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The tongue plays a critical role in bolus propulsion through the oral
cavity and pharynx. This manr-rscript reviews the fypes of lingual impairment
and overall oropharyngeal slvaliowing impairment present after treatment
for head and neck cancer; specifically, surgery and primary chemoradiother-
apy. Oral tongue impairment in surgically treated patients can inciude
reduced range of motion, reduced control, and reduced abiliry to manipr-r-
late, seal, and propel a bolus into the pharyrrx. Tongue base impairment can
result in reduced bolus clearance through the pharyrx, resulting in phar-
yngeal residue and aspiration. The biologic effects of radiotherapy are
described, with tissue fibrosis being a primary contributor to developrnent
of oropharyngeal swallor,v disorders. In parients treated with primary
chemoradiotherapy, lingual strength has been found to be reduced, as has
oral and pharyngeal structural movement during the swallow. The effects of
skeletal muscle strengthening progriims on muscle physiologv are discussed,
as are the effects of tongue strengthening exercise progrxms on tongue
strength and swallowing. Future research needs are addressed.

KEYWORDS: Tongue strength, head and neck cancer, swallowing

Learning Outcomes: As a result of this activity, the reader will be able to identify hcw tongue function and
swallowing are impaired in the treated head and neck cancer oopulation.

Treatment for head and neck cancer can Treirtment can include surgery, with or withor-rt
result in swaliowing problems affecting both radiotherapy, or organ presen,ation treltment,
orrl and pharyngeal phase swallorv functioning. typically chemoradiotherapy. Both surgery and
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The tongue plal's a major role in the propulsion
of tl're boius through the oral cavity into the
pharyn-r and through the pharynx. The tongue
prepares the bolus for propulsion into ihe
pharyy, providing the containment, shaping,
control, Tateralization, retrieval of, and ,.oling
ofthe bolus asainst the palate in preparation for
propulsion into the pha.1,rr.1'2 The tongue acts
as a two-pump system during swallowing, rvith
tl.re oral component providing the drivin! force
to propel the bolus through the oral cavity i,,,to
the pharynx and the tongue base providing the
driving force to propel the bolus througli the
pitarJ.rx.- "

Surgical resection oforal and oropharyng_
eal cancer can result in deficits i,i to.,gJ.
lunction that can affect both the oral and
pharvngeal phases of swallowing. patients har,_
ing undergone oral ar.rd oropharl,ngeal cancer
resectior.rs dernonstrate difficulty with oral
tongue range of motion, strength, control,
bolus m:inipr.rlation, and propulsior.r into the
phan'nx, resulting in prolonged oral transit
times, oral residue, and increased r-rumber of
swallows per bolus.T-1a L.r addition, pharyngeal
phase swallow impainnent in this ,orr'l. po!.,_
lation can include reduced tongue b.r" .^ng. of
motion, delayed triggering of the pharyngeal
motor respotrse, reduced pharyngeal contrac_
tion, reduced h1'olaq,ngeal notion, reduced
airway entr:rnce closure, and reduced opening
within the upper esophageal spl.rincter i.gior,]
resulrirrg, _in phary,ngeal rcsidue ,,nd 

".!i."_ti,rn.t'10-i-_ Timing of ,1,. nrrrseullr .n,npo-
nents of the pharyngeal motor ,"rponr. .",.,
be de layed, sluggish, :ind discoordinated.l0
Postoperative radiotherapy can have a negative
efTect on swallow functioning and can ,.r'ul, ;,-,
worsered performance.Ia pauloski, Rademaker,
and Colangelols found poorer swallow func_
tioning in a group oforal cancer patients treated
u'ith surgery and postoperative r:rdiotherapy as
compared with a similar group of surgically

EFFECTS OF ORGAN PRESERVATION
TREATMENT GN TONGUE FUNCTION
AND SVUALLOWING
Organ preservation treatment protocols of ra_
diotherapy with or without chemotherapy for
head and neck cancer can result in .u.. .rt..
similar ro those seen following surgery with or
without postooerative radiotherapy.tutts Horr_
ever, these protocols also can result in reduced
qualiry of life, particularly as evidenced by
swallowing problems after treatment.le-23
Oral and pharyngeal phase swallor,r4ng disor_
ders have been obsen ed in head and r,e.k
cancer patients treated rvith orga.nlresen.ing
protocols of chemoradiotherapy. l I '24-31 Cral
phase impairment has been obsen ed, rvith
reduced range of lingual motion, reduced lin_
gual strength, impaired bolus formation, im_
paired bolus rransport through the oral cavity,
prolonged oral transit tirnes, and incre,rsed oral
residue p.r..nt^g.r.tt'2t'2s plr^ryngeal phase
swallowing disorders include impaiied tongue
base posterior movement, impaired veloph"ar-
yngeal closure, delayed triggering of the
pharyngeal sw:lllorv, reduced pharyngeal con_
tractiorr, reduced hyoid ernd laryngeal morion,
reduced laryngeal vestibule and glottic closure,
and. reduced opening of the upper esophaeeal
sphinctcr, resulting in impaired bolus clearance
and aspiration.24-34 The extent, rate, timing,
irnd coordination of pharynge al structuril
movement is often irnpaired, resultir.r.q in re_
duced b,,lus cleerance through rlre phar1.rui :rnd
aspiration, the last of which is often si_
1.n,.1 1'2a,25'28,2e,32-36 

