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Abstract

Objective. To evaluate the impact of early intervention using combined swallow therapy, con-
sisting of traditional swallow exercises and transcutaneous neuromuscular electrical stimula-
tion, on patients with advanced oropharyngeal squamous cell carcinoma.
Methods. A cohort study of 60 prospectively enrolled patients was performed. Thirty patients
with advanced oropharyngeal squamous cell carcinoma starting combined swallow therapy
two weeks after surgery that continued throughout chemoradiotherapy were compared with
a matched cohort of 30 patients starting combined swallow therapy after cancer treatment
completion. Gastrostomy tube status, modified barium swallow, and Functional Oral Intake
Scale scores were assessed before and after therapy.
Results. Both cohorts demonstrated a statistically significant improvement in Functional Oral
Intake Scale scores. All patients in the early intervention cohort discontinued gastrostomy
tube use, compared with one-third in the control cohort, with greater improvements in
Functional Oral Intake Scale scores. The tongue base was the site of greatest improvement
in the early intervention group.
Conclusion. Early initiation of combined swallow therapy may optimise swallow outcomes in
patients with advanced oropharyngeal squamous cell carcinoma.

Introduction

Oropharyngeal squamous cell carcinoma is diagnosed in approximately 130 000 patients
each year globally.1 The ability to maintain normal eating habits with avoidance of a gas-
trostomy tube is commonly considered one of the most important quality of life out-
comes, and is a perpetual focus for clinicians treating oropharyngeal squamous cell
carcinoma. The oropharynx has a crucial role in the mechanics and physiology of swallow
function and is adversely affected by the disease process, as well as by surgical and non-
surgical treatment, in patients with oropharyngeal squamous cell carcinoma. Rates of
long-term gastrostomy tube dependence have historically been reported to be as high
as 30–60 per cent in patients with advanced oropharyngeal squamous cell carcinoma
receiving chemoradiotherapy; although, with advances in the field, including increased
use of intensity modulated radiotherapy and improved swallow therapy protocols, these
rates have improved.2,3

Many predictive factors of swallowing function have been identified and may be cate-
gorised. Treatment-related factors include extent of surgery, radiation dosimetry and
treatment fields, and use of chemotherapy. Patient-related factors include baseline dys-
phagia, odynophagia, mucositis, xerostomia, and general health and performance status.
Tumour-related factors include clinical stage and tumour site. Chemoradiotherapy has
been shown to have the most pervasive impact, with multiple tissue effects ultimately
leading to disordered inflammatory pathways, neuromuscular atrophy and fibrosis.3–8

Several studies have demonstrated a benefit of muscle activation and swallow therapy
to combat the onset of atrophy and fibrosis.9–11 Molecular pathways leading to
radiation-induced fibrosis have been described, such as the transforming growth factor
β1 pathway and its repression of MyoD (myoblast determination protein 1) expression.
Prior research in this area has shown the potential for transcutaneous neuromuscular
electrical stimulation to prevent the molecular and histological effect of radiation on mus-
cles involved in swallowing.11,12

On this basis, we have instituted an approach to provide aggressive intervention during
chemoradiotherapy for the rehabilitation of swallowing and the maintenance of molecular
homeostasis of cervical and pharyngeal muscles. Several years ago, we introduced a novel
protocol at our institution that combines traditional swallow exercises and transcutaneous
neuromuscular electrical stimulation, known as ‘combined swallow therapy’. The current
study aimed to evaluate the impact of combined swallow therapy on swallow function in
patients with advanced oropharyngeal squamous cell carcinoma, and to determine the
effect of early intervention by initiating this protocol prior to starting chemoradiotherapy.
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Materials and methods

Participants

The study included 60 patients with advanced oropharyngeal
squamous cell carcinoma who were treated and under-
went swallowing rehabilitation in the Department of
Otolaryngology – Head and Neck Surgery of Keck School of
Medicine at the University of Southern California.

Study design

Approval for this prospectively enrolled cohort study was
obtained from the local institutional review board. The inclu-
sion criteria were: patients with advanced oropharyngeal squa-
mous cell carcinoma (American Joint Committee on Cancer
(7th edition) stage III or IV)13 with primary tumours of the
tongue base, or lateral pharyngeal wall or tonsil, who were
treated with surgery followed by chemoradiotherapy, and
who underwent swallow rehabilitation in our multidisciplinary
head and neck cancer clinic. Additional inclusion criteria
included compliance with a twice-weekly swallow therapy
protocol for the duration of the treatment plan, and follow
up in the head and neck cancer clinic for at least one year.

