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! Dysphagie
2 Amyotrophic lateral sclerosis
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19 Styloglossus

' Hyoglossus

12 Palatoglossus

13 Hyoid

14 Discrete-cornuate
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4 Macaques

5 X-ray reconstruction of moving morphology
® Orsbon

7 Tongue base retraction

8 Spatulate

9 Genioglossus
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18 Mylohyoid
19 Extrinsic Muscle Shortening Hypothesis
20 Muscular Hydrostat Hypothesis
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15 Integro-cornuate
16 Suprahyoid
17 Digastric
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30 Balancing side

31 Feilich
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33 Electromyography
34 Inferior longitudinal
35 in vivo

36 in silico
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23 Hyrax

24 Magnetic resonance imaging
% Videofluoroscopy

26 Chin tuck maneuver

27 Shaker exercise
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41 Dorsal swallowing group
42 Ventral swallowing group
43 Nucleus ambiguous
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3 Trigeminal nerve
3 Nucleus tractus solitarius
40 Central program generator

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

OhlSen g (s9e

Shzaly glaJae > dly (oLiS 5o,

omblize Gy eolawl b a4 S g0 Oldles
Slgi e Al (S 58 lee oS 0l (LS ()lee (s8]0
&b onias Ll (Sew & dad ialS ]y &b (iSTy e
Sy V] 2bl e gl el S g 0dd S a8
Glaasmenr [0 ™ 813 gllawsly xS 5l edliswl by andlao
—Sy (S s YL s b ocdld a5 ol lis
plsl Clllas (yizmen [YV] cosl plojon ol gl b ()50
L asb opl il s a5 wloals lis MRI 1 eslasol b onds
(el il el i caly 0,6 0 b cul 48 bgs
Silhasd Ll (giae i3 4l b sjre aSs )low
» PRy ldlas ol g oegMe [YV] Bl G SYeb
5 39S caal)] 5l edlatwl L SBL claygene
G 4 by S g S &S cwl ooy lis XROMM
S5y g Sy (S B Sey b
[Y 8% 355 40

9 sl slaygdSE 1 pid iy sy)ls b

ovee¥ U
5 S RS 0 oo S Vsl bl
) g pi8 2l 5l CleMbl (giludz LS )b | (Sialon
Cusl @l sy (5land (guiaSyl (S plam 5> [YA] LS o
4 sl olays IS 5 Slas M) 51 56 Vi
ol [YA YA]A5b o Mol o3l > Sgy95 w55 Jud
ol Jold oudSHh hlen 3 gl (osSwgysliging
2 369 Vs dy ploj dgla laseinl <8 > ey
JLD.»)‘ J9§.~.~o u»}n\{b [YQ] Cwl (.9"9’“ o]) UJ.M: s
Sridpi g s la)ldle (S g e Sledbl
Oluls g gme byl iz ¢ opl pogMe [YA] Conl
by adels plgsul ol obols > BT 5 (pwge¥l
S ) b S e o > 4 Vi & 28

& A 51 wedan J S
Syt Sy S plgie gy b 5B ¢ pboas
48 Corticobulbar
4 Electroencephalography

50 Basal ganglia
5! Substantia nigra

oY

& 855 0 S9! Wgo i oSl g 9 o Bl

5 sl 20855 iloar Sy Lol 3850 siea, NTS
el pusls)y @ollas g £9yd 9 S o Jos Jo35 ooyl S8
oo sbod 9w eplod diile (oo oS e & Fuly
PSS S sligs mree S bl A
ddcuas |y loymis g s Cac oS sl ooy (gl 245
Slyme dn 1) 0ad (hildy pwes slagdgy9 9 M e
ens idy Sy A b olyan S e 8l ool
S gl Gl 3 Gle b 4 e dtan TS
cldllae YA YR] 3)ls (B sy 5 il saj L oo
lote (ol sro ails a5 Shools ol Su3glsnpboyg
Cls 5o > gl lagSladg 4 b oS el S gunglej
Sl slaJae 1 [YA] 8db o oo uo (slasg)9
s byl ahad Sl & b bape Seaty cllad ¢ Sl
e ol lagan b [YA] bl o a0ld] Mo i |
9 TSk by e slagige TSl ats
w8 5Pl sl A ol sl (Y4V) o,en
& il (glaolyyg) b dtun (ol (Sg)95 cullab > (ghalate
015 4zl (639,551 (sloaylyl 51 oolizol b ol sl Lag o
@ bgpe mas cbcdld (lojer (g5Swgysliging
DT85 b aedy o 2 1y gy 9 SE b Sl ST
Sl Gipl el as (b S ik oo
oy slacialled oS el T 51 Sl 48 3l oLt |y g plao
b))y sl (S (Sl At JB13 53 354 pacie
¥ 2380 36 ol b by cilisre

