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Summary

Phayngo-esophageal
dysfunction is common after
chemo-radiation for HNC. A
program of preventative
exercise for swallowing was
tested in a randomized phase
II study. Subjects receiving
the swallowing program
demonstrated significant
benefit over the comparator
arms (usual care and
placebo) in maintenance of
swallow muscle composition
and preservation of swal-
lowing function, salivation
and chemosensation. Thus
simple swallowing exercises
administered daily
throughout chemo-radiation
treatment may offer a cost
effective way to prevent
swallowing related morbidity
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Purpose: Dysphagia after chemoradiotherapy is common. The present randomized clinical trial
studied the effectiveness of preventative behavioral intervention for dysphagia compared with
the “usual care.”
Methods and Materials: A total of 58 head-and-neck cancer patients treatedwith chemoradiother-
apy were randomly assigned to usual care, sham swallowing intervention, or active swallowing
exercises (pharyngocise). The intervention arms were treated daily during chemoradiotherapy.
The primary outcome measure was muscle size and composition (determined by T2-weighted
magnetic resonance imaging). The secondary outcomes included functional swallowing ability,
dietary intake, chemosensory function, salivation, nutritional status, and the occurrence of
dysphagia-related complications.
Results: The swallowing musculature (genioglossus, hyoglossuss, and mylohyoid) demonstrated
less structural deterioration in the active treatment arm. The functional swallowing, mouth
opening, chemosensory acuity, and salivation rate deteriorated less in the pharyngocise group.
Conclusion: Patients completing a program of swallowing exercises during cancer treatment
demonstrated superior muscle maintenance and functional swallowing ability.� 2012 Elsevier Inc.
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Introduction

three treatment options.
The swallowing deficits from oropharyngeal cancer and the ther-
apies used to control the disease are devastating to functional
feeding outcome (1, 2). Specifically, the swallowing outcomes of
patients treated with external beam radiotherapy are poorer than
those of patients treated by surgical intervention alone (3e5). One
reason for the effect of external beam radiotherapy on swallowing
is the development of deep tissue fibrosis (6, 7). The formation of
radiation-induced fibrotic tissue and the acute radiation effects
(i.e., edema, mucositis, xerostomia) can act collectively to
promote muscular disuse or atrophy, contributing to the decline in
swallowing function (8, 9).

Skeletal muscle demonstrates remarkable plasticity in response
to functional demand (8). Muscles atrophy rapidly after immobi-
lization or disuse (9e11). In contrast, aggressive treatment with
weight-loaded exercises results in the recovery of strength and
work capacity in previously weakened muscles (12, 13). Head-
and-neck cancer (HNC) patients undergoing chemoradiotherapy
(CRT) frequently demonstrate muscle changes as a result of
fibrosis, muscle edema, and fatty infiltration. Moreover, they have
a reduced swallowing frequency owing to the discomfort resulting
from the acute radiation effects (14). In essence, they demonstrate
constraint-induced muscular weakness from swallowing avoid-
ance. We postulated that swallowing exercises would facilitate
maintenance of oropharyngeal muscle function. The present study
evaluated the benefit of a battery of exercises on the maintenance
of muscle composition and function for swallowing in HNC
patients undergoing CRT. Specifically, the maintenance of
oropharyngeal muscle size and composition as identified by T2-
weighted magnetic resonance imaging (MRI), level of functional
swallowing ability, maintenance of nutritional and chemosensory
indexes, and the occurrence of dysphagia-related complications.
Methods and Materials

The present study was undertaken at a university hospital cancer
center. The local institutional review board approved the study
protocol. All participants signed an approved consent form.
Patients

Patients presenting to the Cancer Center from 2001 to 2004 were
screened for inclusion. The patients were included if they pre-
sented with (1) HNC of the oropharyngeal regions, confirmed by
the clinical history and examination findings, with positive cross-
sectional imaging studies and histopathologic biopsy, excluding
other pathologic factors; (2) external beam radiotherapy was
planned; (3) and they had no history of nonoral feeding for cancer-
related illness and were able to undergo MRI procedures.
Study design

The present study followed a randomized, controlled trial design.
The treatment allocation used a computer-generated blocked
random numbers list. The randomization schedule was held in the
trial office, remote from the study environment. After review by
the study radiation oncologist, the eligible patients were informed
about the trial and, after consenting, randomly assigned to one of

Interventions

The three treatment groups included usual care, standardized sham
treatment, and high-intensity behavioral treatment (pharyngocise).

