command swallow) ; ICXDERBBREL
AT Z2HLOTH>%&. LHL, BEFEH
SEEYOETIS 4 BEBEET )L TIEHRET
#9, Process ModelfffgRani. D&
D, BRE#SEEMORT TR, BYRS
CEDOMBETEEINAEIC (stage |
transport), - K OW TR LTI
a1 (processing) BAS, FlCkbhed
BEE TEEBMMNCEHEZIN (stage I
transport), PUEEE (BRRBESEE) TR
BREndZEMBHSHICHE Tz, TLbE,
ZOBE, ORREE, ORGABIEEARI
XATEY, HD, ETRHEMNCERLER
AICETITDIEHASHEL L. bbb
nig, CoBREEHL, =5IC, BREH L
URGBZESURSYZHEHRET=E, COR
ROEBYPRCIZOTEBLHFCHSR
RTHDIIer®ELLE (KBEFS
2002), E5(c, BAPHBREESTHEICE,
BIREET R§IFAEEHCPIREEBI TTH
RICEKTHEI D EBHSHICLE, S0
MDPalmer& DFHFTT, LLOBELCHITS
EHROZRBCOWTREN RSN, D&FD,
BAOBERZEZSOETHERBL, BEME
WSBPEENEELOTEAL, BEEL
5&EhH'stage Il transport® ¥ &, HD,
BTRAGFOPRETORIREN (RIROBE
TRIBIRETT) ESIEFRITEVSREDN
TREBRO—HERE.

- IH0RDE T REHDHI D) 58 .
Stage Il transportiCf# 5> BROWBIEET
CERLTESICETREFERINBLEWL

SERIG, BRFERTRASEZNHNTSE
WHBZZEL. ER TheHEMNITBR
NFEOERTHEALET S (Lamkadem 5
1999). —A, E+DBE, COBEXRFER
Bl WS BRNSFABESEBRbnd. Y
25, RABRSHOENICFRT B3FLED
ERB/ERGD, £ hORBES [EPIBPRIC
BELTED, BREBESICELLCBRESS
CTRBEETHITLILESEDHTHD. b
nbhnlg, BRHIFIBETREZRCRIITES
EEZIIEBNTERV4FECHBERTE
BRE{I-o. TOBR, WEANOBEENKD
TICLB3BTREEROKEEE, BHHOGE
TEEY, F, BRFRELI>TERE
¥, BRI REORBCI>TOHELYT
SIENGhof. D2ED, IORBRECS
WTHBEIRTREZERCSERVE WAL,
Palmer £ HICZ ORBOR\HLE T AR
ZHERBLANSHEREERT, TOBR
Z3D200)gEERWELE. 1) BRI
TRAZEZOREZELEELL, 2) T
RRMIBHAGETRABLEZIIERITL
HEHNMGRBEELIERTELD o1, 3)
THREIRINETEZERIIETHOEL
PEBET OBEEAEZRRLTVEWL, &
WSHDTHS. ChSOBRICDODVWTIE,
ESICEMISEEICIT o I-BHE DBERK
TEBEBRERRI D ETETO—IHLD
AL, TRbLE, EEEHEOER
ETRRICEVWT, SEOLABRURBERR
(IHM: Initiation of Hyoid Movement) %
BTREEREBE LIIBE, SERACH
BLUTRESHEE TR, HMEBRUEED
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BRIZ, SFEBETTELIVE-DEXT oY
*—DERET THELET M@ (IHMBF(C
BIRA L DRBICEITLTWDEME) HH o
DICHL, BEPVOERBET TIXZOMM[
ZEDEM . DFED, ESYOHEBET
TREBFRLCTEBETHESDSNDILD, &
ORRE, TRETHERSNBHBT CESY
BREET S L FREFEFTHOET) & EEO

BFEMOERET OEEEN R S 0I6EH,

THOSE, KOUREHED2) HH5VWE3) %
XFTI3HLOEEZ SN, LLELD, REF
RTIE THWRFERET ORRICE U S TIRIE
TOBRTRABERCAEEEZESIEBL) &&
EHDIIENTEL., —7, BRELCEIS
HHET L HRET O RFIHBEES FR—
TR, CULAHEEICEBEAMNMELEAELD
S o T, AEORHEEILDOWTHHIR
OB EEZ ALV E B,

- BTREOEBANOEE -
BHEOHHERE L & BT REFHBRES
DBEFANEN I EVWIEEBLIRED
HBREICKD, HEEBHNERTREHES
L<IEBRTREZEMEBICS > TIHELL
FELEShIOEENTEREN. ORI,
BET—VICL>TESITRIT LW

(2) WBERICE 13 ERREH LS

ERETE BTaREETICX DR
BWTHD. fE>T, RO "BETRIGEEKL
LB EVWSEBRE—FEDEEEET .
Palmer(3 C ORBOARDEFROBIA & L

SERICBLWELTWVWS, BRIZ, NRER
RHSHRFOBRICEBLTWVS. 14
~15EBICBONEZ2BHLBT -5 &
PalmerOF — 9 & EDEHHETIDOHBE
COWTERLL.

