEMNMZREICTCHERE XA
BEORBICEEL, REHKRAMLICBT 2HRXOEMHHED
z flE Lz,
B 7. [RiE, ERBXOCEF O HHTFE
1. RN E® HFalk&E - L& (SPAS) 2. KA HE®PL A
R E-TH#H (MAS) 3. H IR AT & E (IAS) 4. &

M o B

framd

H
T

b
=
=]



5. # K 6. ¥ FEI#E 7. FHF oL TR 8. WE L
W09, HEE P E 10, WAEE FE  11. F E M

B 8. A4 X Y —DREFTEL XOCE X
< )V F 7 vy a F AN A 12 A — X — HI-801
(CHEST#® ) ZHWTA XA 2 A Y —%2HELIEL,
BHARBEMICLEBEBMNERICC, FEViZEHLE,

B9 aFEXEOWMEFEBLTE-KEMBR~LTF 7
7y ¥aFtmvAN AL A — & — HI-801 (CHEST #: #)
FAVWTEBEEREZNE L, BARBEAMIC L - EMNE
BT, WK KO 100Pa m O MELHEMHL =,

10. # & F &

TO: IR AER, TIEBREE DL 6 A Fmk, T2:1
4 ORR R

B 11. FE O & k89 £ 1k

12. "R KR EHAH T O RENZE

xF B FH O 4y A

FR-TI BB T2 EE 7 7 2 45 8 o & Al A
.TBABICEB T A2Mmt 7y e o8 ofHHE
CFR-ITHEOFEB LI UORRKOBEHSA T ORENZE L
CITBAB O HEEB LUK RXKAOBHAMEDOREMNZEL
. FR-I B L O TBA OO ERBEO &R EL

. TBABHIZRB T 2XKE, B XOCEFF O HE
CFR-MT#EICRBT AR E, B8 L OEHEFE O H A ME
FR-II #f% X O TBA ® FEV 1 & & @K E O & F Y

e
—

MR R ORE RO M X M

© o =9 o O s W N

Rt
=~



%75 EH

K1.FR-IEEFEOOIENEERIVEBENDEE

LRyl 2. Dy FrigF YyorHsr—nr







X3. {AEEEHT v 7 ABREEEDFHEITER

I.SNA 2.SNB 3.ANB 4. Facial angle 5. FH-MP 6. Gonial angle 7. Ba-A
8.Ba-Pog 9.0Occ.P. 10.Ul-FH 11.L1-MP 12. Overbite 13. Overjet



M4, y—T =4 RET )N L OERBEOEHFE

EEEHTE ((FmA) &EOFE (FEB) 20FL0EFmEERE LT,

FHAEFEBIZL VBRSNS OFHOEEL DE2R/E (FEMEK) & LTEHLE,
A 2 HE O EERDRIR S % AT EE

B : EAR EFEE-RKAEOEENRELSD 2 22 @Y, BEHEEIC LEER R




5. HEDRIESIE
}§}T/_ yﬁ%}f?ﬁ”'ﬁ:’% (JMS%‘E@UE%; JMS;F:t Tokyo Japa.n) %Jﬁl{ \—C%k%t_t‘% c]: UQ@gE—FH#E‘E %?ﬂ”ﬁ '[./7'-:0

FHY I % R FATIC LI BERLESIC T — R ABEMICRA L, BRY v /8% E TR IE << b
2B L TAN— % OBFERERTFICEE L,




6. FAHOEHEIDOREIESE

H/EFAR JHIESF (LIP DE CUM® LDC-110; = RXEEt#+L8, Tokyo Japan) A\ TR AKDERE I ZHIE LT,
FH>6ATE 2 PRENZ EATIC LT BRI TR E IR E Y OBICEE L, WHEREMLICBIT 2R RKOEHE N EHIE
Lo




M7. K8, ERIVCEEDODITEE

1. SPAS 2. MAS 3. IAS 4. T 5. 5F 6. HEEEIRE T.EFOLETE
8. MHEE F¥8 9. MHEAAER 10. MHEE T &6 11. FEfE



=& (L)

o BRI

1#& (FEV)

Y

€—>
1%
B RIEENL

G

0

8. AXA X b —DRIEFER IR R
< IVF Ty aFaARf n A—F— HI-801 (CHESTHHE) ZHAWTANAM v A NI —%HIE LT,
HAREENLIC LT B3I C, FEV,Z2EH L7z,

_— = - —— - —_—— — —



V: JiEEE (em3/S)

4. (Ex : Expiration)
100

AP : [E7#E (Pa)

%, (In : Inspiration)