Thirty consecutive patients were enrolled into an early
intervention cohort, who started combined therapy two
weeks after surgery (prior to chemoradiotherapy) and contin-
ued this combined therapy throughout chemoradiotherapy.

A control cohort of 30 patients were matched with the
study group based on tumour and patient characteristics.
These patients initiated combined therapy after chemora-
diotherapy completion, representing a more traditional treat-
ment timeline. The control cohort were otherwise subject to
the same twice-weekly combined therapy protocol.

Compliance for both arms of the study was defined as greater
than 90 per cent attendance at out-patient therapy sessions with
completion of the home exercise log. In addition to non-
compliance with swallow treatment protocol, other exclusion cri-
teria included any behavioural disorder that interfered with the
administration of treatment, patients with cardiac pacemakers
and/or arrhythmias, and patients with any implanted electrodes,
including but not limited to automatic implantable cardioverter
defibrillators, cochlear implants, and so on.

All patients had a gastrostomy tube, placed prior to the start
of chemoradiotherapy. At the completion of combined ther-
apy, all patients continued to undergo routine head and
neck surveillance follow up in the head and neck cancer clinic
for at least 12 months. A retrospective chart review was per-
formed to collect data at the conclusion of the study.

Swallow evaluation

All study participants were evaluated by an experienced
speech-language pathologist specialising in working with
patients who have head and neck cancer.

All study patients were evaluated with modified barium
swallow studies. The variables evaluated in the modified bar-
ium swallow study were: bolus manipulation, initiation of
the pharyngeal swallow, base of tongue retraction, laryngeal
elevation, epiglottic position, penetration, aspiration, cough
reflex, and residue. Modified barium swallow was used to
assign a swallow function score based on the Functional
Oral Intake Scale (Table 1). The Functional Oral Intake
Scale is a commonly used scale that has been shown to closely
approximate true everyday swallow function based on an

ordinal scale ranging from ‘1’, representing nil by mouth sta-
tus, to ‘7’, representing a normal diet.14 Modified barium swal-
low findings and Functional Oral Intake Scale scores were
obtained at the start of treatment and at four months following
completion of swallow therapy.

Combined swallow therapy protocol

Patients received a combination of traditional swallow exer-
cises and transcutaneous neuromuscular electrical stimulation
therapy twice a week with an experienced speech-language
pathologist specialising in working with patients who have
head and neck cancer. Each swallow therapy session lasted 1
hour. Each session incorporated the use of both traditional
swallow exercises and transcutaneous neuromuscular electrical
stimulation into the swallow therapy.

Traditional swallow exercises included tongue-hold, pretend-
ing to gargle, tongue retraction or tongue pull-back with resist-
ance, range of motion, effortful swallow, and the Mendelsohn
manoeuvre, based on previous studies.15,16 Patients were
instructed to perform these same exercises using 10 repetitions
for each, 3 times daily, at home. Patients maintained an exercise
log, which was reviewed with the speech pathologist during each
in-person session for compliance.

Transcutaneous neuromuscular electrical stimulation therapy
was always administered by a certified transcutaneous neuro-
muscular electrical stimulation speech-language pathologist
trained in this modality. The objective of transcutaneous neuro-
muscular electrical stimulation in dysphagia therapy is to stimu-
late tongue, pharyngeal and laryngeal musculature through
intact peripheral nerves, using electrical stimulation.17,18

Two horizontal electrodes were placed on the skin at the
submental area to enhance contraction of the base of tongue
area and laryngeal elevation. Each treatment session com-
prised a gradual increase in intensity (in milliamperes) to max-
imal tolerated intensity, with optimal stimulation being
confirmed by visual identification of muscle contraction.
Subjects were taught to swallow with visual cues from the
device in concert with the electric current, and to rest between
cycles. Trials of food and liquid in varying consistencies and
amounts were performed with these exercises based upon
the severity of swallow dysfunction.

The device used was the BMR NeuroTech neuromuscular
electrical stimulator, model NT2000 (Galway, Republic of
Ireland). The unit generates a fixed pulse rate of 80 Hz, to
maximise the benefit of stimulation of the fast twitch muscle
fibres (dominant in swallowing musculature), with a fixed
pulse duration of 700 μs to ensure stimulation of both fast
twitch and slow twitch muscle fibres.

Swallow therapy duration

The swallow therapy course was completed when the patient
achieved normal swallow function, or when the patient
demonstrated a clinical plateau in therapy, as determined by
the experienced head and neck cancer speech-language pathol-
ogists (who are authors of this manuscript). The modified bar-
ium swallow was used as an objective measure during therapy
as needed, to re-assess swallowing function.