- B OIFERES & NE - BEBEOE
it :

Duas (1997) &, HBEORBEER
hSHBEBONENRT ZEBELE. Ei
Palmer 5 (FERRE) (3, BHEPOIFR
BHEREL, FhitBE s RL0OTHAUE
TBTEEBUWELE. LKL, 38, bh
HNOBEBBORREHFRRL S, HBBOM
EREHTHD, HDWTHICL L TRES
LEISEI OBBMORNERENIBRVWI EER
WELE. Zhld, PETIR/RTHD,
BEEOS R IR EFIREROT T LN
PBEEBbNt. —A, bhbhiZEB
TERIBE €3 LBBEAO LA IR U
BARET BT EERBLELE. Shit, B
IR TIL, HEEIVERNBIZIC L > TRES
BRASEETZEVIHEREE->THED,
BEMBETSETVWBIHITRANER
BTE. ZOAR, £HBHOBSISS
B Bnnk. Mt BEPCHERERHE
REE - BEWEOTEANBRI NI, &R
SEORERBIC—BERT IBHHED, S
HORMEE L.

- IEEREEDBAZ !
IHEHE T ICE 1T 2RNOET allBRETO
BAROBREESVS, BoSHBBAEL
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FEI 3. DFD, HHIBATRETINRE
ETHSRAELCHEINZ0ILCH LEOREA
TRBENDBVWE VWS LEBRNEET 2.
COBAZDEULZRELH LB ZOMET
BRBDRARICENZVWHBEH ZREBEBOREE
EI3RCHBELTHRLE, TORSR, BE
BEOE W TRIRRETRE S ORIICHEW
BFEMEEZROE. LHL, BEBEEOHREND
MERCETIEVNSIHTVRELNSHD, &
DHERENEDEBZFENCBOHI-DOH
RN,

- ERUEEBH L DI :

EREERSAE, 5 (COHMRERT ORRDIREERL LIS
MY DYPRICDONWTHEL, W< DOHORG
HDIERZTol. TbB, 1) SO&C
SRLEEHOBLETEREREZINTVS
ESFVEU—RBERICEDAKBRIELTL
FS50T, THIRETHFELPLT < RIEHE
EROIURMELDHDICE, 2) BTIHO%
DHORUEDL > T VETRIOBR, BRIE
Bfu (chin down position) [XBEBESEL
FHlcHhRLE/Sstage |l transportDFERIC
BHERDN3 2L, 3) mEMREUZIEH
TEHERC—BICAVWSND TFELT LS
IC) &WSHERE, HRCERL TTEANES)
THLOTHEYTHD, BEELTLS
) EWS LEBOBEMBEIERT 5%
PRYTHDI L, BERKLBEELERN
BENf, e, FHESNTVIIIEETH
Ssupraglottic swallowDZEE2EICDWT,
BXROTF—9OBRETL, KETEREIN
TESBARBRFROEBERAL TR
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The Process Model of Feeding and its Clinical Implications

Jeffrey B. Palmer, M.D.

Department of Physical Medicine and Rehabilitation and Department of Otolaryngologv-Head and

Neck Surgery, Johns Hopkins University and Good Samantan Hospital, Baltimore, Maryland, USA

The Process Model of Feeding (PMF) is a major conceptual development in the study

of swallowing, The model grew out of research on mastication and swallowing in

mammals and was subsequently adapted to human subjects. I will present the

conventional model of swallowing, review recent studies that cast doubt on that

model, explain the PMF, and discuss its clinical implications,

The Conventional Four-Stage Model
of Swallowing

Swallowing is typically modeled as a
sequence of stages named for the areas
in which they occur. The four stages of
the Conventional Model (CM} are the
oral preparatory, oral propulsive,
pharyngeal, and esophageal stages.’
During the oral preparatory stage, food
is chewed and mixed with saliva. In the
oral propulsive stage, the bolus is
transported from the oral cavity to the
pharynx (Figure 1). The pharyngeal
stage includes transport through the
upper esophageal sphincter into the
esophagus. The CM incorporates 3
assumptions: 1) the stages are
sequential; 2) the oral propulsive stage s
brief, and the pharyngeal stage follows
immediately; 3) food entening the

pharynx during the oral preparatory

stage is pathological.’ The CM was

developed using the “command
swallow” paradigm in human subjects;
the subject was instructed to take liquid
in the mouth, hold it there, and swallow

on command.

The Process Model of Feeding

The mechanisms of mastication, oral
food transport, and swallowing have
been described in a variety of
mammals.” This research led to the
Process Model of Feeding (PMF). The
PMF divides oral food transport into
two stages: Stage I Transport moves the
food from the lips to the molar region,
Srage 1l Transport propels it from the
molar region to the pharynx. The timing
of food transport and storage is quite
different from that described in the CM.