&b 83,1 IR )3 e i

gl (ouo 28 g gl (S 525 ) (S o e i
S ol ol SlSgy asble ol snb JSs
Dbl ol 0950 02l (o g (5> T uglsSisesn
&)bﬁwlogjlwudhwwoligfp
SriB 2lg5 a5 TGSl g i s o) 33 g 0 i
[Ya] a8 e el

4 Dorsal motor nucleus of vagus
45 Hypoglossal

46 Hinkel

47 Homunculus

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

ohlSer g (s9ine

Shzaly glaJae > dly (oLiS 5o,

Pl gk oSles (ils (S p8 0 T oMy
ol ) bl sy ey €5 3 e obos
2V ol L (6 p8l8 cnblise ))Se Sy o5 S ilosly
[YA] wie dgue 1) gl Wl oudenl (S 28 o)
Pl (S 909y Sl b)) ALS @ Mo lilew 5
D5 1y el o) oS0yt 5 Tl fi5e
olyer adlie Clolal 5 pliadg; yid diws b a5 dad

[YA] cul
S5lmd (Flg> o
S0 8w Jao

Sl m ghlew doyd A B Y o (gilawsd S
2250 Gl by (§hS sl Juo [V e300 2 (5530
WSl e ilad adllae (sl Jao )y (S Ns
Py e Gle pbyd 638 sladl Jae i cawl
e Slp Gl Je S glsie 4 ol slabge
Soy PS03y (oo liel (S50 aiSs I g (5l
winh gV g L8 bge ) gl (gSwgysliging 5 ol o))
Sl a8 3l ol sl [YA] 18 bj) ol 5 e
sl 09,5 > (wolyr oy g Colue () O o8
S yob 4 gdiaple] 93 2 )3 jre She 0l (IS
T35 sgresp Jae eSunl Gl 0> by, 28l talS
Sl )3 2l 5 Y JBL ) sy S B L oS
lwl Gl Jao cnl 2980 Sbrml JS5)95 B9)s (90
R &S S oo @l 1) adgl (S 8 0 (38 anls
Y] o)l oolyl by (Sinlod g £gpus )0 soko

OpsS )b (8 5low o
8B eie 9:515339)55 Golows S (yguiaS )l (ko
sl g, cunl oluw odle )3 SG3500bign slaiygy55 o5
Sl se g LS 99,9 81,5 Jold GBNe> ) (gilw S
20 GamtsS b hlew oy Ae Sl o ¥+ 25 0 (S5
[PV sl yoo 9 Spo (ol Jlo 5l (S o 590 o0 (g5l
—w Sy 0 MBI L (ilhuns (BN sla e )

55 Transient middle cerebral artery occlusion
56 Photothrombosis
57 Rose bengal

oY

S5 ro 595 Wge bawgi JalS' 5k 45 A3 0 i8S Jlas >
A3 o LS ot dmled ¢l (pl b 3gd oo S She Bl
b b B Uy s sl 38 e VL Sy &S
Gl (b aibog g aej L) (5 gl b ais w8 Lt
Al ooyl b s, Tyt Wl e gy il 56 i
g edda (as U e 90 by Ay oS
YO] 24 pulals Kiadin s

o dlo 53550 55 Wge Jolb ihiadanyd e
WS (oo gt 1) (Al 5B o3l 5 @y lagul & cul
)510 4 “5‘3 uas )1 u.uou (Y*Y') ul)&a.h 9 MQKM:);:
il 5645 16,8 Llulis |, Sls P2RY T clayyg pols
Y] S oo S8 (2lg o]y (218> slageuly Lolyen ) &l

(sloaclB sla ol caoee Jold tliadid o
2 g5 0 &S Gl (S o 2B g (GjRe pi5 ¢ puga VL
bl 5B gl g 35,135 180 jae dBle (3950 (555Ul Mg
oot 5 oad assel I ((BLS 93509 ol 2
doxg pae &S Cuwl ol LS (gyl8) daleds LS elal
d9d0 e i) 428 BB (EaS 4 e dode (295
S slalande L pou liines 5| Lag,S il cpl , [¥O]
IPV] 55,5 b)) slzn 4K lato | (g5laud

b ssely
sl L) (gjre culld Glojen b 5l ol (glaasdly
P oy Sl Cepen Gbppgal o (29l
9 S g Sl (S s &5 bl SBL
3 ot 4l a8 e S YL eB L) by eS
o YL ola i le Ladin g Jled <8 )l gy 4B Ll oy
ks 53 (e i3 5 Sl (cla)ealSSE oo aler )
B o | sl 515 45" CSausdIS 5 (B ] gy il 515
A opl Sy il o sre Al ool WSB8, (S
P oo Sl Sy dy lp glal (as
S Su0 s SUSS cwl 035 eald (il
5 Sl ublie S S0 dler el
WL il gpaBhd pidee b Supd