The usual care (control) group included patient management
by the attending radiation oncologist “as usual.” Treatment, if
offered, consisted of supervision for feeding and precautions for
safe swallowing (e.g., positioning, slowed rate of feeding) by the
hospital speech pathology service. The patients in this group
received focused attention sessions during the course of CRT from
a research assistant, consisting of weekly telephone calls to
monitor the swallowing outcome.

Standardized sham therapy included a buccal extension
maneuver (“valchuff”) and appropriate dietary modification, under
the direction of the study speech pathologist, twice daily for the
duration of the CRT. The patients assigned to this group completed
the exercise for 10 repetitions over 4 cycles, each of 10 minutes’
duration. The treatment sessions were 45 minutes in duration.

Standardized high-intensity swallowing therapy (“pharyngo-
cise”) included a battery of exercises (e.g., falsetto, tongue press,
hard swallow, and jaw resistance/strengthening using the Therabite
Jaw Motion Rehabilitation System [15]) and dietary modification,
under the direction of the study speech pathologist, twice daily for
the duration of the CRT (up to a maximum of 6 weeks). The patients
assigned to this condition completed the four swallowing exercises
in 10 repetitions over 4 cycles, each of 10 minutes’ duration. The
treatment sessions were 45 minutes in duration.

Masking/blinding

Only the treating speech pathologist and patients were aware of
the intervention assignment. The study staff worked independently
of the hospital service and did not share trial information. The
speech pathologists in the hospital service continued to receive
sporadic referrals from the radiation oncology staff. The attending
radiation oncologists were unaware of the randomization assign-
ment of their patients.

Outcome events

Before CRT, all subjects received a standard clinical and instru-
mental swallowing assessment, nutritional examination, quality-of-
life questionnaires, and T2-weighted MRI. All baseline measures
were repeated at CRT completion and at 6 months after CRT.

The outcome was assessed by 2 independent speech patholo-
gists (M.C., G.C.), who were unaware of the treatment allocation.
The swallowing progress and occurrence of possible complica-
tions were sought from multiple overlapping sources. Information
about the specific swallow treatment was not requested, and the
direct treatment records were not reviewed to maintain the
blinding. Additionally, patients in both the sham and the phar-
yngocise arms completed a daily home record of the exercise
conducted between treatment sessions. The outcomes after
discharge was recorded by the patient or caregiver in a diary and
reviewed at monthly telephone interviews.

The primary outcome measure was the change in muscle size
and composition identified by T2-weighted MRI from before to
after treatment and at 6 months after randomization.
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T2-weighted MRI

Magnetic resonance imaging was conducted to quantify the
baseline muscle parameters in the oral cavity and pharynx. The
muscle size, composition, and T2 signal intensity was docu-
mented. The patients were scanned using a Siemens 1.5 T Vision
MRI scanner and a phase array neck coil. Multiplaner localizer
and subsequent T1-weighted sagittal images were acquired
through the face and upper neck for localization. Subsequently,
a T2 relaxation mapping sequence (Carr-Purcell-Meiboom-Gill
sequence) was performed in the axial plane. This T2 mapping
sequence was performed with a repetition time of 2,000 ms and 16
different excitation times (23, 45, 68, 90, 113, 135, 158, 180, 203,
225, 248, 270, 293, 315, 338, and 360 ms) to allow objective
calculation of the T2 value of the different anatomic structures of
interest. The T2 relaxation images were performed in two separate
sets of five images of 5-mm slice thickness and an interslice gap of
2.5 mm using a 180-mm field of view through the oral cavity and
glottic region. The T2 relaxation images in the coronal plane
through the oral cavity were done using the same imaging
parameters. The axial T1-weighted images aligned parallel to the
true vocal folds were done from the hard palate to the upper
trachea with a repetition time of 700 ms, excitation time of 15 ms,
and flip angle of 90� using the same field of view and slice
thickness as used for the T2 relaxation images.

