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Abstract

Background: Dysphagia is common following treatment for head and neck

cancer (HNC) and intervention to improve swallowing function is warranted.

This study aimed to evaluate the efficacy of the Shaker head-lift exercise

(HLE) to improve dysphagia in HNC patients.

Methods: Patients treated for HNC with radiochemotherapy and with subse-

quent dysphagia were randomly assigned to intervention (HLE, n = 25) and

control (standard dysphagia management, n = 27) groups. Videofluoroscopic

evaluation of penetration-aspiration, initiation, residue, movement of selected

structures, and self-perceived swallowing function, before and after 8 weeks of

treatment, were compared.

Results: Although adherence to training was high, no statistically significant

differences in objectively measured swallowing function between the groups

or within-group changes were found. Self-perceived swallowing function

improved in the intervention group.

Conclusions: In this HNC population, neither HLE nor standard dysphagia

management improved objectively measured swallowing function as evaluated

after 8 weeks. Future research focusing on finding effective interventions for

dysphagia is warranted.
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1 | INTRODUCTION

In 2020, more than 900 000 persons were diagnosed with
head and neck cancer (HNC) worldwide.1 Surgery and/or
chemoradiotherapy is the most common treatment regi-
men.2 Oropharyngeal dysphagia is a frequent side effect
after treatment. Following radiotherapy for HNC dyspha-
gia has been reported to occur in up to 83% of patients.3,4

Dysphagia following HNC is attributed to radiation-
induced fibrosis in structures related to swallowing as
well as muscular atrophy and cranial neuropathy.5–7

Soft-tissue fibrosis is caused by many factors and can
partly be attributed to inflammation and reduced blood
supply, resulting in reduced muscle strength and contrac-
tility.8,9 Additionally, muscular atrophy and weakness
may be caused by disuse of the oropharyngeal muscula-
ture during radiotherapy, as patients often stop eating
normal food while acute toxicities are at their peak.10

Following radiotherapy for HNC, the swallowing
mechanism may be affected in several ways, such as
reduced oral motor activity, weakened tongue base
retraction and strength, reduced pharyngeal contraction,
impaired hyolaryngeal elevation, delayed closure of the
larynx, and impaired opening of the upper esophageal
sphincter (UES).8,11–14 This may lead to residue in the
pharynx after the swallow and/or aspiration of food, liq-
uid, or even saliva to the airways.15–19 Silent aspiration,
that is, passage of liquid or food below the glottis without
external signs such as coughing or choking, is prevalent
after radiologic treatment for HNC.20–22 As many as 35%
of patients have been reported to present with silent aspi-
ration.21,22 Dysphagia also has negative consequences on
a patient's medical recovery and may lead to prolonged
hospitalization and long-term care.23 Additionally,
swallowing difficulties enhance the risk of malnutrition
and mortality and reduce the health-related quality of life
(HRQL).4,24–28

Dysphagia rehabilitation often focuses on compensa-
tion through altering of food consistency to improve
safety of oral intake,29–31 swallowing maneuvers,29,32 or
the use of different stretch exercises.33 In addition, the
effect of exercise-based intervention has been described
in several studies.14,23,34–37 However, differences regard-
ing types of intervention and timing of rehabilitation, as
well as a large variation of outcome measures, make it
difficult to conclude which therapy is actually helpful.

The Shaker head-lift exercise (HLE) is a treatment
originally developed to improve swallowing difficulties
due to restricted UES opening.38 The exercise aims to
strengthen the suprahyoid muscles in the neck, which,
during swallowing enhance the upward and forward
movement of the hyoid bone and larynx, resulting in
improved opening of the UES.39,40 The HLE has been

found to improve UES opening, maximum anterior hyoid
excursion and anterior laryngeal excursion in healthy
elderly subjects.38,41 Previous studies have also shown
that the HLE may decrease post-swallow aspiration,42

improve thyrohyoid approximation,43 and restore oral
intake due to abnormal UES opening44 in patients with
dysphagia. However, the effectiveness of the HLE in a
HNC population has not yet been established.