52 Prescott
33 Neuroplasticity
>4 Cricopharyngeal

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

OhlSen g (s9e

Shzaly glaJae > dly (oLiS 5o,

5 > Oas pdcuac (0l Lid oS bdis oyl
L¥A] 25,5 o i (ilad coled jo g gl WS > Sinlen
&S Cuol ody L HBaes (5 Sgye pmily (Sl Glalllas
S0P Shlwea plad plojen b 4 G)la ugny
@l e Jao ( Sy cnl 5 S0 02l 1) uplisuson
7 SgegiS gl wiMe S (S &8 (51w 5) Lugboyem [0 ]
g oS OMae palool 4 o sl Jio o sl gyl
3k ol gy 5l 63555 5 (U &S 90 oo
dds 4 ol Juo [YA FU] Wil ppee (gind (SO05
Sbgiin g Bl (I e Bl 50
g &b JiS p bjlsle ool I8 390 ) i)
ol ras Clols 18U sailines sTln sl

gl 0

Ol s g oo liliamy il

Oblsliay plo s e opiml) (Bg 4 5]
Seogill glacaled pluslyed s 5 (4,5 « S o S')
Jds 4 ond Waeojl slSes Wyl il & i
oy &l adllas jd plS—o omis sllail g ojlul > caalus
S WS asudie «Sw sl Jie 0 [V] Sed e edlatl
O A Wl o (B (o cuas (Sl S 20
g 48 Salon JUom)logSo )5 yiSiinl (08 Jb L ) @gls
Jrs sbcdel awy lp eily 350, o
[0V] 35 lasl 5>y gmnl gl

Ll el glusl @ 1y camled op iy olaslied it
S o dgi5me |y 03528 ookl (SME] Jlas o YL diyia
2 2l s 4 Sl oM acusgebo ALS (gla Jio
Sogg x5 dbex ) low Sl s Ll
A gy Bl 4 s (Sl g GBS S
sl ol Gl Jols e ool g (Lol lagd,
ouSsS) TARDBP 4 FUS SODI el g
B3 s gl g (S SiSS 325k 5 (TDP-43 (y.359

60 Pathognomonic
61 Marmoset

oy

(YI) 0o 9 ¥ (g ol ol b @ Mas (5
Silawad Jao ebigd oS gyinf )by 35 b
Creo b e 15503 (29,8 [TV ] 3,8 sl ) (pguisS )l
13,8 adllan (yguisHl 9 Sy S 13 1) @l LS, <o)
&b yob 4 GguisS)lh hlen e SYMBI p 0gMe [¥Y]
Loy (S0) CudsS p & Wb oo 35 (o SYMNS] los

[¥¥] 5,35 o b

(ALS) g y5gmol (il 59 8l Joo

&b 9 obj xo b odigydey 551,3559)98 ()lon Sw ALS
Sbee diej cnl 0 (B Ng sl pid ol (Has
o5 Wl jd &S Wb o Jolis 1) SODI-GI3A Sijuslys
S 39 298> I (5 > WMo g 350 0 Liga k2> SODI
byl Jolpe 0 1y (il Gl (Gilawsd g 250 g9
OhlSen g g [FO] wmd e ol (Voo clajy))
SODI- (sl joge &5 Wby olis Hb dgl gl (V+9)
ALS » Sl (g5lawd sly pize o Jao S5 GI3A
Oise Yo (s> 9 Oded ) Sl o )ld) i
A yo 5 (olon £9pb caodle (o) aAls po s > Sfudl s
ONg> 5 Ot 55 cgaglej dw o ) ad bl (2l
S 095 5l y1aS (4ol sixe yobo 4y Sijusl s slayige 5
ol Sopuily lagise 3 Ol Gpae fuoxes g
sl (Swmer S asl cpl [¥8] o lis b pee
o 53 (ygmml 5339)95 Walgd (gim gadlllas ;5 3,8 Sl
[FV] s sl 5o &b als

(558) owa iy Cosie Jao
loie > o8 cunl gy 0aiiS (Hlow S )l
hp (Oliess 5 45 (S (hge dlo ) il Slge
5,5 oolizel 300 gl YN 5 jin @il (6150 (gaslllan
s 3)lg (6 (g g b cpl 3 [FA FA] Conl 485
oy & e dlw (gloiyg)e Ll sl &y g 0dd uas
5 pee diwd Jold) e Clasl S gas
G35 [0 ] LS (oo 0,55 ], (S cuas (S > gladtun

38 Ciucci
3 Lever

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

ohlSer g (s9ine

Shzaly glaJae > dly (oLiS 5o,

Hloy3,b85 (sl (AL gl
i)l sl bassly Nlgoe (6950 eyl (slaaidly
ol Nz il awsh Sl gl by
3 ol siojls g Wloas &l Sl les wlul 5 auogs
slasly pl ¥ Jads e Sl b le.muiln)‘])lf

Ao o Bl Ao g a1y 2L

ad by dtﬁb%bsm

235 )18 4oy

a8l & Jlas sla Jae ladidl (g pdpmess =)
sl bl oyl sl @ 1) cald i SKL
2 Gl (San &5 30 292y iyl Syjelansd 9 Seogil
D) b bl (6 s