Axial T2 relaxation images through the oral cavity were used to
measure the length, width, and T2 relaxation time of the genio-
glossus muscle and the thickness and T2 relaxation time of the
mylohyoid, hyoglossus, and middle pharyngeal constrictor
muscles. In addition, the thickness and T2 relaxation time of the
mylohyoid muscles were measured on the coronal T2 relaxation
images. Images through the glottic level were used to measure the
thickness and T2 relaxation times of the inferior pharyngeal
constrictor and cricopharyngeus muscle, as well as of the cervical
esophagus. For the measurement of the T2 relaxation time, the
regions of interest were placed into the widest portions of the
visible muscle at the level of best differentiation of the muscle to
the adjacent tissue planes. For patients with significant muscle
wastage, the size of the regions of interest was adjusted to the size
of the wasted muscles to avoid a skew of the readings by capturing
the relaxation time of the adjacent tissue planes. The distance
measurements were performed by a board-certified radiologist
(I.S.), with qualification in neuroradiology, who was unaware of
the clinical and disease status of the patients. The measurements
were recorded for each side separately.

The secondary outcomes included the following:

Changes in the Functional Oral Intake Scale score (FOIS) (16).
An abnormal diet was defined as nonoral feeding or oral intake
requiring a restricted consistency or special preparation (i.e.,
FOIS level of�5). Functional swallowingwas defined as a return
to the pre-CRT diet without swallowing-related complications.
Swallowing function measured using the Mann Assessment of
Swallowing Ability (MASA) (17), confirmed by the video-
endoscopic and videofluoroscopic evaluation findings. A
significant change was defined as �10 points on the MASA.
The videofluoroscopic assessment included a standard protocol
of thin liquid, nectar-thick liquid, and pudding (Varibar, EZ-
Em, Westbury, NY) in 5- and10-mL amounts. If appropriate
(i.e., did not place the patient at risk of airway compromise),
the patients were offered a cup to drink self-selected volumes
of liquids and a cracker coated with barium pudding to
masticate and swallow. The videofluoroscopic assessment was
conducted by a radiologist, who was unaware of the results of
the clinical assessment. Scoring followed a published median-
weighted scoring system (18, 19).
Change in mouth opening during the study period.
Change in nutritional status, reflected by patient weight during
the study period.
Favorable outcome (i.e., composite variable of weight loss
<10%, maintenance of oral feeding, and change in MASA of
�5 points).
Occurrence of dysphagia-related complications (e.g., pneu-
monia, dehydration).
Change from baseline to 6 week assessment in unstimulated
whole saliva production measured using standard saliometric
techniques (20).
Change in smell and taste perception evaluated using the
University of Pennsylvania Smell Identification Test (21)
(Sensonics, Haddon Heights, NJ) and Accusens T Taste func-
tion kit (22) (Westport Pharmaceuticals, Westport, CT).
Statistical analysis

Sample size calculations were determined from previous reports
that 30% of HNC patients with dysphagia returned to a
pretreatment diet by 6 months. Because previous studies had not
used concomitant swallowing therapy, we hypothesized that the
patients assigned usual care would have greater muscle decline
and that concomitant swallowing therapy would improve that
rate by 20% in absolute terms to 50% at 6 months. Therefore,
we estimated that 60 patients would provide 80% power at the
5% (two-tailed) significance level to identify this treatment
effect.

Repeated measures analysis of variance were used to evaluate
the primary MRI outcome. Post hoc testing used Dunnett’s and
Bonferroni’s corrections. The risk ratios and 95% confidence
intervals were derived for the functional outcomes. Chi-square
tests were used for the discrete counts of patients with adverse
events. The three treatment groups were directly compared as the
numbers permitted. Subsequently, the primary comparison of
interest was between the pharyngocise and usual care groups. A
trend analysis was conducted using the chi-square test for linear
trend in proportion for all three groups. Exploratory logistic
regression analysis was conducted for a favorable outcome at the
CRT endpoint.