X9. EFEESEDOHIEHIER X OE-IREHR
e VFTr I aF AN, B A —F— HI-801 (CHESTHED) #HAWTEEEFELRIE L,
HSREENLIZ LT- RN RN T, TREFD100Pa R DEHEZEH LT,




FIE -k 1B
v v

[FRHE% TO| «e=—> |T1| «—=—> | T2 J

Wilcoxon signed-rank test with Bonferroni correction

TBAE* TO| €«<—> | Tl | €—> | T2

&7 7 ust AEEE BEESUE-FEV,

{FRHﬂ‘i TO < > | T2 ]

Wilcoxon signed-rank test

X10. #EtFiE
TO : FIEIRRER:, TI:EEEENGDABBER, T2: 148K



T0 T1 T2 TO T1

Comparisons by Kruskal-Wallis and post hoc Bonferroni correction
FR-I 7% : @@  x : <0.05 TBAZE: @l T . <0.05
NS:Not significant

11, FEDEEFRIZAL
T0 : MIERRER:, T1:ZEEIENH60ARGE, T2: 1FRBE

T2 AIERH



135 -
13 - I

125 - 1
12 -

L5 - T

11 -
10:5: = I

[8e]
b

TO T1 T2 B ERFH

Comparisons by Kruskal-Wallis and post hoc Bonferroni correction
FR-TI#f : @@  * :<0.05 TBAZE : @l T :<0.05
NS :Not significant

B12. &K OB OREIHEL

TO : FIEIRRZERE, T1:EBEEEN L6 A BGER, T2: 1FEFEEF



Fz1. MREOHEE

FR- I TBAEE

FR- I #VS.TBARE
Mean SD Mean SD

NP EE G
() 9. 1 5.7 100 3.1 NS
Rohrer 124.5 23.6 124.1 17.8 NS
index
BMI 6.6 3.5 169 2.4 NS

Mann-Whitney U test NS : Not significant



2ERH1:0L HEHHED - 0L

JUeOYTUSIS 10N : SN co0>d:x 153) yUeI-pausIs UOXOI[IA
* €1 7 8 €9 (wur) 19(10AQ
SN o | £ LT 8°¢ (W) 9GIAQ
SN 8¢ 9°¢l 8°C 9°¢l (o) d ™0
SN G 9 G 96 09 0 "G6 (o) AN-TTT
SN VG 8¢l L e VIl (o) HI-IN
* v°9 8 6. 8°G 88 (wur) Sod-eq
SN LS 968 1°6 G 88 (wur) y-egq
SN S A 1Al L9 S ¥vel ( o) °[3ue [ETUOD
SN ¥ € 1°6¢ L% € '6¢ (o) dN-HA
* LT G 78 02 € €8 (o) o[3ue [eroe]
* 7! 0V 9°1 GG (o) ANV
% 9°¢ 1°LL 0°¢ G°6L (o) NS
SN G°¢ €18 9°% 0°I8 (o) VNS

das UBSA as UB3IA
¢L'SA 0L m— —

el o L £ 3 H[H S OSEAFH T ¥ T2



#3. TBAEfIZBIT AHlEE 7 7 v o OFEIE

10 e TO VS.T2
Mean SD Mean SD
SNA (°) 80. 5 2.1 80. 8 2.2 NS
SNB (°) 13.9 2.2 75.5 242 *
ANB (°) 6.6 1.6 5.1 1.5 *
Facial angle (°) 83.4 2. b 84. 3 2.7 *
FH-MP (°) 31. 3 2.8 32. 1 2.4 NS
Gonial angle (°) 123.5 4.3 124.8 4.5 NS
Ba-A (mm) 87.6 3.4 89.0 3.4 NS
Ba-Pog (mm) 15,7 3.9 79. 2 3.4 *
Ul-FH (°) 114. 1 6.4 115.1 4.3 NS
L1-MP (°) 95. 2 3.2 96. 1 3. 7 NS
Occ.P. (°) 13.9 3.4 13.8 2.6 NS
Overbite (mm) 2T 2.4 2.3 2.2 NS
Overjet (mm) 7.0 3.1 4.4 2.5 *
Wilcoxon signed-rank test *: p<0.05 NS :Not significant

T0 : FERERE, T2:1ERIBR



#F4. FR-IBHOEFEER X ORKOEHAE S ORRFHE

FR- I &%
To Tl T D
SHITE B Mean SD Mean SD Mean SD TO VS.T1 T1VS.T2 TOVS.T2

AR EE 97.8 4.7 31. 3 4.1 35. 9 2.4 " 5 5
(kPa)