Oldlas :SBL > XROMM cldllas dgume dlass =Y
Sawi ¢ 8 Saom o Yh auje Ly 4 SBL > XROMM
) (435000 diged

Slo slodie Sls e 3 U 92y pas
o] cslmaly g a8 sdgijle |y ] Y1 (St ASlg5 03
Gl 3900t olAE g &l 4 [RVeS

O ke JB B 1 K gland )y Slalllas lags —F
5 Sl clodae » lawlie gidaid cbadl,
Dy 3gg Jloyd,liaS o b gl )8

Slalas i : Slas sl Jho B lbcures Codgiwe —0
olyon slacs)lon (i 9 b cplor Sl (59 2 Sl
Sl W (g5lhnsd 4 Mie ) logs a5 I 5 eslosds alos]
Slgs o @glds cpl diwd Glojen (gilew cplis b g
WS dgae Sl Cumen A I s ESTRIPOveS)

sy Olidss Sy e alpd

Dgd oo Byl 5 ol @lio pl slaabl el p

Hlhagd ojo (o Jlo drug

Aoyl Ad S yeio 3 o e = Oldllas yids
(el 9230y 31 o 59 Fpo JB Sl 3le) (3050 sl Jue
sl (gy950 a0l il Sy sl

%4 Fiberoptic

NG

Oialps b Gua il 4 (AAV) g3l L by sla g s
05 &9 4 dtws .Cwl CRISPR/Cas9 iwww L pgj
Mo £g30 pledl sl g 0ubiz ) (gla oS dlaw Bl i
cW.CM‘WﬁL&\‘UY&LﬁJJ&&‘)J&SF
dl.mﬁin doJ.:.mbOLb’ LD:OL.M"’ >0 ()ﬁ] 59 d)l:é) Oldlas
Lol 055 ade b (g IUB]) (launs I Solate
h ol s 55 ol & cul oSy (bl
slagley ob5)l g SKide 589l slapuslSe () )y
Lodi) (dbobn ol 0 ehy 4 (Jeke 9 )
5992589k 5 ol i sow 4 sloyry o Slas S
B o ie (503 Sile 4 sl prans L mbs &
salon  (29)b 9 S5 clagley by <y
cald @y mas JpS 5 SOllegy 38 wyp sl
slcodgie S & (Jb ol by sl & gy
Sl Ul 4 Yoane fliwss 5 odlinl cayjp 5 5]
sgaome Sl (sla o lojlS 51 G (b (omiwluel

D9 50

Sl e 45 gl 3 Ses bl s,

Cudbge (sl gly Jloe> sl 5 gy 3 Sles L)
&k (295w9)sgihg .l ()9 00 Lleyy (iSu )l g s
P g Cwl Gl lawsd jasis oMb o)luilkl
998 9 T3S adllas p3 )l 3,8 55 Sles sl Jse
9 Colus (5S0ilul (gl gy (asSwg)sliging I (V<)1)
s195ww9)9B3g S W2 )3 [YA] A5 oliswl Luglyy cas puo
(a5 > 2 Vee0er) YL gy L wlgie ol
Sxoilsl ly (SSeeg il V] A8 gyl ppgal
ookl aly b b pe (Bes s (S o LS
s o38lio (Sl 35 @l TSl pud o 9Sg il 394 o0
b)) wlllas By )3 [YO] WS o ool | Bl o)l
slagdyy lgie 4 g €55 9 e £ Jold Gl ),
ool ALS Juo 3 (s5lawnd obj)) lp ealeips
§5] w5