Results

A total of 703 HNC patients were reviewed between November
2001 and April 2004. Of these 703 patients, 92 (13%) were
eligible for inclusion (Fig. 1). Of the 92 eligible patients, 58 (70%)
provided written informed consent and were randomized to the
usual care (n Z 20), sham (n Z 18), and pharyngocise (n Z 20)
groups. The reasons for nonenrollment are provided in Fig. 1. The
ineligible patients did not differ significantly from the enrolled
subjects in tumor type (p � .95), location (p � .81), or size (p �
.57). All randomized patients were included in the intent-to-treat
analysis.

The three study arms were characterized by a similar propor-
tion of baseline factors (Table 1). The mean interval to recruitment
was 35.1 � 28.6 days after diagnosis, and the mean interval to
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Fig. 1. Trial profile.
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randomization in the study was 2.8 � 8.2 days after the radiation
oncology assessment. Of the 58 patients, 36 underwent radio-
therapy and 22 underwent concurrent chemotherapy. The mean
duration of CRT was not different among the three groups. No
significant difference was found among the groups in age, gender,
tumor size, tumor site, tumor location side, radiation dose
administered, or provision of concurrent chemotherapy (Table 1).
During the treatment course, 3 patients died of complications
associated with their primary diagnosis or treatment.

Swallowing intervention

The number and duration of swallowing therapy sessions for the
patients assigned to the treatment arms (pharyngocise and sham)
were significantly greater than those for the usual care group [F
(2,81) Z 4.8, p < .0001]. No differences emerged between the
treatment arms in the intervention length (p � .58), total work/
exercise performed (cycles) (p � .42), or duration of sessions
(minutes) (p � .016). The number of sessions received differed
significantly between the groups (pharyngocise, 19.9; sham, 25.8;
t Z �2.194; p � .03).

Home practice

On average, 68% of the subjects complied with the home practice
activities. Significantly more subjects in the sham group (28.3)
than in the pharyngocise group (20.4; t Z �3.096; p < .007)
complied with home practice.

Follow-up

The follow-up data to 6 months were complete for 31 (56%) of the
55 survivors. The data from the 3 patients who died and the 24
patients lost to follow-up (16 at 6 weeks and 8 at 6 months) were
censored for the time spent in the study and included in the
analysis (Fig. 1).
Primary outcome

Maintenance of muscle composition
All groups demonstrated deterioration in muscle composition
during CRT (Fig. 2). Our primary focus was to prevent the deteri-
oration in muscle and swallowing characteristics. The MRI data
calculated for the primary side of radiation exposure are presented in
Table 2. The data for three muscle groups (i.e., middle pharyngeal
constrictor, inferior pharyngeal constrictor, and cervical esophageal
wall) demonstrated movement and image artifact in the follow-up
examinations and are not presented. From the remaining muscles
groups, the muscle size and T2 relaxation time were significantly
different among the study arms (Table 2). Specifically, threemuscles
related to swallowing function demonstrated greater preservation in
the pharyngocise group. The genioglossus showed more deteriora-
tion in the usual care group (length, p � .03; T2 value, p � .01).
Similar findings were obtained for the mylohyoid (thickness, p �
.02; T2 value, p �.017) and the hyoglossus (length, p � .01; T2
value, p � .037; Table 2). The T2 relaxation time demonstrated
a significant reduction in all three muscle groups for the phar-
yngocise group compared with the other study groups.
Secondary outcomes

Functional swallowing ability
Thirty-one percent of the patients demonstrated a significant
reduction in the MASA score (defined as �10 points) during the
CRT period. The functional swallowing ability deteriorated less
(chi-squareZ 3.28, p � .03) in the pharyngocise group than in the
usual care (Table 4) or sham (p for trend < .06; Table 5) groups.
The absolute risk difference for achieving functional swallowing
after treatment in the pharyngocise group was 36% compared with
the usual care group.