Outcome measures

All patients had a previously placed gastrostomy tube. Thus,
the status of gastrostomy tube dependence and the incidence
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of aspiration pneumonia were primary outcome measures. A
modified barium swallow study was conducted at the begin-
ning of treatment and at four months following the comple-
tion of combined therapy, in order to assign a pre- and
post-therapy Functional Oral Intake Scale score. Changes in
Functional Oral Intake Scale scores were recorded as a second-
ary outcome measure.

Statistical analysis

Pearson chi-square and Fisher exact tests were used to analyse
patient characteristics. Ordinal logistic regression was per-
formed to analyse the Functional Oral Intake Scale score mea-
surements. We assessed the significance of the Functional Oral
Intake Scale scores by computing the t-value of its coefficient
and approximating the sampling distribution of the t-value as
the standard normal distribution to obtain a p-value. In order
to adjust for confounding by the tumour site (base of tongue
or lateral pharyngeal wall), secondary analyses were performed
after stratifying by tumour site. All statistical analyses were
performed using the SAS statistical package (version 9.1;
SAS Institute, Cary, North Carolina, USA). Statistical signifi-
cance was set at p < 0.05.

Results

The patient characteristics of the two cohorts are summarised
in Table 2. As the control patients were included in the study
based on similarities between the two groups in terms of can-
cer and treatment, there were no significant differences in
baseline characteristics. All patients tolerated combined ther-
apy with no known complications directly related to therapy.

All patients in the early intervention group were able to dis-
continue gastrostomy tube use, irrespective of primary tumour
site. In contrast, 23 per cent of patients (7 out of 30) in the
control group still had a gastrostomy tube at four months,
with 50 per cent of patients continuing gastrostomy tube use
when the primary tumour was at the base of the tongue. No
patients in either group had a documented aspiration pneu-
monia from the initiation of swallow therapy to the
12-month follow-up appointment.

Comparison of Functional Oral Intake Scale scores before
and after the completion of combined therapy, for both
cohorts, is presented in Table 3. The initial Functional Oral
Intake Scale scores of the early intervention treatment cohort
versus controls were 3.8 and 3.4, respectively. There were no
statistically significant differences in initial Functional Oral
Intake Scale scores. Both the study group and the control

group demonstrated a statistically significant improvement in
the Functional Oral Intake Scale scores at the end of the com-
bined therapy, with the early intervention group achieving a
statistically greater score improvement. The early intervention
group achieved an average final Functional Oral Intake Scale
score of 6.8 (normal diet), requiring an average of 12 com-
bined therapy sessions. In contrast, the controls achieved an
average final Functional Oral Intake Scale score of 5.5 (mild
impairment), requiring an average of 18 combined therapy
sessions. There was a statistically significant difference in the
improvement of (pre- vs post-therapy) swallow scores achieved
by the early intervention group (difference of 3) compared
with the control group (difference of 2.1).

On analysis of tumour site, patients with base of tongue
tumours had more severe impairment of swallowing compared
to those with lateral pharyngeal wall tumours (Table 4). The
control group with a primary tumour in the tongue base
had the most severe swallowing impairment, with a
Functional Oral Intake Scale score of 2.95 (moderate impair-
ment) at the start of swallow therapy, eventually improving
to 4.75. This was the most limited improvement in
Functional Oral Intake Scale scores of any subset. The patients
in the early intervention cohort were able to return to normal
or near-normal swallow function regardless of whether the
primary tumour was at the tongue base or the lateral pharyn-
geal wall, with average Functional Oral Intake Scale scores of 7
and 6.5, respectively, with the most marked improvement
being observed in the base of tongue subset.

Discussion

Advanced oropharyngeal squamous cell carcinoma is a diffi-
cult diagnosis, often requiring multimodality cancer treatment
including ablative and reconstructive surgery, chemotherapy,
and radiation. The adverse effects of chemoradiotherapy on
tissues can occur long after treatment; these effects include
dysregulated inflammation, capillary occlusion, soft tissue
and muscle fibrosis, atrophy, and collagen replacement.5–8

Pharyngeal fibrosis, xerostomia, and structural disruption
from oncological surgery are believed to result in dysphagia
in patients with oropharyngeal squamous cell carcinoma.4

Dysphagia highly correlates with quality of life measures, as
well as contributing to aspiration pneumonia, which is poten-
tially life-threatening.