TR 15. 0 4.7 16.9 6.1 23.0 5.4 NS 5 *
(kPa)

K D(’;E;)E’%ﬁjj 9.2 1.8 10. 0 I 5 11.0 2.3 NS * s

Wilcoxon signed-rank test * : p<0. 05 NS :Not significant
TO0 : FIEIRER, T1:REFEED L6 ARBR, T2: 1FEBR



#5. TBAEOEER L& KAEASH 1 ORI

TBARE
TO T1 T2 p
FHEITE B Mean SD Mean SD Mean SD TO VS.T1 TI1VS. T2 TOVS. T2
RAREE 26. 3 3.4 35. 3 5.9 37. 4 5.0 * NS *
(kPa)
BT RS E 13.2 3.5 14.5 4.2 16.0 4.5 NS NS NS
(kPa)
B D(ﬁ)%ﬁjj 9.1 0.9 10. 0 1.5 11. 0 2.3 NS * %
Comparisons by Kruskal-Wallis and post hoc Bonferroni correction * : p<0. 05 NS : Not significant

TO : FEEER, TL:EBEEZENO60HRBE, T2: 15816



%#6. FR- [ #:1 L UO'TBAD O ERFFE OREBHZE

FR- I &% TBAEE
TO T2 p TO T2 p
FHAITE B Mean SD Mean SD TOVS.T2 Mean SD Mean SD TOVS.T2
o
Ddiéiﬁg 5006.6  469.0  5229.7  483.1 * 4915. 0 250. 8 5300.6  356.8 *
Wilcoxon signed-rank test * : p<0.05

TO : FEIRRERE, T2:1ERBR



#£7. FR-IEIZBIT55E, FRBIOVEFDOHAE

TO VS.T2
Mean SD Mean SD
SPAS (mm) 11. 86 4.1 12. 5 3.1 %
MAS (mm) 12.5 2.7 14. 4 4.5 %
IAS (mm) 8.4 1.7 9.5 1.5 *
AR, DLty
EEARE 4 5,1 34. 1 3.6 *
(mm)
EFED ETE
o 9.4 2.3 10. 4 4,2 NS
== (mm) 33.1 5.5 35. 1 5.3 NS
EHE& (mm) 66. 1 i % 69. 8 7.1 *
NEEE |
Eﬁﬁjipﬂ 141.7 48. 6 163. 6 53.5 *
(mm®)
NEEE Hh
EFEEFZI”IS 380. 0 102. 8 479, 7 130. 8 *
(mm*)
1] i
EEEWE”B 134.5 79.6 183. 4 131.1 %
(mm*)
%Eﬁﬁ§§ 2112.6 340. 2 2556. 6 608. 4 %
(mm*)
Wilcoxon signed-rank test * : p<0.05 NS : Not significant

TO : FEIREERE, T2:1FEFRBE



8. TBAEEIZBIT A2KE, &8 LUEFOFENE

TO T2
TO VS.T2
Mean SD Mean SD
SPAS (mm) 9.3 2.5 11.7 3.4 *
MAS (mm) 11.0 2.7 2. 8.2 *
IAS (mm) 7.6 2.5 9.5 2.2 *
%E’ﬂfé 81. 2 2.5 34.3 3.0 *
%;ﬁa’(ﬁi‘f% 10. 0 5.3 10. 5 6.0 NS
&= (mm) 32. 4 4.3 34.2 3.4 *
F& (mm) 65. 9 3.7 68. 0 5.9 NS
u%'?frﬁf . 120. 7 37.8 136. 9 44. 1 *
D[E(Ef;;g . 378.8 83.9 466. 2 115. 1 *
U%Ff;;gg 129. 1 56. 5 175. 0 60. 5 *
?‘iﬁf 2227.5 295. 2 2529. 6 351. 4 *
Wilcoxon signed-rank test % : p<0.05 NS : Not significant

T0 : FMIEIRRERE, T2: 14BN



#9. FR-I#¥ XU TBADFEV, SFHEHEORRIIEL

FR-TI &
TO T2 p TO p
SHEITE B Mean SD Mean SD TOVS.T2 Mean SD TOVS.T2
FEV, 1.51 0. 30 1. 89 0. 30 % 1. 74 0. 47 %
P(100)In
(Pa/em/s) 0. 41 0.17 0.38 0.11 NS 0.57 0.23 NS

Wilcoxon signed-rank test

* : p<0.05
TO : FIEIRRZERE, T2: 1B

NS : Not significant



	根津　允　学位論文(本文).pdf
	根津　允　学位論文’写真） 横.pdf