Lazarus and colleagues2e
exarnined swallowing in a group of nine head
and neck cancer patie nts with mlred tumor sites
tre2lted with organ preservation chemoridio_
therapy and in a group of age- and gender-
matched healthy conrrols. A biomechanical
iinalysis of srvallows with videofluoroscopy re-
vealed slorver, more sluggish movernent of
pharyngeal structures during the pharl,ngeal

ToNGUE STRENGTH/EXEFclsE lN HEALTHY lNDlvlDUALs AND cANCER pA,TtENTS/LAZABUS 261

organ preservation treatments can result in treated patients without postoperative radio-
de^ficits of tongue function thar can negatively therap1,. Specificaily, irradiated parients were

:.1t1 "t" and phrry'geal phase ivallow fou.,i'to t"ru". tong.. oral rransit rimes, lorverruncrron. oropharyngeal swalio* efficiency, incre ased
pl-raryngeal residue, and reduced cricopharyng-

FFFEcrs GF suRGERy c*r F*F*GUE 
eal ope.ing duration'

FUNCTION AND SUVALLOWING

tongue function and

F, with or rvithout
vation treiltrnent.
Eoth surgery. ,rrrd

--=---_
[i::!c'"'t Edit"',

L267. Crp.,rirhr ,
,, rnc_.,333 Scvcnrh
r. lel: +1(212) 5g+_

734-0178.

i



262 serurrunRs tN spEEcH AND LANGUAGE/voLUME 27, NUMBER 4 2006

Figure 1 Example of reduced extent of tongue base and pharyngeal wall motron during the swallow jn a headand neck cancer palient treated with chemoradiorherapy and a healthy age- and gender-matched control. (Takenfrom Lazai-us, et al. Laryngoscope 1996;106:1 167_.1 1 66.)

;(": 1). l
waslm
72 mont
undenven
vicleofluor

revealed i
n-rotion fo
ically, in r

dernonstra

compared

dividuals.s
with tumc
patie nts d
strength at

.ing. Radia
oroplury,,-
these patie
tissue fibrc
lor,ving. Sir
seen ii-r a p

cancer pati
rirdiotherap
demonstrat
compared

healthy cor

dentonstrat
eal phase sr

ment. Oral
abiliqv to p

resulting in

Table 1 F

Patients Tr
apy for Ora

OrS"" l"
Radiation

Parotid glanc

Submandibul

Oral tongue

Tongue base

Soft palate

Oropharynx

Hypopharynx

Supraglottic lr

Entire larynx

Beproduced fr
Rademaker A\
lowing and tot
and oropharyn
and Hearing Rr

motor response rs compared with healthy
controls. In addition, patienrs exhibited rel
duced extent of structural movement (i.e., in-
complete tongue base to phrryngeal wall
contact, reduced laryngenl elevation, reduced
hyoid motion) as compared with controls.
Figure 1 shows incomplete tongue base-to-
pharyngeal rvall contact durine the s."vallorv in
a paticnt treated r,vith chemoradiotherapy as
comprred with ln rge- and g.nd.r-mri..l,ed
healthy control.

The etTects of radiotherapy ofien resr.rlt in
persistence or worsening of srvallolv functior-t
over time (i.e ., several ve,rrs),31-31'37,.18 and a.e
likely caused by the lete rldiation chrrnges tl.rrrt
occur with reduced vascular suppll, to the
muscles and by eventual tissue fiLrosis.3e-a2
Fibrosis within the oril and ph2rrynseal mus_
culatr:re is believed to be the pri,""ry cause of
orrl and.phaylgirl ph,,s. s,u,rllo*irig impeir-
ment.r 1,.r0,32.1r.32,18'

The effects of radiotherapy on rissue crirl
also include impaired,,.,-,r"i transmission,
impaired muscle contrlction, ferve r muscle

fibers, and reduced fiber size, as r.vell as the
repltcement of ri-ruscle lvith connective and
fibrotic tissue as a result of a reduction in
blood supply to the muscle.a0-+6 Srtrdies ex_
amining the effects of radiotherapy on muscle
strength hrve found decrements in strensth
with rldiorhcrilir)-.r7.rs These srudicr, hu"ru_
ever, h'lve lbcused on the limbs. N,Iuscle wast-
ir.rg ar.rd loss of mo\.ement hlve also been
obsen'ed as eirrly and lare complications fol_
lolving radiotherapy to skeletal muscle.lT In_
terestingly, lVatkin and colleagu.st2 fo,.,,.,d
tl.rat the use of lir-rgual gestures improves blood
flow ro the tongue in heirlthy inciividuals and
in patients treated lvith chemoradiotheraoy.
Their data argue for lingual exercise prog.r-,
to potenti:rlly prevenr lingurl fibrosii rrrcl
swrrllowing imprirment.