The improvement of functional swallowing and prevention
of major sequelae in oropharyngeal squamous cell carcinoma
treatment has been a major focus of cancer care over the
past few decades. Preventative measures including dose

Table 1. Functional Oral Intake Scale scoring

Score Description

1 Severe impairment & dysfunction; nil by mouth

2 Moderate–severe dysfunction; gastrostomy tube dependent,
with limited oral intake

3 Moderate impairment; gastrostomy tube dependent, with
consistent oral intake

4 Mild–moderate impairment; oral diet possible with single
consistency

5 Mild impairment; oral diet with modifications

6 Within functional limits; oral diet with some impairments

7 Normal oral diet with no impairment

Table 2. Characteristics of study participants by group

Characteristic
Early intervention
group Control group

Total patients (n) 30 30

Primary tumour site (n)

– Base of tongue 15 15

– Lateral pharyngeal wall 15 15

Mean age (years) 56 58

Tumour stage (n)

– III 15 15

– IV 15 15
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modulation (intensity modulated radiotherapy), and treatment
measures such as aggressive swallow rehabilitation, have been
used to improve outcomes.

The role and sophistication of swallow therapy have greatly
expanded in recent years, and the therapy has been a major
determinant in good functional outcomes in oropharyngeal
squamous cell carcinoma. While swallow therapy outcomes
for the head and neck cancer population are quite variable,
broadly, more rigorous rehabilitation therapy in a multidiscip-
linary setting has been shown to be more successful in ameli-
orating dysphagia.19–21 Unfortunately, swallow rehabilitation is
often relegated to the role of an adjunctive treatment in many
centres, often starting many months following the completion
of cancer therapy.

The present study demonstrated significant improvements
in swallow function in all our advanced oropharyngeal squa-
mous cell carcinoma patients utilising combined therapy. In
particular, we demonstrated greater improvements in swallow
function in those undergoing early intervention, with most
achieving normal Functional Oral Intake Scale scores, com-
pared with patients for whom swallow therapy was initiated
after completion of chemoradiotherapy. Pre-therapy swallow
scores in the treatment and control groups indicate that
patients in both groups were at similar levels of swallow
function.

Understanding the pathophysiological processes leading to
dysphagia is critical. We believe that the significant improve-
ment in the swallow scores after early intervention when com-
pared with the control indicates that, in addition to helping
restore swallow function after surgery, early initiation of swal-
low treatment may help prevent disuse atrophy and subse-
quent fibrosis, which may already be present in traditionally
timed therapy.

Our most striking result was the dramatic improvement in
swallow function in patients with a base of tongue primary
who received early combined therapy. As this tumour site
was associated with worse pre-treatment dysfunction, this
indicates that this group may benefit more from an early
aggressive rehabilitation strategy. This is supported by other
studies that have shown the tongue to respond well to
strengthening exercises in both normal and cancer popula-
tions.9,19 The results of our study are in agreement with previ-
ous smaller studies that also examined the value of early
traditional swallow exercises.20–23

The usage of transcutaneous neuromuscular electrical
stimulation has been well described for dysphagia, with
favourable results.18,24,25 However, its efficacy in head and
neck cancer patients, especially those who have undergone
radiation treatment, is less promising.26 Nevertheless, previous
study populations have been heterogeneous, with a variety of
cancer sites and primary treatments (chemoradiotherapy vs
surgical). Our study population was focused on oropharynx
cancers, and had a more rigorous therapy schedule than has
been described in other studies. Perhaps, most importantly,
previous studies utilised transcutaneous neuromuscular elec-
trical stimulation late after the completion of chemoradiother-
apy, as opposed to early intervention.

As suggested by our findings, transcutaneous neuromuscu-
lar electrical stimulation may have preventative benefits; in
select patients, it may prevent or ameliorate the effects of atro-
phy and fibrosis. A potential concern regarding electrical
stimulation is whether the use of this modality enhances
tumour growth. Although some epidemiological studies have
suggested that long-term exposure to electromagnetic fields
could increase the incidence of several cancers,27–29 there
is no evidence that short-term exposure to electromagnetic
fields increases the risk of tumourigenesis. In addition,
increased recurrence of disease has not been seen in our
practice, which utilises transcutaneous neuromuscular elec-
trical stimulation in swallow therapy for a variety of head
and neck cancers.

