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Phonologic and acoustic analysis of speech following glossectomy and the effect of rehabilitation on

speech outcomes

GRSINE D)
1. #5

EHE OIRFIT E AR RIIERCEUIBR), BURBRE, (b REREIT SN 5. HHRTIE
W - BETHRREIC R E R EL KT L, MERER L OWE N EE 24 U % (Logemann, 1984;
Pauloski, Logemann, Rademaker et al., 1994). EYIERO&EFHIZAEE O & S ELFH KT L,
PEE OFEEIL ZAUCIRESIT LD . IR IEIL— WM & BEFIN (=77 > 7Ok
WLl E), W, R, BRP, ~A 7 unth—vx ) —IC KRB Kb, ~ A
Jat—T 2V —I|Z LD IFEBERL RIS X D B TS EICHEAT & AU 5 (Lovie, Duncan,
Glasson, 1984; Ueda, Torii, Nagayama et al. 1985; Leonard, Kolhe, 1987).

I L THRIIRE L Z O FELZELTHIDOICKLVERZOHRETDO —DOThH L. HHIK
% ORET EE I TR, FEY A 7, TROEEIEIC LY BIEEN R D, I, &
FEREEICH LTS - BT Y BV T —r 3 UNEBI, FREERDLRIZEOMOE
s (R, B, THH, A%, DM, e, e OMNEIC X o TRETIRE N SGE

9% & S LTV 5 (Pauloski, Rademaker, Logemann et al. 1998; Furia, Kowalski, Latorre et al.

E

2001; Nicoletti, Soutar, Jackson et al. 2004).

NADREMTEIY A~E U T — 3 VTR K DHREREE O T 15 & 721 316R % kT A%
REIC KT L TRORIRODOMERERIE 22X 0, FHIEER - APl 42 A rY & 92 (Dietz, 1981). %¢
ITRFFEIC N T, TR Ol FREICHT 2 U e U 7 —v 3 %, BN sESs X
O D EBEATREIC £ D £ TOMAM M 2 7[HE & 35 & #isE & 41TV % (Denk, Kaider, 1997;
Dejonckere, Hordijk, 1997). L2»L, EEFEICHWT, HYIRRE OGRS ST 2 @MY
NEY T =g COEREMR R LT REIIDBETHS.

EUIBRE OREEIEE IS A SO HE, JE - SaEARERE, TRSRHME, — v




7 hanNTg 7T T 44— ETHMTOND . B S OTRRHE TIXEHEE 23 B O
Tk U CEES S 0% (International Phonetic Alphabet : IPA) (ZE-SWTIER « Ba 2 E
3% (Ward, van As-Brooks, 2014). F&aG AL RA TIXEHE O FEFHENAE DAL 2 5 Bl TRE
M3 5. ZAOIEME, MR CTORMAATRE TH 503, HIER ORI X 0 HIERR R
WIESE AL, BB - EERFHMAE LV, T b~ MAERBERS IO o 2
N7 M7 T LKL EEFAREY, B SEOMEHIE LB T 2 RBREEREE LT
EOOTHERE R, BEFARHE TS 2 B8N - EENICHRFT 2 e ETH 5.
AT BN T, Wa T EE AT EUIBRRZR ISR T DM EREE D A I =X L & JEIH Y
NEV T =g VIROBRFNRETHD & B R T

2. ik
1) x5

TR & W S, TFIAMAT S A7z 62 B THERR L7z, T BIBRME IS — HikERE 252 1 72 40
B CGEERyUIBREE 3 BE 20 61, 4otk 1161 ; 30~77 m%, ‘P34 55.8 %) & HfMlbifk, T4
8 E 721 L EREL RS & D BT A 52 0 7 22 (5 (AR AR 5 T EEDER S 1,
Subtotal 13 f5il, Total 4 {5l ; FVE 15 B, 2tk 7 61 5 21~69 5k, V44 558 7%) (A L7, FR&d
MRS UTRPAMAERIREZ R (ALT) % 16 3, MEEMEF (TRAM) % 6 FlIIZEM L7z, &4l
BRESPHAE CIIUIBREEIH 2 JRICLL T O 3 v — 120 LT« BidE a2 ERICOIBR L= 77—
7 (anterior group) 19 f3i], #%EH % FIRICUIBR L= 2 /v —7 (posterior group) 13 f5ll, EARER
DOYIBR%E Gie 7 V—7" (tongue base group) 8 Bil. ZFEITIEIT Jian D kA BB E LT, Hi
TED « R X OVERES S BT D AEBI X tongue base group (245 L 72(Sun, Weng, Li et al.
2007).