Oral feeding
All patients consumed a normal oral diet at baseline. Only 9
patients (23%) were able to maintain a normal oral diet throughout



Table 1 Demographic characteristics

Characteristic Usual care group Sham group Pharyngocise group

Age (y) 54 � 11.3 60 � 12.2 59 � 10.4
Gender
Male 15 11 18
Female 5 7 2

Interval after diagnosis (d) 33.4 � 34.3 38.9 � 32 33 � 25.3
Interval to randomization (d) 2.5 � 3.15 2.7 � 2.5 2.8 � 4
Tumor size (T grade)
Median 2 2 2
Range 0e4 1e4 1e4

Tumor site (mode)
Base of tongue 3 3 5
Tonsil 9 4 3

Tumor side
Left 6 7 9
Right 5 5 6
Bilateral 9 6 5

Radiotherapy
Conventional 9 6 9
IMRT 11 12 11

Plus chemotherapy (n) 10 6 6
Mean dose (cycles) 3.5 � 5 2.72 � 4.2 3.1 � 3.9
Cisplatin (n) 8 2 4
Carboplatin (n) 3 4 2
Taxol (n) 4 4 3
Combined agents (n) 4 4 3

Radiotherapy dose (Gy) 67.5 � 2.5 69.2 � 1.4 72.5 � 1.18
Neck dissection (n) 8 6 8

Left 3 1 4
Right 5 5 4

Baseline BMI (kg/m2) 28.6 � 1.3 26.9 � 1.3 26.8 � 1.0

Abbreviations: IMRT Z intensity-modulated radiotherapy; BMI Z body mass index.

Data presented as mean � standard deviation, unless otherwise noted.
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the CRT period. The patients in the pharyngocise group main-
tained oral feeding more often than those in the usual care group
(42% vs. 14%, respectively). During CRT, 12 patients (31%)
began nonoral (gastrostomy tube) feeding, including 10% with
prophylactic tube placement. Fewer subjects received gastrostomy
tube feeding in the pharyngocise group (20%) than in the usual
care group (30%). At 6 months, 6 patients (21%) were not oral
feeding, with most (n Z 4) in the usual care arm.

Functional oral intake scale
All groups demonstrated diet alteration (reduction in the FOIS
score) during CRT. Although the pharyngocise group demon-
strated a greater median FOIS score after treatment. However, this
change was not significantly different statistically among the
groups after treatment (Table 3).
Video endoscopic and videofluoroscopic
The video endoscopic review demonstrated significant changes in
pharyngeal structure across all groups during the study period
(Fig. 3). Similarly, videofluoroscopic evaluation (Table 3)
demonstrated an alteration in swallowing ability within all arms.
The common changes included reduced tongue base retraction,
hyolaryngeal elevation, and pharyngeal clearance. The weighted
scores were not significantly different among the groups. The
prevalence of aspiration was low (14%, n Z 8), with no
statistically significant differences among the groups.

Mouth opening
During the CRT period, the mouth opening reduced by a mean of
3.8 � 5.08 mm. A greater declination in opening was noted in
patients receiving radiotherapy (4.8 mm) than in those receiving
CRT (2.7 mm). However, this difference was not statistically
significant. The pharyngocise group demonstrated significantly
less decline in mouth opening (1.6 mm) than did the sham and
usual care groups [5.1 mm and 4.3 mm, respectively; F(2,43) Z
3.28, p � .47]. The post hoc analysis identified a significantly
superior outcome for the pharyngocise group (6.38, p � .046)
compared with the usual care (Table 3).

Nutrition
The mean weight loss per patient during the study period was 6.69
kg (mean � standard deviation, 14.75 � 4.9 lb). A total of 23
patients (40%) lost >10% of their baseline body weight by the 6-
week point. A greater number of subjects receiving CRT (61%)
lost >10% of their body weight than those receiving RT alone
(38%). The average weight loss was not significantly different
among the groups after treatment.