In mammals, chewed food is transported

into the pharynx, where it is stored until
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swallow onset. The swallow itself
transfers this bolus from the pharynx to
the esophagus. Given their evolutionary
relationships, it is difficult to understand
why the process of swallowing would be
fundamentally different in humans than
in other mammals. Some have attnbuted
this to interspecific differences in
anatomy. The typical mammal has its
larynx in a high position, just behind the
oral cavity. The palatal folds wrap
around the larynx, separating it from the
pharynx, so food can be stored in the
pharynx without aspiration. At birth, the
human infant has a high larynx. During
childhood, the

achieving the adult configuration by 8

larynx  descends,
years of age.* The adult human larynx is
low in the neck, making the larynx
vulnerable to penetration by food in the
pharynx. Another proposed explanation
for the difference between the PMF and
the CM is the difference in experimental
methods. The mammalian studies were
naturalistic; experimental animals were
free to determine the rate and manner of
eating and dnnking. This 1s quite
different from the command swallow

paradigm of the human studies.

Studies of Feeding in Man
Videofluorography was used to study
healthy young adults eating and drinking

. . 5
in as natural a manner as possible.” We
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found that chewed solid food was
transported into the lower oropharynx as
much as six seconds before the onset of
swallowing. The patterns of oral food
transport and swallowing were similar to
those in other mammals. Our critical
findings were replicated in several
studies using videofluorography® or
fiberoptic endoscopy.” Single swallows
of liquid showed the sequence of stages
predicted in the CM, but studies of rapid
sequential swallowing revealed liquid in
swallowing,

the pharynx prior to

violating the CM.*

Karen Hiiemae and 1 adapted the PMF
to describe the major events occurring
during solid food intake in man.” During
Stage I Transport, the bite of food is
placed on the lower molars by tongue
retraction and rotation. In Food
Processing, food 1s chewed and mixed
with saliva. When a portion of the food
is ready for swallowing, 1t is propelled
into the pharynx. This propulsion,
known as Stage If Transpori, is usually
accomplished by a “squeeze-back”
mechanism (Figure 2) nearly identical to
that described for the oral propulsive
stage of swallowing (in the CM). Food
processing often continues after stage II
transport begins, and additional food
gradually accumulates in the pharynx

(dunng the Oropharyngeal Aggregation



Time, OPAT). OPAT is highly variable;
1t may be an instantaneous event or last
as long as 5 to 10 s in normal
individuals. At a vanable time after
onset of OPAT, the pharyngeal swallow
occurs. The main difference between the
CM and the PMF is bolus aggregation in

the pharynx (OPAT).

Clinical Implications

A fundamental difference between the
CM and the PMF is the role of the
food
swallowing. In the CM, food passes

pharynx in transport  and
through the pharynx very rapidly, and
aggregation of food in the pharynx is
the PMF,

however, the pharynx i1s the normative

considered abnormal. In

site of bolus formation for solid foods.
The notion that food does not normally
remain in the pharynx for an extended
period of time gave rise to the concept
of “delayed swallow onset.”'® However,
we now know that chewed solid food
may normally remain in the pharynx for
5 to 10 s. Recent studies have revealed
that liquids may also enter the pharynx
well before swallow onset in healthy
elderly subjects.'’ Delayed swallow, as
previously defined, is an outmoded

concept.

Respiratory complications are common

in individuals with dysphagia. When

food collects in the pharynx, there 1s
constant risk of aspiration. Indeed,
aspiration pneumonia is common 1In
dysphagic individuals, and is a major
cause of morbidity and mortality in
stroke patients.'? It is not known what
mechamisms prevent aspiration during

OPAT, but

alteration of respiration,'” partial closure

possibilities  include
of the vocal folds,” and optimization of
bolus cohesion during mastication. '

Evaluation of individuals  with
dysphagia typically focuses on the
ability to swallow liquids. The PMF
raises concerns about aspiration of
chewed solid food. If food is inhaled, 1t
may cause serious sequelae, including
airrway obstruction. Thus, the
comprehensive evaluation of individuals
should

assessment of the ability to drink liquids

with  dysphagia include

and to eat solid food.
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FIGURE 1

A liquid swallow as seen from the lateral view. The airway is shown in white; bony

structures are shown in dashed line. From Donner et al’®
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FIGURE 2

A. Tongue tip pushing
\’2 up against the palate

[

B. Leading edge of the
food at the fauces

C. Leading edge of food
entering oropharynx.

Stage I Transport. A. The tongue pushes against the anterior palate. B. The area of
tongue-palate contact expands backward, squeezing the bolus back. C. The leading

edge of the food enters the oropharynx. The arrows show the expansion of the area of

tongue-palate contact from the anterior to posterior. From Palmer. e
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