AR T 2 A RHEFNIATE R £ /2I3WBRICE Y 2 7 — I LTZ. TNM
OyHR G TRt BIEGI DT Tables 1,2 (278 Lz, HAERHCK LCIE, IREICHES - HET Y
NEVTF—varEFERL, BIEIEARFEHEL, V)T —ra v amAFERLT.
UNEY T = a VTR E S BIC L C, &0 BN X O IsRbaIeE, &
BIZL DR T 0 — Ry 7 Al U7 B Hia)l#l CHERK L 72 (Ward, van As-Brooks, 2014).
2) HEVUTL

FHEORIRIZBNT, UTORRZED TERY 72Nk LT-. HE o UIREE CidE




GIBRATRT, FEIBRMTE O 2 WEAL, FREERE CITFEUIBRINAT, FUIBRINE, Ve TF—a v
ETEEO 3 W, IEITESEEEZHNCTF U Z v A —F 4L 2—4% (Roland : R-05) (2=
Y7 vth—~A 27174 (SONY : ECM-G5M) %8t L 1ol ~A 7 a7+ 3NE
EDMZ 15emIZRk> TREL, T VX NA—T 4 AL a—F 3V 7Y o 7 44.1kHz,
16bit E{LITERE L 7.

3) EESARYREAT

TN CIL BT Y 7 b 7 = 7 Multi-Speech 3700 (Kay PENTAX #t) i ] L 7.
FRGHES TN OFEFEET VANV L, YU KRR var T A RIRLE. o
THREOHIERE 720 7 v~ MNEEEORMB LTz, 7~ 2 MEERBITENE S O
BIEPENEIE SN TEBY, 1 74 ~2 MEEH (F1) & O&RK, 2 741~ M
W (F2) 1 &E DRI « # HFALE DL 72 % (Kent, Read, 1992). £ 7=, IPA IZEBWT, HA
REICEBT RS /Al T TR &3 D (Kent, Read, 1992). /a/ : FEMERTE KRS, /i/
HMEHTE SRS, v/ EMEHES RS, AR TIE, TEMITIC X - TR/, 0/ DF

1 52 7 /v~> MEEE (F1 350 ETES,F2 . FORi%iER) ¥ L O Triangle vowel space

;

area (tVSA : HEENOREBIFEEL), #REE/al i/ 0/ D F1,F2 ©Z 43 (Formant slope) % 77
BriL7z-.

7 A= b AT AL W ORFREE R KD JEEE OfLh & AT IR 25msee ZBRAM L, HGK)
30msec X[l D A % HIE L 7= (Kent, Vorperian, Kent, et al., 2003). &F-&H D 7 4L~ 2 b E
WA WE Lk, FIUF2 7'my FXZfERR L7z (FIX g, F2: Y #h). vy F SRS
Aalfil X0 = 8 & E gk, NWE O @ E Lo ®n X 05 X
([F2/w/+F2/i/|[F1/w/-F1/i/]-[F2/a/+F2/u/][F 1 /u/-F1/a/]-[F2/a/+F2/i/] [F1/a/-F1/if]) TRbi=. =0
A58 X 0 1572 Hz #ixHE (Hertz) 73 HEB) O A HIFEEE T 5 REE 22 MimifE (Triangular  vowel
space area : tVSA) & 72 % (Weismer, Kent, Hodge et al. 1988; Yunusova, Green, Greenwood et al.
2012). HGEE B R /taiko/,/f isai/,/kaiko/,/suika/IZ & F i 5 REE/al,/i/,/u/fi] T F1 *F2 @ Formant
slope (F1 slope,F2 slope) %% L7=. Formant slope | &FiE 35 J ONERHE DOH|R 2 ~d 7
FN= 2 POEAEREZRTHRIETH Y, LT D 20X20 /b—/vZ 4 LE H L 72 :Formant
slope=Z3ft i (Hz) /KffE (msec), Zfb&E (74~ MaKIE— 7 4V~ M/MHE), I
Ml (R —h) . 20X20 /L — L2 X, 20msec T EAS 20Hz 21 L 7= S &2 R O M

I, & RUCHEE L 72 (Weismer, Kent, Hodge et al. 1988; Yunusova, Green, Greenwood et al. 2012).




4) WEHTFHIRAT

AHLEL D72, T - iR « UK TROEEANRIEDT — 2% ) L XF A N v
Mann-Whitney ¢ U B CHENT L7=. PIE 0.05 RiizAEAEHV LHE Lz, HatFmfigsr
(21X IBM SPSS version 23 Z i i L 7=.