Fig. 2. Example of T2-weighted muscle change in control arm subject.
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Favorable outcome after CRT
The a priori composite for a favorable outcome (weight loss
<10%, maintenance of oral feeding and minimal change in
MASA score [�5 points]) was reached by 57% (n Z 33) of the
sample at the post-treatment evaluation point. A greater propor-
tion of patients in the intervention arms (86% in the pharyngocise
and 82% in the sham groups) reached this endpoint than in the
control arm (47%). Participation in the pharyngocise arm was
associated with a more favorable outcome (p � .009). Exploratory
logistic regression analysis (n Z58; 5 fitted variables) revealed
that participation in the pharyngocise arm produced a superior
benefit (odds ratio, 6; 95% confidence interval, 1e37.2). The final
model indicated significant predictive power for the variables
pharyngocise (p Z .05) and sham (p Z .06). The odds that
a patient receiving pharyngocise treatment for swallowing would
have a favorable outcome after CRT were six times greater than
the corresponding odds for a patient who did not receive
preventative exercise during CRT. In addition, the post hoc
Homer-Lemeshow test from this model yielded a p value of .987,
suggesting a model with adequate predictive value.
Salivation
Reduced salivary flow was identified in >80% of the patients by
the end of CRT. The mean reduction in salivary flow was 0.182
� 0.21 mL/min. Repeated measures analysis of variance
demonstrated a significant difference in salivation decline
[F(1,36) Z 30, p � .0001] with the post hoc comparison
[F(1,36) Z .238, p � .020], demonstrating significant preser-
vation of the salivary flow in the pharyngocise group. The
absolute risk reduction for salivation decline in the pharyngocise
group was 35% compared with the usual care group (Table 4).
Taste
Taste reduction was noted in 32 patients (82%) during the CRT
period. The taste decline demonstrated a significant difference
among the groups [chi-square (trend)Z 5.8, p � .053]; with fewer
patients in the pharyngocise group demonstrating a decline in taste
acuity (Table 5). The absolute risk reduction for the taste decline
in the pharyngocise group compared with the usual care group was
19% (Table 4).



Table 2 Muscle composition at 6 weeks

Muscle

Study arm

pUsual care Sham Pharyngocise

Genioglossus*

Length <.03
Before 37.08 � 6.4 34 � 4.7 34.9 � 4.8
After 33.6 � 5.7 32.5 � 3.9 34.4 � 2.7
Change 3.67 1.5 0.5

Thickness NS
Before 7.31 � 1.9 7.41 � 0.7 7.54 � 1.8
After 6.89 � 0.7 6.97 � 0.6 7.11 � 1.8
Change 0.42 0.43 0.44

T2 <.01
Before 108.1 � 5.2 107 � 6.6 111.2 � 3.8
After 108.05 � 2.1 104.9 � 4.1 101.6 � 5
Change 0.05 2.1 9.6

Hyoglossus*

Length <.018
Before 21.04 � 4.1 17.9 � 4.1 17.4 � 3.9
After 17.2 � 3.6 16.9 � 3.4 17.9 � 3.07
Change 3.84 1 �0.05

Thickness NS
Before 4.11 � 0.88 3.1 � 0.73 2.9 � 0.95
After 3.06 � 0.86 3.2 � 0.9 2.5 � 0.6
Change 1.05 �0.1 0.4

T2 <.037
Before 104.2 � 4.1 106.8 � 6.2 114.7 � 8.8
After 104.9 � 3.7 105.1 � 2.6 105.1 � 2.6
Change �0.07 1.7 9.6

Mylohyoid*

Thickness <.021
Before 4.4 � 1.1 2.86 � 0.7 3.86 � 0.96
After 2.8 � 0.78 3.01 � 1.0 3.8 � 1.2
Change 1.6 �0.15 0.06

T2 <.017
Before 104.1 � 4.6 103.7 � 4.4 111.8 � 11.3
After 106.3 � 6.5 104.1 � 5.6 103.8 � 3.4
Change �2.2 �0.4 8

Data presented as mean � standard deviation, unless otherwise noted.

data displayed is from primary field of irradiation.

* Repeated measures analysis of variance within measures e time group.
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Smell
Overall, 12 (32%) patients demonstrated a decline in olfactory
acuity by the end of CRT. A significant difference between the
pharyngocise and usual care groups was identified in olfactory
decline (chi-square Z 4.1, p � .03), with a superior outcome
identified in the pharyngocise group. The absolute risk reduction
for olfactory decline in the pharyngocise group was 39%
compared with the usual care group (Table 4).