A pilot study preceding the present study,45 including
patients with previous treatment for HNC or stroke, indi-
cated that self-reported swallowing function as well as
HRQL improved after performing HLE for 8 weeks. How-
ever, analysis of swallowing function with video-
fluoroscopic evaluation of swallowing (VFSS) showed
diverging results, indicating the need for a randomized
controlled trial in a more homogenous group.

The aim of this randomized study was to evaluate the
effect of the HLE on swallowing function examined with
VFSS in patients with HNC following radiotherapy with
or without chemotherapy.

2 | MATERIALS AND METHODS

2.1 | Participants

Patients with HNC treated with radiotherapy who were
discussed at the weekly multidisciplinary tumor board
meeting at Sahlgrenska University Hospital (Gothenburg,
Sweden) were assessed for eligibility in this study. The
inclusion period was between 2011 and 2018. Adult
patients with tumors of the tonsil, base of tongue, hypo-
pharynx, and larynx who were treated with curative
external beam radiation therapy (EBRT) with or without
brachytherapy and with or without chemotherapy as well
as no previous history of dysphagia were eligible for
inclusion in the study. Exclusion criteria were previous
surgery for HNC (except tonsillectomy or diagnostic sam-
ple excision), previous radiotherapy or other treatment
for HNC, tracheostomy, neurological or neuromuscular
disease, inability to swallow any bolus, and/or inability to
perform the HLE.

Patients who met criteria for inclusion were contacted
by telephone and asked questions about their swallowing
function after treatment. All were offered an examination
of swallowing function with VFSS 6–36 months post-
oncological treatment. Swallowing function was initially
rated according to Rosenbek's Penetration Aspiration
Scale (PAS).46 The patients who received a PAS score of
≥2 (PAS Score 2: material enters the airway, remains
above the vocal folds, and is ejected from the airway) on
more than one swallow on the initial VFSS examination
were invited to participate in the study. Patients were
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eligible for analysis in the present study if they had com-
pleted the VFSS at baseline and at the 8-week follow-up.

2.2 | Design

The study was a randomized controlled trial consisting of
a baseline assessment of swallowing function with a
follow-up assessment after 8 weeks of treatment. Com-
puterized randomization was performed through optimal
allocation according to Pocock's sequential randomiza-
tion method regarding tumor type, tumor stage, age, sex,
comorbidity (Adult Comorbidity Evaluation-27, ACE-
2747), and the PAS score at baseline. Patients were ran-
domized into either an intervention group receiving stan-
dard dysphagia care in combination with performing the
HLE or a control group who received standard dysphagia
care alone according to clinical praxis. According to an
80% power calculation (Mann–Whitney U-test, alpha =

0.05), the sample size was calculated to 25 patients in
each group (n = 50 in total), assuming a clinically rele-
vant difference of one point on the PAS score between
the study groups and a standard deviation of 1.2. To com-
pensate for possible drop-outs, 60 in total were aimed to
be recruited.

2.3 | Oncologic treatment

EBRT was given as 3D conformal radiation therapy
(3DCRT) or intensity modulated/volumetric modulated
radiation therapy (IMRT/VMAT) to total doses ranging
typically between 64.6 and 68 Gy in 1.7–2 Gy fractions
once or twice daily, 5 days a week. When applicable,
brachytherapy was provided according to local guide-
lines, after completed ERBT, that is, to tumors of the ton-
sil or base of tongue. Pulse dose rate brachytherapy was
given to total doses of 10–25 Gy. A majority of the
patients also received chemotherapy, either induction or
concomitant therapy. Induction chemotherapy generally
consisted of two cycles of Cisplatin and 5-Fluorouracil.
Concomitant chemotherapy generally consisted of six
cycles of Cisplatin. No statistically significant differences
were found between groups regarding oncologic
treatment.