3. R
1) #55 BIBRHEE

40 44 O EERGIBREEZ I 1T DINAT, it O FEEIME(VSA, F1, F2, Flslope, F2 slope) % Table 3
IR LTZ AR B IS T tVSA ITHE/N L7208, BB 2R 21T FR D 7R 7o 72 (p=0.001). %5 FF
TD T F b~ PEEEICEB W T, BEEA/OYY) F2 ICH BRI T2V 5= (p<0.001). 7 +
v NEEBEOZEE A FI/F2 ey FKIZ&R L7z (Figure 1). HLGEE 8 R E
/taiko/,/f isai/,/kaiko/,/suika/ L ¥ JIE L 7= @KL 5 [H/al,/i/,/u/D F1 slope *F2 slope DZF; % Figure
2-A,2-BIZ/RL7-. Flslope « F2slope & il TOERFH TE T L. K TFIX
/tai/,/kai/,/sai/,/sui/ DNEIZ K& WHERTH o 7=, /tai/,/kai/ DEFEE /a/,/i/[E1Z T F1 slope 13H & IZ
AR IME T L 7= (/tai/: p=0.007, /kai/: p=0.042). 4=C DHEFREF T F2 slope Mk 1A =4
BNET L7z (p<0.001). flirai - fiitg M 02 &% W C, BIBREAL (anterior, posterior,tongue
base)lZ & 2 7= ¥ % Lhii L 7= (Table 4, Figure 3). i7%& CHEE/1/D F2 |3 tongue base group, posterior
group, anterior group D NEIZ/K T AR Z WFER & 72 572, anterior group - tongue base group [#]
TITAEZE, posterior group -tongue base group ] Tl3A EAH M) 2 72 7= (anterior and tongue base
groups: p=0.003, posterior group and tongue base group: p=0.06). YIERHHAL ] T/tai/ & /kai/lZF31F 5
F2 slope & N DA 23 B 72 > 72, /tai/®D F2 slope |3 tongue base group, anterior group, posterior
group DEIZHTHE DZELRL TN KX <, tongue base group * anterior group & posterior group
D N A B A 7] % 78 8 7= (anterior and posterior groups: p=0.068, tongue base and posterior groups:
p=0.070). /kai/ Cl tongue base group, posterior group, anterior group DNAIZZLFIK TR K E <,
tongue base group & anterior group D fiJIZ A E 7, posterior group & anterior group D [l IZ A EAH
] % 38 & 7= (anterior group and tongue base group: p=0.019, anterior group and posterior group:
p=0.081). FiE * & & DYIFREL & /tai/ /kai/D BIFHEMIZ DT, F2 slope D LZRIK T OFLE
|33 T & > 7= (/tai/ and /kai/ in the anterior group: p= 0.013).
2) FEERE




22 4 ORI T DR, ik, U & TIREOFEEIE(VSA, F1, F2, Flslope, F2 slope) %
Table 5 |Z/R L7e. 7 — % LWL T 0 2 R R CTIT o 720 IR - 65, itk - U & T IRE T4
IZ tVSA 1THE/ N2 R L, AERZENGED H72(p<0.001). Fl1 TIXRE/AL 00T EF L, Wik
Tl IIAERIET 23R » 7=(/i/: p=0.064, /a/: p=0.021). F2 TIZETORENMETZ =L, RS
fil 0/ T & 7 % 3R 7= (Jif: p<0.001, /u/: p=0.002).71% « U & TIECIL tVSA IZE R L, B
fHIRZ & > 72(p=0.082). 2 TCORE CTF1 28 EH L7223, AEZEITROZe0-7-. F2 bIEERIC
2T ERL, BEWTHEMRZRD 72 (p=0.057). &S TO FI/F2 7 a v NEKIIBIT D7
v~ v NEBREE DB % Figure 4 123K L1z, HIE L2 BRI T 5 Flslope + F2 slope D
2% % Figure 5 (28 LTz, #7# D Fl slope (2 C, HRET/a//i/ THBEICEALRIMET L7z (Mail,
/kai/: p<0.001, /sai/: p=0.001). F2 slope TIFMZIZETOREM TAHRICEIENMET L
(/tai/, /sai/, /kai/: p<0.001, /sui/: p=0.002). U & THFTIE Fl slope (% E5H- L7z 32 @A 7275
72. F2 slope Tid/sui/OEREE 0/ i/, [kal/DEREE /a/ /i TEALEN EH Lz, LavL,
FERICHE B AT biLiRino Tz,