Dysphagia-related complications
No significant associations were noted between the treatment
group and dysphagia-related complications. Pneumonia was
uncommon, occurring in 3.4% (n Z 2) of the patients. Dehy-
dration was identified in 17.2% (n Z 10) of the group and was
significantly associated with concurrent chemotherapy (chi-square
Z 5.97, p � .015). Mucositis occurred in 35 patients (65%) during
CRT and oral yeast infections in 8 patients (14%). No association
was identified between the occurrence of mucositis and oral yeast
infection and the treatment group.
Discussion

The results from the present study have demonstrated that swal-
lowing exercises administered during CRT results in the mainte-
nance of head-and-neck musculature and improved swallowing
indexes. Furthermore, mobilizing swallowing muscles at any level
could affect the feeding and chemosensory outcomes in this
population.

The present study identified maintenance of muscle charac-
teristics from swallow exercise during CRT. Previous research
has reported muscle thickening and T2 elongation associated



Table 3 Swallowing outcomes

Variable

Study arm

pUsual care Sham Pharyngocise

MASA
Baseline 195.5 � 4 194.7 � 3.5 195.1 � 5.9 NS
6-wk Outcome 171.5 � 14.2 173.6 � 11.8 177.14 � 12.5 �.006
Change 24.16 � 13.4 20.8 � 12.9 17.7 � 10.1

FOIS
Baseline NS
Median 7 7 7
Range 5e7 5e7 5e7

6-wk Outcome
Median 4 4 5
Range 1e6 1e7 2e7

VFE score
Baseline 0.186 � 0.09 0.272 � 0.15 0.214 � 0.02 NS
At 6 wk 0.214 � 0.09 0.343 � 0.16 0.200 � 0.16

Mouth opening
Baseline 36.6 � 8.05 39.2 � 6.4 41.6 � 8.4 NS
At 6 wk 32.3 � 5.9 34.07 � 7.3 40.05 � 8.3 <.047*

Change 4.3 5.1 1.6

Data presented as mean � standard deviation, unless otherwise noted.

* Dunnett’s post hoc comparison.
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with edema in head-and-neck muscles receiving doses of >50
Gy (23). Accordingly, the reduction in T2 relaxation time and
maintenance of muscle size associated with the pharyngocise
protocol might reflect a deterrent to inflammatory changes noted
with CRT. Although T2 declination could be influenced by
multiple factors, the reduction in muscle edema or fatty infil-
tration is likely to be a contributing factor. The combination of
T2 declination with maintenance in the muscle structure and
preservation of swallowing function in the pharyngocise group
supports this conclusion. The MRI results for the sham group
were between those of the pharyngocise and usual care groups,
suggesting that patients might receive a benefit from lower
intensity exercise regimens.

The subjects in all three groups were treated by the same team
of radiation oncologists, received comparable CRT regimens, and
did not differ in tumor site or disease extent. Specific swallowing
muscle dosimetry was not available for all subjects to confirm the
Table 4 Comparison of pharyngocise vs. usual care at 6 weeks

Outcome (at 6 wk)

Intervention

Usual care Pharyngoci

Normal diet 2/14 5/12*

Nonoral feeding 6/14 3/12*

Functional swallowing 2/14 6/12*

Weight loss (>10%) 6/13* 4/14
Salivation decline 12/13* 8/14
Taste decline 10/12* 9/14
Smell decline 6/11* 2/13*

Any complication 7/14 5/12*

Abbreviations: RR Z relative risk; CI Z confidence interval; ARR Z abso

* Chi-square significance.
y Missing data points.
balanced exposure to the muscles of interest. Notwithstanding, we
believe the application and exposure to medical intervention did
not differ by group.