62 Cullins
63 Connor

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

OhlSen g (s9e

Shzaly glaJae > dly (oLiS 5o,

Slopd)lisS (sl slanlio (s55lg 58 sloadl b saasly -V Jgao

e Sloyd hy, LTIy SRR el [
’ R R s o3, S5 Sl
T SESS Sed oyl gk (sSws)slising Cde Cughl p $Sp05 Sl Ol oael iSke
OIS Sl AVESS) b asiplalig Vi) Sy pelse 7T
bl Glgal ks edlas ol (1392l gl 73, (155
. 5 by s P
B T ek AT “”;’ Se e Slage
; . iy WPy RO Sl G
o) 235k b olen b )l S ilad » b . e (ce2)
Cunl (gy9 0 A
) dy 3 als] sl GSly oloj pSejlul - Bl gl o) Sl gl (il 58
I I UYR ) [Sotal L e . . Te . el e
5 oS WSS bl o &b Silwodlel ¢ S > Kedda S cod smas S
SRR (Dual-Task) %155 il U 5y
)Li:é ).SL\> d)ﬁfc)‘l.\il
¥A] Obj (eglie by yod (MTP) 4b; 4 obj 99 S pSojll obj e pals S Jo
i ke aopsligny  SxSw 02l e Satal s
oS 4ass (VFSS)
5 O b Sl ped e €55 )led 9 v E55 (b))
Jlodlizal (Low-Load) gl osSwsysliginy  hey S olsie 4 e S8 ORRS IMCAO Juo 1l Lo
e Slasplied s SI(VESS)  spSe sl et oy Sy Sl gy T
(7 V] imogy opplin Sl isSa S piiel bl (g lon cpiny S5 S5 e ol ) 5 iy
sogig nlS plc S ACPEMG) ey o css bl b e dins o2l (:L)Jsﬁ;ﬁ
Gl ) SagSugsl  (FEES) g gl S ) oyl e
(PEG) cusy (W) il Mae
sl phaie (0L
. R (51950998559 L ol o s s o ,
LSS ). uuff il b (VFSS) ab Syl o 5)5\.’.?). P Q.)Lw. .-\‘0.)3 A ) uw
29> 5 Slads (s, {FEES) aly 5Susss] byl el il OBl sla by, Xgd o (s5lamsd o
ey Lisy 5l ealisl s § ol ds yo olsl oo Jols B sig> 55 il Je
&l (LSVT LOUD) RETWR I DR NS Sy g e

Sl ol § Ty Y
b b b eglie
conlio

03l g ol S
!y ids GRBASZero
byl ol
e (5550318

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

53 5 Slos Jdo o BKS Wilgh o ((gimsdus Mgusl yl Sl 44 XROMM  cloaisly e/

A8l b St S > bl sl enlei e ooy, dnwg

b by (pueblive 2085 5o ppga siile) glusl )3 0L

FY-0 doaws V- ual.u AR 0)9.) AN EIA JL» [AIA) u‘)" d)ﬂﬁb)b 9 d)y}:)ﬁ d.l?m


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

ohlSer g (s9ine

Shzaly glaJae > dly (oLiS 5o,

Sradlye us lp rtdn Gk Oldlae Wiz WS s
ol 515 3)50 13)S0) nl Fhe
Gl sl b I olol 0l Sl Jio Sloesl ¥
calud o i SBL @l (as S35 5 Seilloge adlllas
ood B cas b algs o o] claassl g 5l bl @ Iy
(Sjre diSuw )3 (pgh Soleyd (65ye sl e hlie 5> ol
5 omb 4 I 4 (Bus glJae ALS o (guis)k
4 S pren A2y i Mad )l (S5 (6 s Sl
o) Syl Sl Gladllas 4o Wb g blis! aejls Ll
P dedie glagleyy (b sl wepla o)l g5l
Sl oSSl bgytie oyl pmlid ey luis
Aol awsl Hlas o 1) Jae o cbcudgise

SlFil » Chon cly gy S 3,509, cggetme
docinjgle s lid)ole )Ken 5 0395 (B
M lae 4 sl pl des 5 (gly b ylo o )liaS 5 105 500l

sl ($)9p8 cyiinn g o> B Gl

S )'}S.wl{,m
SloylisS 09)S  (ylen I Baing dlwgeph

Sidg b 09,5 5 Jb (S pole sl isuilyy easisly
ol ooy pldl 4y ol JRily (Sdjaels saslisly

Sl ollisde

ol 02,5 Bl 1y (Jbo Coles d55oun aslllas oy
o yd o)l

Sl @dle jd o)l dlde oyl By
dallas (ol
ol o]

oosa 3l T2 Slediwwg 1 ol Lg)'L»oJLo] O
ol 03905 03lanl £ 5iunn

Ing

&b il 5 (st S (S Olellle

b pt8l puablitn ))Se o8 (S5 I (o
P e Ol b Bl e by K9
Casl (6900 00 3kas b slaalojl S

&b (b g0 i ol i ) o
r & FSpmBls Gl gl b
oy oo a5 4 (6y9p0 331 15T gl ) 5 (glwoslel

3Slas (oiliud oy o sl Jdo dewsi
D) 3929 3lj0lgy e b (g5lamad (sl Slo> sl Joe

&b Siloge 0 cnis clociglis )
..\3|on )5)4...@ ).s QUI}A} » L.\a.c dg>90 Sldlas

6 785 4ol

Sloyy ohlsliny e ) Glawglio (ol 58
sloadl ool 03945 &b Gy lapusilSe 4 dedj)l
2,5 Ao Lol ply dw o o o |y dlie ol (gulS
Sl s Gl olis 4 S pesdlSe )
o 5 Sl Sl 5 XROMM clalllas 1 i (slodgs 3
0By Vb g gl I (GBU Baee ol oacld (aSde & cul
proiiane (ALl &5 cCanl (Sg e unilSlo) Sgale (g5t
b osbey loans )b badl pl 4251 .0L5 ()8 oMas
ol @l b S o il 4 i gk 4 s Je
o2l Sy g el ol sl
Gl gdmdw Ngwlydgl b Lgy MRI wile s,y
e pyed 4 o3 Caggl ¢ Sloy )i cly ooyl
s 2 (Sl 25 aer 9 Sed (pyed Wle) ASglal g
shte duy oo 5la 4 dgge daled bl (o)l pine
5L
o2l aalsd 1 b3k Bpo & ccanl todin & Js -y
5530 9 Wgo bawg oS &5 gl (il 5B oS amd oo (LS
S slSIE e webin U cov aSl jre asle
— S 6l )Sgy Bl pl )l )13 jae 18 g (Slaacls
429 SHlawd il o |y ol il I3 (gilueslel 5 (S