¥ tVSA, F-¥J Formnat slope(/taiko/,/4 isai/,/kaiko/,/suika/ D F-351k) Z i = & & #2128
T D ATECRATE « BIERCo0%8 L 7= (Tables 6, 7). &4 TILIF# D tVSA, Formant slope DK T 13
O TEHTH 7=, UK THEOD tVSA - Foemant slope % 541 « &2 -
ETIBRM Tl L7, tVSA « REE/WVF2 IXEHREIERA B b mWiE R & e o7z, tVSA, R
BAF2 12T, YRR - H2R@EVSA: p=0.023, /i/: p=0.013), #HL2fH - FEfM CaAEENE
U 72(tVSA: p=0.014, /i/: p=0.014). F-#J F2 slope 1T F AW BR 2N B b i /> > 7= (hemi and total
glossectomy: p=0.014). FIEIVIRAF S N HIHAR 7 L — T IRTERP BRI N7 v—7
E R LT, U N TR O REF//F2, S F2 slope NEWFERTH Y, FEENRD bz (F2
in vowel /i/: p=0.022, mean F2 slope: p=0.003).

B
A
b

AMFFENZIBNT, Fox 1 ZEBAIDDE EIIIE 2N rTRE 72 B 8 2R (Multi-speech) %
LT, &g oBEREEOA D= LB IOEIFHY Y 7 —2 a U REREELTZ.
1) 7/~ MEEEFL F2)

FATHIEIZ RN T, EFH & EUIBREE DRI FHIREIERARFEL TS 2 L
B L N E o TS, FHYIER, HAHREIER L OMEFRIEORITIC LY, A5 OB




ERD TN~ NERBNERT H 2 & B S 41TV 5 (De Bruijn, Ten Bosch, Kuik et al.
2009; Jacobi, van Rossum, van der Molen et al. 2013). & 52 EYIFRZICEBWT, FEA/D F2 K
TR THY, [Hx ORE (F1 « F2) OFCMEABIER S 41TV % (Whitehill, Ciocca, Chan et
al.,, 2006). ZOBZILVSA Offi/h& LTRIL SN, T4 —A V7T (EEFEFHEE T RS

B L OEUIRE OB EE T 2 REEVIREE & tVSA Of E 72 HB 23589 & 4172 (De Bruijn,
Ten Bosch, Kuik et al. 2009; Whitehill, Ciocca, Chan et al. 2006). H AGERFEZIZHBWT, RE/A/IT

ORE X0 BRI ~OEFEHNLETH Y, HFUIRE TIIEEFEINLT <, HTAEOFRE
EEOFEE CTh 5 F2 K FIT/ S 4, tVSA fg/ho EEK & 72 5 (Whitehill, Ciocca, Chan et al.
2006).

FEOFERITINT, INAT - IR RIS TER AT UIBRAE - FREERE L B I tVSA Offi/ AL,
EIEEFPH OME N BHER S 5. IRFEZRF BRI 5 FFEERE T O tVSA fid/MIITA B 2203558
D HAL, EHEIBRFEFA AR b O, itk O FEBFFHGIRNS L VR A CEEZx 65,
tVSA ZHER T 2R TH D 7 /b~ > FEEEICE W T, F2 I3IEMEOH TR (&E : f3i)7,
A8 %05) ([CBEE L, o UIBREE - MR L LICREVORER RRAATREE SN, 2
XY, FURFIZBT DMEREORTT~OEFEDHIRAHERN SN D, —F, FAEOS
K il ARACE, KE : WALE) 2%9 Fl CIIEERHCAE BRZHNRO bz, fi/al
DOFIMEFLAEZ EICL Y, BE/aMESHOEMEN EH L, WIS A/,/0/O F1 A LR L
To R L0 R WSRO ENE O T2 RB I, & 512, BERECIXREA/O F2 2388

IZIRTF L, BMEOKRENHERISND. FUF2 OMEBE(LE D, EHALED DEN TR
OEDO ETFEHCHEADELTNDHEEZD. ZOERKRE LT, FRBILUVERIFHOY]
bR, BMEAFENET OND. HEEZET L EURE ORFEARE, 71/~ v MNEEEILE
AT OEEERE, HOBREIC L > TREREELZIT D, 2f - AfEGNII 3 5 Bt
FIETIE, AiE OEERERE 2 M B2 HIENE E LTV D (Matsui, Ohno, Shirota et al. 2014).
LU, JRG7Z2 GIBRELPH % O A CIE, itk O FREBERERFIC A @, &R - HEE
BEDEMR 2 5 72012 A% ISR Y 2 — A3 % 5 F 2N A & 1L % (Matsui, Ohno, Shirota et
al,2014). fRE LT, HETIIABEOR T ~ENET HHEBICE(LL, FORIT~0EE)
PEREDSIRTE S, WS RED LIS ZHERERY - 2RO & 5 X 2 3 RTRRIEA @ .