Usage of modified barium swallow studies and the
Functional Oral Intake Scale has been well described in
other studies as an effective tool for measuring global swallow
function, and has been used in studies with head and neck
cancer.14,30,31 In this study, modified barium swallow evalua-
tions and Functional Oral Intake Scale scores were obtained
by head and neck cancer trained speech-language pathologists
to prevent subjective bias. Additionally, we were aware that
‘learned non-use’, wherein patients become dependent on
use of the gastrostomy tube as a compensatory behaviour pat-
tern and are reluctant to have it removed, could be one of the
confounding factors in the study.32 During each therapy ses-
sion, the speech-language pathologist spent time with the
patient discussing the importance of trying to achieve normal
swallowing function. We chose to have the post-operative end-
point evaluation at four months following combined therapy.
Studies have shown that swallowing function continues to

Table 3. Swallow outcome data

Parameter
Early intervention
group* Control group*

Mean difference in
swallow scores
(treatment vs
control group)

Statistical p-value
for treatment vs
control group
scores

Functional Oral Intake Scale (mean (SD))

– Initial score 3.8 (0.42) 3.4 (1.62) 0.4 (1.23) 0.4

– Final score 6.8 (0.42) 5.5 (1.43) 1.3 (1.10) 0.02

– Mean difference (pre- vs post-therapy scores) 3 (0.66) 2.1 (1.71)

Statistical p-value for pre- vs post-therapy scores <0.001 0.008

Mean number of therapy sessions 12 18

Presence of gastrostomy tube (n)

– Prior to therapy 30 30

– At 4 months post-therapy 0 7

*n = 30. SD = standard deviation
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deteriorate many months after chemoradiotherapy is com-
pleted.22 However, all patients included in the study received
follow up beyond 12 months, and no significant changes in
swallowing function were noted on surveillance evaluation.

• Swallow function and gastrostomy tube status is the most important
functional outcome in advanced oropharyngeal carcinoma

• Radiation-induced fibrosis is primarily an aetiology of long-term dysphagia
• Understanding muscle atrophy and fibrosis pathophysiology is key to
determining strategies to prevent or reverse dysphagia

• Combined therapy, comprising traditional swallowing exercises and
transcutaneous neuromuscular electrical stimulation, is effective in
treating dysphagia in advanced oropharyngeal carcinoma patients

• Early therapeutic intervention, prior to chemoradiotherapy, may prevent
and further improve swallowing function

Some study-specific limitations include the relatively small
number of patients who could be included, and the selection
bias inherent in prescribing treatment plans. We believed
that, to determine the efficacy of our treatment approach,
adherence to our rigorous treatment plan was crucial to our
functional outcomes, and therefore some patients were not
able to be included. Similarly, while patients in both cohorts
were matched based on basic demographic and tumour char-
acteristics, enrolment in the early intervention group was likely
to correlate with other determinants of outcomes. Patients
enrolled in the early intervention group were generally those
who: did not experience post-operative healing delays, were
often treated within our Norris National Cancer Institute
designated Comprehensive Cancer Center, and had adequate
support and psychosocial resources to adhere to our protocol.
We must acknowledge that head and neck cancer patients
often have multiple social, geographic and economic barriers
to obtaining high-quality care. Not all patients have access to
head and neck cancer centres with specialty therapists experi-
enced in transcutaneous neuromuscular electrical stimulation.
Nevertheless, we believe our findings support the principle of
early intervention and prevention of fibrosis, as shown in other
studies that employed traditional swallow exercises alone. Best
practice trends for head and neck cancers clearly support
multidisciplinary care at high-volume centres. In the future,
multi-centred studies may allow larger, controlled trials.

Finally, we did not include or address the impact of human
papilloma virus positivity or the rapidly evolving staging and
treatment guidelines for our oropharyngeal cancer patients.1

Enrolment in this study was carried out prior to these changes

or the implementation of any treatment reduction protocols.
As this study focuses on advanced oropharyngeal cancers,
we feel our findings are relevant for this population, who
still require multimodality therapy.

The clinical implications of improving swallow function in
oropharyngeal squamous cell carcinoma patients with dyspha-
gia are enormous. These include the reduced risk of aspiration
pneumonia, and the avoidance of special diets including typ-
ical diet modifications. An important psychosocial implication
of improved swallowing function is the participation in social
activities associated with eating without the presence of a feed-
ing tube, which is a constant reminder of the disease despite
the completion of therapy or eradication of the cancer.

Conclusion

Combined therapy, consisting of traditional swallow exercise
and transcutaneous neuromuscular electrical stimulation that
started two weeks after surgery and continued during chemo-
radiotherapy, was effective in restoring swallowing in our
patients with advanced squamous cell carcinoma of the oro-
pharynx. This was a significant improvement when compared
with patients who received the same combined therapy after
the completion of chemoradiotherapy, who had higher gas-
trostomy tube retention rates as well as worse functional oral
intake scores. Early intervention with combined therapy may
be an effective tool to prevent long-term dysphagia in patients
undergoing treatment for advanced oropharyngeal cancer.

Competing interests. None declared
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