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

OhlSen g (s9e

Shzaly glaJae > dly (oLiS 5o,

[12]

Bai J, Cheng K, Zhang N, Chen Y, Ni J, Wang Z,
Research advances in dysphagia animal models. Animal
Models Exp Med 8 (2025) 1579-1589.

Ross CF, Laurence-Chasen JD, Li P, Orsbon C,
Hatsopoulos NG, Biomechanical and cortical control of
tongue movements during chewing and swallowing.
Dysphagia 39 (2024) 1-32.

Hinkel CJ, Sharma R, Thakkar MM, Takahashi K,
Hopewell BL, Lever TE, Neural mechanisms
contributing to dysphagia in mouse models.
Otolaryngol Head Neck Surg 155 (2016) 303-306.

Miller AJ, Oral and pharyngeal reflexes in the
mammalian nervous system: their diverse range in
complexity and the pivotal role of the tongue. Crit Rev
Oral Biol Med 13 (2002) 409-425.

Orsbon CP, Gidmark NJ, Gao T, Ross CF, XROMM
and diceCT reveal a hydraulic mechanism of tongue
base retraction in swallowing. Sci Rep 10 (2020) 8215.

Feilich KL, Laurence-Chasen JD, Orsbon C, Gidmark
NJ, Ross CF, Twist and chew: three-dimensional tongue
kinematics during chewing in macaque primates. Biol
Lert 17 (2021) 20210431.

German RZ, Crompton AW, Gould FDH, Thexton AJ,
Animal models for dysphagia studies: what have we
learnt so far. Dysphagia 32 (2017) 73-77.

Mahdavi K, Zendehdel M, Baghbanzadeh A. Central
effects of opioidergic system on food intake in birds and
mammals: a review. Vet Res Commun 47 (2023) 1103-
1114.

Mahdavi K, Zendehdel M, Zarei H, The role of central
neurotransmitters in appetite regulation of broilers and
layers: similarities and differences. Vet Res Commun
48 (2024) 1313-1328.

Mahdavi K, Zendehdel M, Zarei H, Central regulation
of appetite in birds: recent advances and future
perspective. J Poult Sci Avian Dis 1 (2023) 42-50.
Gharaie ML, Zendehdel M, Mahdavi K, Investigating
the role of melanocortinergic, glutamatergic and
neuropeptide Y systems on hypophagia caused by
gastric inhibitory polypeptide (GIP) in broilers. Poult
Sci 1(2025) 106324.

Mahdavi K, Zendehdel M, Zarei H, Decoding the role
of ghrelin and its interactions with central signaling
pathways in avian appetite regulation. Vet Res Commun
49 (2025) 73.

Liu ZJ, Shcherbatyy V, Kayalioglu M, Seifi A, Internal
kinematics of the tongue in relation to muscle activity
and jaw movement in the pig. J Oral Rehabil 36 (2009)
660-674.

Li P, Ross CF, Luo ZX, Morphological disparity and
evolutionary transformations in the primate hyoid
apparatus. J Hum Evol 162 (2022) 103094.

Scapino RP, Function of Digastric muscle in carnivores.
J Morphol 150 (1976) 843-859.

Brainerd EL, Baier DB, Gatesy SM, Hedrick TL,
Metzger KA, Gilbert SL, Crisco JJ, X-ray
reconstruction of moving morphology (XROMM):
precision, accuracy and applications in comparative
biomechanics research. J Exp Zool A Ecol Genet
Physiol 313 (2010) 262-279.

oy

[17]

[18]

[26]

(31]

(32]

Kier WM, Smith KK, Tongues, tentacles and trunks: the
biomechanics of movement in muscular-hydrostats.
Zool J Linn Soc 83 (1985) 307-324.

Franks HA, Crompton AW, German RZ, Mechanism of
intraoral transport in macaques. Am J Phys Anthropol
65 (1984) 275-282.

Thexton AJ, McGarrick JD, Tongue movement of the
cat during lapping. Arch Oral Biol 33 (1988) 331-339.

Napadow VIJ, Chen Q, Wedeen VJ, Gilbert RJ,
Biomechanical basis for lingual muscular deformation
during swallowing. Am J Physiol 277 (1999) G695-701.

Palmer JB, Rudin NJ, Lara GL, Crompton AW,
Coordination of mastication and swallowing.
Dysphagia 7 (1992) 187-200.