2) Formant (F1,F2) slope

fmv

Formant slope 1375 ZAfE M 52 i {LiE  (Amyotrophic lateral sclerosis : ALS) 35 X OV —F >




Y 9% (Parkinson disease : PD) (2T M EFEEOMZEIZIH N T, MEREEFOEFELEL IO
JEERBAMEEE & O N FEEE & LTV 5 (Weismer, Kent, Hodge et al. 1988; Walsh, Smith, 2012). j&

BHIZB T D7 v~ MEEBOZE(LE L RS T OEELZ N 5 Z & ICX D e
WRED X0 B2 LA 2 DHEE L 725, LovL, ZO7 7V u—F [ XiEEass ~wi S
TR,

AWFFE T, HEEEE S taiko/, /" isai/,/kaiko/,/suika/ L V) F1 slope *+ F2slope #&HH L, &
EFENFIPH - W OHIRZME Uiz, 158 TI%, SoUIEREE - BAREL © 12 Fl slope + F2 slope
EBIZEERDIR T Z7RL, Hifcd L O L TEBORIRAHER S D, FFIZ F2 slope (K T 23
BETH Y, HEE/ o/ TEIIBREE - L BICTHEZENRBO BiL. F2slope DZAL
RIET NG TSRS, ATEES SR, fiE SRS/, BiEEESAVTRE <,
WE RO A e HiEH 2 E T 5 EM CTHRWEIRENET TnD B NS, o,
Formant slope |ZHEEHRE A R THIE L b0, BEFORY 2 — L0 E OEHEREX

X FEBICEE SDAEC TWAREEE D RIESND.
3) EEBUIBRERALIZ & D BRI

AHFIECIX, HERYIBRAE 2 YIBRERALIZ)IG UC, anterior group, posterior group, tongue base
group D 3 BRI FH L, BEFHRFEDZR 2B LTz, S THEIC W TR R BIBRGI T 5E
B EE DA T & vowel space area Dffi/Na 235 LG SV TR Y, ik O S HEICE
B 5 K H R ORIFIREEA 21T 5 41TV S (Whitehill, Ciocca, Chan et al. 2006; Sun, Weng,
Li et al. 2007). £ 27 /V—7RIOWHIN HMTHE~OELEAZ B L2, tVSA ITHEREDNT D
S o T2, BEF/A/D F2 O K T 13 tongue base group, posterior group 73 anterior group
[HEANTREWER E o7, 2 XD, YIBRERAL D ZE R CEIEED AT o [HEFR BN 272
HZENRBENT. RE - EREOUIBRIC L T, BT ~OEEBOHIR AL U7 alaetE
23% % . Formant slope C b [AlERIZ BIBREAL M T AL FIC 22234 Uz, /tai/®D F2 slope 1%
anterior group 7% posterior group & U % DA LRI T A K& <, I /kai/D F2 slope Tl
posterior group 7%, anterior group & U it ORI TS K E VAR & 72 o 7. Tongue base
group (X & BB DOEIEFIRTRRRN THo7-. ZHHOERE LT, HEFRNIALE
T 55 M - CIBREALIE O BTSN E 2 b d . JEROWME TIE, HFROEE O EE)HIR

XY FEEMASE OPENEDO LSS , MRRE /K S & 4RV (Kumakura,
1985). T HITFEEDORBENEN R D, MEIERBIORIED & IR, A/ EEEE




& Tdh 5. anterior group X EHR « ATEHA FRE LI-UIRE Y, HRIEB LORIETOZE
EAFEE S 4L, %t LT posterior group TIEEEFOUIFR L W BMEFE D% EAEEINL. £0
R, 5 - B coOMEESARE S, EEHHEFAOHIE, $E27ESN F2 slope KT
IZRR L7z & b s.