A recent study by Lararus4e examined
tongue strength in a group of 12 head and
neck cancer patients with mixed tumor sites
treated with prirnary radiotherapy r.vith or with_
out chemotherapy. Turnor sites includecl
tongue base or tonsil (z - 5), nasopharyrrx
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(r::{), hvpopharynr (n:2), and lzrr1,p,
(zr: 1). Tine sir.rce con.rpletion of radiotherapy
ri'as 1 rnonth to 15 1'ears, rvith a mean of
72 rnonths in these patie nts. A11 patients
underucnt assessrnent of tongue stre ngth and
videofluoroscollic su'allo.rv assessmellt. Results
revealed irrpain-r-rent of tor-rgue base posterior
mction fbr svvallorving, as observed rirdioerlplt-
ict1l1., in ill patients. In irddition, rrli patier-rts

dernonstrated reductions in tongue strength as

corr-rpared with nonnative data ir-r herrlthy in-
diviclu'.-.1s..s0 Clear11', even for thosc pirtienrs
u,itir tumors not originating in the tongue, all
patients demorrstrated dccrerrrer-its in tongue
strength and tongue base fur-rction for sr,vallorv-

ir-re. Rrrdiation treatment volurre included tl-re

orophirn.nx as a result of r.reck disease in all of
thesc patients, which likely resulted in lingual
tissue fibrosis and reduced function for su'al-
lorvir.rg. Sinilar radi:rtion trcatn-rent volune rvas

seen in a group of 13 oral and oropharl'r.rgeal
cancer patients trezlted tvitl-r primarv chemo-
radiotherapyl t 1T*bl" 1). Thesc parients
dernonstrated deficits in tongue strength as

compared with age- and gender-matched
healthy control subjects. These patienrs also

der.nor.rstrated impairment in oral and pharyng-
eal phase srv:rllow functionir.rg following treat-
ment. Oral phase disorders ir.rclude reduced
ability to propel the bolus into the pl.raryrx,
resulting in prolor.rged oral transit times and

Table 1 Radiation Treatment Volume for 13
Patients Treated with Primary Chemoradiother-
apy for Oral and Oropharyngeal Tumors

Organ in
Radiation

Field Number
of Patients

oral resiCue, and reduced tongue strength, re-
sulting in tongue irnd pirlate coating after tl-re
srvallou,. Pharl'ngeal pl.rase rnotiliq' disorders
inclr,rtled rcduced tongue base posterior motion,
reduced laryngeal elev:rtion, and reduced 1ar-
ynge:il vestibule closure, all of rvhich resulted ir.r

reduced bolus clearancc througl.r the pharyrr-r
irnd phrrn,ngeal residue, some of u,l'iich lesidue
rvas aspirated after the slvallow in these ;'ra-
tients. These oropharvngezrl srvlllow disorders
are like11' caused b1, the fibrotic effects of rtrdio-
thertrpy. Tongue strength ir-r these patients
correlated rvith oropharyngeal srvallorv cffi-
cienc1,,s1 a global measure of srvallorv efficier-rcy

that takes into irccount the speed of tire srv:rl-
1ow, the approxinrate percentxge srvzrllorved,

and aspirirtior-r before or durir.rg the s'w,allorv.

Greater tor.igue strength corrclated rvith higher
oropharyngeirl srvallow efficiency measures. In
addition, tongue endurance correlated rvith
percentage oral residue in these patients, u'ith
greater endulance correlating rvith less oral
residue.

TONGUE STRENGTHENING
EXERCISE AND SWALLOWING

Tongue Strength and Swallowing
in Abnormal Populations
Tongue strer.rgth is clearly important for bolus
transport and clearance through the oral caviry
and the pharynx. Indeed, increased muscular
activity is required to propel firrner food boluses
through the oral cavity in healthy individuals.s2
Lazarus et a111 found that tongue strength
correlates with temporal measures of orophar-
vngeal swallowir.rg, including oral and pharyng-
eal transit tir.nes and percentage of oral residue.

Tongue strength has been found to be a good
predictor of oral phase swallowing impairment,
including bolus manipulation and clearance.5'3

Ka1,s et als' found tongue strength impaimrer.rt
to correlate with ma-ximal isometric pressures,
maximurn swallow pressures, and in-rpaimrent
of srvallow function, as measured by Penetra-
tion/Aspiratior.r Scale ,.or.r55 in a group of
stroke patients. They further found tl-rat the
Penetration/Aspiration Scales differer-rtiated
aspects of the occurrence of airway penetration
among normal swallowers, stroke patients, and

Parotid gland

Submandibular gland

Oral tongue

Tongue base

Soft palate

Oropharynx

Hypopharynx

Supraglottic larynx

Entire larynx

13

13

13

12

12

12

5

6

Reproduced from Lazarus CL, Logemann JA, Pauloski BF,
Rademaker AW, Larson CB. Mittal BB, Pierce M. Swa!
lowing and tongue function following treatment for oral
and oropharyngeal cancer. Journal of Speech-Language
and Hearinq Research 2000;43:101 1-1023.
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