The present study is the first truly randomized trial to evaluate
a systematic program of swallowing exercises completed during
CRT. Two previously published studies suggested that pretreat-
ment swallowing therapy improved the post-treatment quality of
life and limited swallowing variables (epiglottic inversion and
tongue base position) in HNC patients (24, 25). These studies,
conducted by the same center, provided swallowing intervention
for 2 weeks before CRT not concomitantly. Furthermore, the
design of those studies (unmatched case control and cross
sectional) was not as rigorous as the design of the present trial and
the total number of patients was smaller (n Z 9 and n Z 37,
respectively). Similar to our study, Van Der Molen et al. (26)
described the application of swallowing exercises concurrent
with CRT in 49 patients treated for HNC. That study did not
Analyses

se RR 95% CI ARR (%)

2.91 0.68e12.4 27
0.58 0.18e1.84 18
3.5 0.86e14.2 36y

0.62 0.22e1.7 18
0.62 0.38e1.02 35y

0.77 0.48e1.23 19
0.28 0.07e1.13 39y

0.71 0.31e1.6 17

lute risk reduction (risk difference).



Table 5 Comparison of pharyngocise vs. sham vs. usual care at 6 weeks

Outcome (at 6 wk)

Intervention

Trend analyses,
p for trend

Usual care
(n Z 14)

Sham
(n Z 13)

Pharyngocise
(n Z 14)

Normal diet 2 2 5 .185
Nonoral feeding 6 3 3 .295
Functional swallowing 2 2 6 .067*

Weight loss (>10%) 6 6 4 .604
Salivation loss 12 12 8 .061*

Taste decline 10 13 9 .053*

Smell decline 6 4 2 .123
Any complication 7 4 5 .597

* Trend toward significance from chi-square trend analysis.
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include a control group but compared two forms of swallowing
therapy. Both swallowing therapies involved patient-controlled
and clinician-directed exercises. The results indicated significant
decreases in oral intake, mouth opening, and weight at 10 weeks
after CRT. However, the patients in both treatment groups
demonstrated reduced feeding tube dependency. Thus, although
their results did not address the efficacy of active exercise on the
outcome, they did address the potential benefit from any exercise
and the acceptability and feasibility of swallowing therapy for this
population. In this respect, although limited, the results from
previous studies support our results.
Fig. 3. Endoscopic image showing change in an
Our sample included both RT and CRT patients, providing
greater generalization to the HNC treatment population. The exer-
cise protocol used was significantly different between the groups
and used validated muscle and swallowing outcome measures.
Although the number of patients and outcome events at the 6-month
follow-up period were small (because of morbidity and measure-
ment artifact), we were able to demonstrate the consistency of
results across several outcome events (all favoring the pharyngocise
group), strongly suggesting a positive treatment effect.

Although our study results suggest benefit (physiologically and
functionally) from swallowing exercises, the doseeresponse curve
atomy of oropharynx in control arm subject.
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for this form of behavioral treatment remains unclear. Benefit was
derived not only from the intensive intervention arm but also from
sham intervention. These arms did not differ in length or duration
of intervention or total work performed. Whether the benefits
obtained by the sham group can be ascribed to a placebo effect of
behavioral attention or to the affect of attenuated movement is
unclear. A larger study is underway to review the doseeresponse
effect of low- and high-intensity pharyngocise intervention.

The data from our study were most complete up to the 6-week
post-treatment point. We experienced a withdrawal rate at 6
months that precluded the meaningful analysis of many outcomes
to that point. This is not an unusual finding in the HNC pop-
ulation, for whom the high morbidity levels and associations with
negative lifestyle factors elevate the lost-to-follow-up rates. A
comparison between the enrolled patients with and without
complete data in the present study did not reveal significant
differences in age, cancer stage, or swallowing comorbidity,
suggesting that our results are representative.
Conclusion

The results of the present study demonstrated a benefit from
a program of simple swallowing exercises administered during
CRT. This approach is novel in timing of delivery and preventative
design. Given the health costs of dysphagia from HNC and
positive outcomes reported from the present study, it is imperative
that additional research be undertaken to refine the swallowing
treatments and their delivery for this population. Preventative
swallowing programs can offer a cost-effective alternative to
prevent medically related complications and optimize functional
outcome for HNC patients.
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