Abd-el-Malek S, The part played by the tongue in
mastication and deglutition. J Anat 89 (1955) 250-254.

Mioche L, Hiiemae KM, Palmer JB, A postero-anterior
videofluorographic study of the intra-oral management
of food in man. Arch Oral Biol 47 (2002) 267-280.

Tomura Y, Ide Y, Kamijo Y, Studies on the
morphological changes of the tongue movements during
mastication by X-ray TV cinematography. In:
Kawamura Y, Dubner R, editors. Orofacial sensory and
motor functions. Tokyo: Quintessence Publishing Co.,
Inc, 1981: 45-52.

Kayalioglu M, Shcherbatyy V, Seifi A, Liu ZJ, Roles of
intrinsic and extrinsic tongue muscles in feeding:
electromyographic study in pigs. Arch Oral Biol 52
(2007) 786-796.

Duanmu Z, Ali SJV, Allen J, Cheng LK, Stommel M,
Xu W, A review of in vitro and in silico swallowing
simulators: design and applications. IEEE Trans
Biomed Eng 71 (2024) 2042-2057.

Olson RA, Wood MK, Montuelle SJ, Williams SH, The
oral sensory system and dynamic modulation of tongue
kinematics during chewing in a carnivoran omnivore.
Integr Comp Biol 65 (2025) 1397-1415.

D'Alatri L, Marchese MR, Tizio A, Galli J,.
Pathophysiology and etiology of brainstem-related
dysphagia. Audiol Res 15 (2025) 153.

Wei KC, Wang TG, Hsiao MY, The cortical and
subcortical neural control of swallowing: a narrative
review. Dysphagia 39 (2024) 177-197.

Mistry S, Verin E, Singh S, Jefferson S, Rothwell JC,
Thompson DG, Hamdy S, Unilateral suppression of
pharyngeal motor cortex to repetitive transcranial
magnetic stimulation reveals functional asymmetry in
the hemispheric projections to human swallowing. J
Physiol 2007;585(Pt 2):525-538.

Hashimoto H, Takahashi K, Kameda S, Yoshida F,
Maezawa H, Oshino S, Tani N, Khoo HM, Yanagisawa
T, Yoshimine T, Kishima H, Hirata M, Swallowing-
related neural oscillation: an intracranial EEG study.
Ann Clin Transl Neurol 8 (2021) 1224-1238.

Galovic M, Leisi N, Miiller M, Weber J, Tettenborn B,
Brugger F, Abela E, Weder B, Kigi G, Neuroanatomical
correlates of tube dependency and impaired oral intake
after hemispheric stroke. Eur J Neurol 23 (2016) 926-
934,

Laurence-Chasen JD, Ross CF, Arce-McShane FI,
Hatsopoulos NG, Robust cortical encoding of 3D

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

ohlSer g (s9ine

Shzaly glaJae > dly (oLiS 5o,

[36]

[40]

[41]

[43]

tongue shape during feeding in macaques. Nat Commun
14 (2023) 2991.

Wilmskoetter J, Bonilha L, Martin-Harris B, Elm JJ,
Horn J, Bonilha HS, Mapping acute lesion locations to
physiological swallow impairments after stroke.
NeurolImage Clin 22 (2019) 101685.

Zainae S, Archer B, Scherer R, Bingman V, Ghasemi
M, Revealing goal-directed neural control of the
pharyngeal phase of swallowing. Dysphagia 39 (2024)
528-540.

Prescott SL, Umans BD, Williams EK, Brust RD,
Liberles SD, An airway protection program revealed by
sweeping genetic control of vagal afferents. Cell 181
(2020) 574-589.

Huang L, Wang Y, Sun J, Zhu L, Liu J, Wu Y, Shan C,
Yan J, Wan P, Incidence and risk factors for dysphagia
following cerebellar stroke: a retrospective cohort
study. Cerebellum 22 (2023) 1-11.

Cullins MJ, Connor NP, Reduced tongue force and
functional swallowing changes in a rat model of post
stroke dysphagia. Brain Res 1717 (2019) 160-166.

Watson BD, Dietrich WD, Busto R, Wachtel MS,
Ginsberg MD, Induction of reproducible brain
infarction by photochemically initiated thrombosis. Ann
Neurol 17 (1985) 497-504.

Rahmani B, Zendehdel M, Babapour V, Sadeghinezhad
J, Alirezaei M, Evaluation of betaine neuroprotective
effects on 6-hydroxydopamine induced hemi-
Parkinsonism in male Wistar rats. Iran J Vet Med 13
(2019) 290-302.

Mahdavi K, Khoramshahi H, Rehabilitation
management and treatment of swallowing disorder in
patients with Parkinson's disease: a narrative review.
Jundishapur Sci Med J 24 (2025) 153-165.

Ciucci MR, Russell JA, Schaser AJ, Doll EJ, Vinney
LM, Connor NP, Tongue force and timing deficits in a
rat model of Parkinson disease. Behav Brain Res 222
(2011) 315-320.