4) Unbe T —a URRTRIZEIT 5 EEERRE

FEFICBIT DI - UK TIRROT =2 L L, UB U T —a VIR RBE L.
UANETRIZBWT, 2 TOREOFL - P28 EH L, tVSA BIERZ/R L7z, HUBREIC
FRA 721/ D F2 78 B5- LT s k0, IR ISHE/N L7l T~ @A 23R L, tVSA O
HWhnabH7=5 Lz EHERI X415 . Formant slope (235 C, FI slope (338 £E%/a/,/i/,/u/ D BEE
T TEALEN M E LA, F2 slope TIEREEIC L AWM &7 U7 /sui/ O RS /u/,/i/[H T
LD FFJBERR & 2o e, WREE/a/i/E CIEETHERTE 2 DTS &R ~0 LT EE e
AR EEROFRLTH Y, XRACHERS /WA TR &SRS Dl E SRS~ ORI%
EEDSFIRE 22D, AR Lo REE/A/O F2 B5R- & RS /u//i/f T O F2 slope DAL FH1T,
E BRI ~OEEBFFHOILREZ R LTS, —JF, WNEE/K %S Lol /a/,/i/ T,
RN /s % G e/l Jsai/ A\ ST F2 slope 28 L 0 _E5- U7z, ABFZE Tl & s i F 232 <
EEOTREY, £2TOEMTHEIMICERTDRE ST, UNETH, HIRESOES)
HEREDS I 1 L, B SRS/ K UMK 0 5 K O S N EAICE LT e BEX D ENT
5.

U AT D tVSA $5 L O Formant slope O F SRR D AL AFH B L O Do
MEREICLORENEETHD. HITHRLY, FURETOSERIETER LR DONFE
TAHEREDIRIFALIC 8 5 & L T % (Furukawa, Furukawa, Itoh, 1996; Furia, Kowalski, Latorre et al.
2001). AEl, fiitk & U KT HOSEPRMEZ T 2 L) ~e ) T —a vk
il 3 2R E OB 2 JEL S8, 5EE) 2 Z8IICR T t(VSA D3RI LU Formant slope
DR EEGTEO LI E A5, FHAGIERE], AR DS D IRF S NTEF DO F
B REEIT Y K TIRFICBEE R dCEN RO b, R FHFORMER L OB Y e
V7 —va VRIS R RITT K E B s, BBk LT OBSREMERFICIN X
T, UNEVT—va X DEERIEDOFDEE & D 272D bR FIFIC OV TE 6
ROV EEND. ARG L TOZROEETHERE & WS BEREIC I 1T £ [EE O BEM: b 4 #

O FEE TR T & 5 (Tanaka, Banno, Katsuno et al. 2014; Mano, Katsuno, Banno et al. 2014).




Table 1. Profiles of patients with partial glossectomy.

A Age at TNM Excision extent of tongue
Patient A . -
No. operation  Gender Tumor Node Metastasis Stag Anterior  Posterior Tongue
NI age nterior  Posterior
(years) category category category = base
1 54 F 2 2c 0 VA +
2 32 M 2 2¢ 0 VA + + +
3 72 M 2 2b 0 VA +
4 67 M 2 2b 0 VA +
5 35 M 2 1 0 m +
6 77 F 2 0 0 I + + +
7 64 M 2 0 0 I + +
8 46 F 2 0 0 I +
9 65 M 2 0 0 I + +
10 42 M 2 0 0 I + +
11 51 M 2 0 0 I +
12 62 M 2 0 0 I +
13 55 F 2 0 0 I +
14 34 F 2 0 0 I +
15 46 M 2 0 0 I +
16 66 M 2 0 0 I +
17 64 M 2 0 0 I +
18 52 F 2 0 0 I +
19 57 M 2 0 0 I + +
20 66 F 2 0 0 I
21 69 F 2 0 0 I
22 69 M 2 0 0 I +
23 67 M 2 0 0 I +
24 71 M 2 0 0 I +
25 56 M 2 0 0 I +
26 50 M 2 0 0 I +
27 60 M 2 0 0 I +
28 42 M 2 0 0 I +
29 45 F 2 0 0 I +
30 39 F 2 0 0 I + +
31 65 M 2 0 0 I +
32 47 M 2 0 0 I 5
33 55 M 2 0 0 I +
34 55 M 2 0 0 I +
35 68 M 1 0 0 I +
36 66 M 1 0 0 I +
37 77 M 1 0 0 I +
38 62 M | 0 0 I 5
39 30 M | 0 0 I +
40 33 F 1 0 0 I +

Excision extent of tongue is defined as the main site of resection (anterior or posterior tongue),

including resection of the tongue base.




Table 2. Profiles of patients with reconstruction following glossectomy.

. Age at M 3
Patient . ] . Anterior
operation Gender  Tumor Node Metastasis Glossectomy Reconstruction
No. Stage tongue
(years) category category category "
1 21 M 4a 2¢ 0 VA Total TRAM —
2 37 M 4a 2¢ 0 VA Total TRAM —_—
3 42 M 4a 2¢ 0 VA Total TRAM —_—
4 25 M 4a 1 0 VA Total TRAM —_—
5 49 M 4a 26 0 VA Subtotal TRAM Excised
6 67 F 4a 0 0 VA Subtotal TRAM Excised
7 41 M 4a 2¢ 0 VA Subtotal ALT Preserved
8 67 F 4a 2¢ 0 VA Subtotal ALT Excised
9 60 M 4a 2b 0 VA Subtotal ALT Excised
10 46 F 4a 2b 0 VA Subtotal ALT Excised
11 41 F 4a 1 0 VA Subtotal ALT Preserved
12 69 F 4a 0 0 VA Subtotal ALT Preserved
13 33 M 4a 0 0 VA Subtotal ALT Excised
14 46 M 3 2b 0 VA Subtotal ALT Preserved
15 32 F 3 1 0 m Subtotal ALT Preserved
16 61 M 2 0 0 I Subtotal ALT Preserved
17 41 M 1 1 0 m Subtotal ALT Preserved
18 67 M 4a 0 0 VA Hemi ALT e
19 45 M 3 0 0 I Hemi ALT —_
20 51 F 2 2b 0 VA Hemi ALT —_—
21 38 M 2 2b 0 VA Hemi ALT —_—
22 66 M 2 0 0 I Hemi ALT —

TRAM : Transverse Rectus Abdominis Myocutaneous Flap, ALT : Anterolateral Thigh Flap.
In the patients with subtotal glossectomy, but not total and hemi glossectomy, excised or preserved

anterior portion of tongue is indicated.
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Table 3. tVSA, F1, F2, F1 slope, and F2 slope in the partial glossectomy group during preoperative

and postoperative periods.

Variables Preoperative (N=40) Postoperative (N=40)
MeantSD Mean+SD
tVSA (Hertzz) 253856.2+119068.9 119068.9+91664 .4**
F1(Hz) /a/ 744 2+126.0 717.5£106.7
N/ 331.7£58.7 342.5+62.6
h/ 359.0+56.5 365.7+55.9
F2(Hz) /a/ 1239.9+171.9 1241.3+156.8
N/ 2428 2+302.3 2132.0£304.7%**
/u/ 1161.6+£203.4 1180.0+185.3
F1 slope (Hz/msec) /tai/ 3.9+1.1 3241 1%%*
/sai/ 3.3+1.2 2.9+1.0
/kait/ 3.7+1.2 3.1+£1.1%*
/sui/ 1.4+1.0 1.241.0
F2 slope (Hz/msec) /tai/ 7.4£2.4 5.2+£] TH**
/sai/ 6.3+£1.8 4 7] SH**
/kai/ 7.7£2.1 5.9+] 9% **
/sui/ 6.0£1.9 4 82 (%

Each value of the selected variables is compared between the preoperative and postoperative periods.

* p<0.05, ** p<0.01, ***p<0.001

Table 4. tVSA, F2 for /i/, and F2 slope for /tai/, /kai/ in the anterior, posterior, and tongue base

groupsof the partial glossectomy groupduring the preoperative and postoperative periods.

Variables

Anterior (N=19)

Posterior (N=13)

Tongue base (N=8)

MeantSD

MeantSD

Mean+SD

tVSA (Hertzz) Preoperative ~ 264594.8+135514.8  250100.3£101038.8  234455.4£100047.0
Postoperative  198565.6+111316.0 173647.9+50876.6 112039.84+55743.8
F2 (Hz) A/ Preoperative 2446.1+327.5 2357.7£272.8 2500.2+259.3
Postoperative 2252.44344.6 2044.7£161.2 1987.7+£268.7
F2 slope (Hz/msec) /tai/  Preoperative 7.8+2.7 6.7+1.4 7.6£2.4
Postoperative 5.4+1.7 5.2+1.8 4.4+1.2
/kai/ Preoperative 7.3£1.6 8.4+2.5 7.6£2.3
Postoperative 6.2+1.8 6.0£1.9 4.7+1.4

Excised site: anterior, posterior, and tongue base. The patients in which anterior, posterior, and tongue

base excisions overlapped were classified as the tongue base group.
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Table 5. tVSA, F1, F2, F1 slope, and F2 slope in the reconstruction group during the preoperative and

postoperative periods, and the period after rehabilitation.