Russell JA, Ciucci MR, Hammer MJ, Connor NP,
Videofluorographic assessment of deglutitive behaviors
in a rat model of aging and Parkinson disease.
Dysphagia 28 (2013) 95-104.

OA

[44]

[46]

(48]

[49]

[50]

[51]

[52]

(53]

Saadat P, Khoramshahi H, Mahdavi K, Zahedi F,
Ahmadi A, Nikbakht HA, Comparison of two auditory-
perceptual evaluation indexes, CAPE-V and GRBAS
(machine learning), in patients with Parkinson's disease.
J Voice S0892 (2025) 1997(25)00361-3.

Gurney ME, Pu H, Chiu AY, Dal Canto MC, Polchow
CY, Alexander DD, Caliendo J, Hentati A, Kwon YW,
Deng HX, Chen W, Zhai P, Sufit RL, Siddique T, Motor
neuron degeneration in mice that express a human
Cu,Zn superoxide dismutase mutation. Science 264
(1994) 1772-1775.

Lever TE, Gorsek A, Cox KT, O'Brien KF, Capra NF,
Hough MS, Murashov AK, An animal model of oral
dysphagia in amyotrophic lateral sclerosis. Dysphagia
24 (2009) 180-195.

Lever TE, Simon E, Cox KT, Capra NF, O'Brien KF,
Hough MS, Murashov AK, A mouse model of
pharyngeal dysphagia in amyotrophic lateral sclerosis.
Dysphagia 25 (2010) 112-126.

Jackson AC, Rabies. Can J Neurol Sci 27 (2000) 278-
283.

Fisher CR, Streicker DG, Schnell MJ, The spread and
evolution of rabies virus: conquering new frontiers. Nat
Rev Microbiol 16 (2018) 241-255.

Ugolini G, Rabies virus as a transneuronal tracer of
neuronal connections. Adv Virus Res 79 (2011) 165-
202.

Broniatowski M, Dessoffy R, Azar K, Davies CR, Trott
MS, Miller FR, Tucker HM, Electronic integration of
glottic closure and cricopharyngeal relaxation for the
control of aspiration: a canine study. Otolaryngol Head
Neck Surg 112 (1995) 424-429.

Uchida A, Sasaguri H, Kimura N, Tajiri M, Ohkubo T,
Ono F, Sasaki T, Niwa J, Yoshihara T, Ishigaki S, Sobue
G, Katsuno M, Non-human primate model of
amyotrophic lateral sclerosis with cytoplasmic
mislocalization of TDP-43. Brain 146 (2023) 2883-
2895.

Kang Y, Chu C, Wang F, Niu Y, CRISPR/Cas9-
mediated genome editing in nonhuman primates. Dis
Model Mech 12(2019) dmm039982.

el 595516 5 (g3l b Alme


https://ijpp.phypha.ir/article-1-864-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-08-02 ]

OhlSen g (s9e Sy sloJse > dly (oLiS 5,

[ Review paper ]

Decoding the hidden mechanisms of swallowing
using comparative physiology in mammalian models

Karaneh Mahdavi!, Kimia Mahdavi?, Morteza Zendehdel**

1. Department of Speech Therapy, School of Rehabilitation, Babol University of Medical Sciences, Babol, Iran
2. Department of Basic Sciences, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran

Received: 7 June 2026 Accepted: 14 July 2026

Abstract

Swallowing disorders (dysphagia) are among the most common and dangerous consequences of neurological diseases;
however, their hidden mechanisms remain unknown due to limitations of invasive human studies. This narrative review
adopts a "decoding" approach to demonstrate how comparative physiology in mammalian models uncovers the hidden
layers of swallowing mechanisms and what insights this provides for speech therapy. At the comparative anatomical
level, X-ray Reconstruction of Moving Morphology (XROMM) studies in macaques have refuted the traditional
hypothesis of a dominant hyoid muscle role in tongue base retraction, instead revealing intrinsic tongue compression. At
the biomechanical level, three-dimensional imaging in pigs and macaques has revealed complex tongue flexion and roll
patterns during mastication and swallowing, showing striking similarity to human tongue movements. At the neural
control level, simultaneous recordings from multi-electrode arrays in macaque primary motor cortex and high-speed
tongue imaging have proven precise encoding of tongue shape and motion in this region; a finding that strengthens the
brain-machine interface promise for swallowing rehabilitation. At the clinical level, rodent models of nerve injury and
models of neurodegenerative diseases, including stroke, Parkinson's, and ALS, have enabled novel therapy screening and
identification of phenotype-specific pathophysiological elements. Overall, comparative physiology, by decoding the
anatomical, biomechanical, and neural layers of swallowing, has not only refuted old hypotheses but also opened practical
pathways for targeted dysphagia diagnosis and treatment. Understanding mechanism diversity across mammalian species
provides a systematic framework for appropriate animal model selection and designing targeted speech therapy

interventions.
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