Variables Preoperative (N=22) Postoperative (N=22) After rehabilitation (N=22)
Mean+SD Mean+SD Mean+SD

tVSA (He11zz) 205990.2+132821.2 T4194.1£57599. 1 *** 107627.8+£106539.5
F1(Hz) /a/ 727.0+£121.4 646.7£107.3* 694.4+132.1

fi/ 366.0+66.0 410.6+£78.7 417.7£100.8

/ 370.3+£56.8 386.9+£72.0 387.8+57.7
F2(Hz) /a/ 1225.4+167.9 1161.3+£107.1 1189.0+134.2

fi/ 2323.5+349.9 1613.4+£339 5%%* 1772.1+448.7

/ 1238.0+206.6 1047 4+140.5%* 1139.9+131.9
F1 slope (Hz/msec)  /tai/ 3.2+0.8 2.240.7%%* 2.4+0.8

/sai/ 3.4%13 2.24].2%* 2.5+£1.0

/kai/ 3.5+0.8 2.0£]1.0%** 2.5+0.8

/sui/ 1.1£0.9 1.0£1.1 1.2+0.9
F2 slope (Hz/msec)  /tai/ 6.9+2.8 3.6£2 3%%* 3.9+1.7

/sai/ 5.5+1.8 3.2+4].9%** 34+1.5

/kai/ 7.4£2.5 3.5+ . 4%** 42421

/sui/ 4.3£2.0 2.541.4%* 3.54£2.3

Each value of the selected variables is compared between the preoperative and postoperative
periods.There were no significant differences in the variables between the postoperative period and

the period after rehabilitation. * p<0.05, ** p<0.01, ***p<0.001

Table 6. tVSA, F2 for /i/, and mean F2 slope between total, subtotal, and hemi glossectomy.

Variables Total (N=4) Subtotal (N=13) Hemi (N=5)

tVSA (HeI‘tZZ) Preoperative 102564.0 196335.2 313834.3
Postoperative 8208.4 73261.4 129407.9
After rehabilitation 19488.8 98096.9%* 202919 .4*

F2 (Hz) // Preoperative 2179.6 2305.2 2486.2
Postoperative 1144.4 1618.5 1974.8
After rehabilitation 1244 .4 1789.0%* 2150.1%*

F2 slope (Hz/msec)  Preoperative 7.1 5.8 6.4
Postoperative 1.9 3.3 4.0
After rehabilitation 2.2 3.7 5.4%

F2 slope : Mean values of the F2 slope forthe vowels /a/, /i/, and /u/, including /taiko/, /{ isai/, /kaiko/,
and /suika/.Each value of the selected variables is compared between total and hemi glossectomy
groups, and between total and subtotal glossectomy groups. There was no significant difference in the

variables between subtotal and hemi glossectomy groups.* p<0.05
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Table 7. tVSA, F2 for /i/, and F2 slope between excised and preserved anterior tongue in subtotal

glossectomy group.

Variables Anterior tongue
Excised (N=6) Preserved (N=7)

tVSA (Hertz’) Preoperative 186765.5 204537.8
Postoperative 58447.5 85958.9
After rehabilitation 58880.3 131711.1

F2 (Hz) /v/ Preoperative 2145.8 2441.8
Postoperative 1529.0 1695.1
After rehabilitation 1504.4 2033.0*

F2 slope (Hz/msec)  Preoperative 42 6.9
Postoperative 23 42
After rehabilitation 2.3 4 8**

F2 slope : Mean values of the F2 slope forthe vowels /a/, /i/, and /u/, including /taiko/, /Y isai/, /kaiko/,

and /suika/. Each value of the selected variables is compared between excised and preserved anterior

tongue groups. * p<0.05, ** p<0.01
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Figure 1

Figure 1. tVSA in the partial glossectomy group during the preoperative and postoperative periods.
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X-axis: the first formant (F1), Y-axis: the second formant (F2).

Figure 2
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Figure 2. Mean decline values of the F1 slope and theF2 slope in the partial glossectomy group
between the preoperative and postoperative periods.
F1 slope (A) and F2 slope (B): the decline values during the postoperative period were calculated

based upon values from the preoperative period for /tai/, /sai/, /kai/, an

Figure 3
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Figure 3. Mean decline values of F2 for /i/, and the F2 slope for /tai/ and /kai/ in anterior, posterior,
and tongue base groups of the partial glossectomy group.
F2 for /i/ (A), and the F2 slope for /tai/ and /kai/ (B): the decline values at the postoperative period

were calculated based upon values from the preoperative period.

Figure 4
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Figure 4. tVSA in the reconstruction group during the preoperative and postoperative periods, and the

period after rehabilitation.

X-axis: the first formant (F1), Y-axis: the second formant (F2).

Figure 5
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Figure 5. Mean decline values of the F1 slope and the F2 slope in the reconstruction group between

the preoperative and postoperative periods, and the period after rehabilitation.

F1 slope (A) and F2 slope (B): the decline values at the postoperative period and the period after

rehabilitation were calculated based upon values from the preoperative period for /tai/, /sai/, /kai/, and

/sui/.
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