2.4 | Intervention

The Shaker HLE intervention consists of isometric and
isokinetic head lifts performed while in the supine posi-
tion.38 The isometric training included sustained/static
head lifts for 60 s three times with rest during 1 min

between the lifts. This was followed by the isokinetic
training which includes 30 consecutive repetitions of
head lifts. The exercise should be performed three times
daily during 8 weeks. All patients in the intervention
group received individual instructions from a speech lan-
guage pathologist (SLP) on how to perform the HLE and
were also given an instructional video as well as an infor-
mation pamphlet. During the 8 weeks of training, the
patients met the SLP during five sessions for a control of
the training performance with telephone follow-ups in
between. During the first 2 weeks of the intervention, the
SLP contacts were scheduled often, and more seldomly
further on during the treatment period. More frequent
support was provided in the beginning of the treatment
period in order to improve compliance and reduce study
drop-outs, based on the results from a previous study.41

The patients in the intervention group documented the
adherence to the recommended exercise in a diary.

All patients, both in the intervention and control
group, were offered dysphagia management by SLPs
according to local clinical praxis at the time of the study.
The type of dysphagia management provided included,
for example, advice regarding changing the consistencies
of solid food or drink, head positioning such as the chin-
tuck, swallowing maneuvers such as the supraglottic
swallow, effortful swallow or the Mendelsohn maneuver,
and eating/drinking slowly, in small sips or bites and
with sips of water in between bites.

2.5 | Videofluoroscopic examination of
swallowing

VFSS was performed by a radiologist in collaboration
with an SLP. High-resolution images (video matrix
1024 � 1024) were collected at a rate of 15 frames per
second in a lateral projection, with the patient comfort-
ably seated. The field of view included the tip of the
tongue anteriorly, the pharyngeal wall posteriorly, the
soft palate superiorly, and the seventh cervical vertebra
inferiorly. Five different boluses in different amounts and
consistencies were tested, where swallowing of the liquid
boluses was performed twice. Detailed bolus description
is presented in Table 1, where bolus consistency is
described in accordance with standardized terminology
(the International Dysphagia Diet Standardization Initia-
tive, IDDSI).48 If a larger bolus volume of the same con-
sistency was deemed not safe for the patient (i.e., risk of
severe aspiration), it was excluded. A coin was attached
to the patient's chin for calibration purposes.

Blinded analysis of the VFSS was performed indepen-
dently by two SLPs with several years of professional
experience in the field of dysphagia. Prior to analysis,
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they completed a 3-day consensus training, supervised by
an experienced phoniatrician. As part of the consensus
training, the raters were given clear definitions regarding
the boundaries of the different volumes, found in
Figures S1 and S2. Measurements of movement were
made of representative static images using electronic cali-
pers to correct for the magnification factor. With the help
of electronic calipers, a value of the size of the coin in
units is obtained. The known dimension of the coin
(18 mm) is divided by the number of units to obtain the
magnification factor at each occasion. The measured ana-
tomical measurements are then multiplied by the magni-
fication factor to obtain the calibrated measurements.
Sixteen percent of the examinations were analyzed twice
for intra-rater reliability purposes.

2.6 | Outcome measures

The primary outcome variable was the PAS,46 a validated
and commonly used scale ranging from 1 (material does
not enter the airway) to 8 (material enters the airway,
passes below the vocal folds, and no effort is made to
eject). Initiation of swallowing was evaluated with a scale
ranging from 0 (initiation when bolus head is at the pos-
terior angle of ramus mandibulae) to 4 (no appreciable
initiation at any location).49 Vallecular and pyriform
sinus residue was evaluated according to a version of the
Yale Pharyngeal Residue Scale modified for VFSS50,51

ranging from 1 (no residue) to 5 (more than 50% of the
estimated volume of the vallecula and pyriform sinus).
An overall assessment of swallowing function was per-
formed according to the Swallowing Performance Scale
(SPS)52 where 1 represents normal swallowing and 7 rep-
resents severe impairment.

Additionally, the following kinematic variables were
measured:

1. Anterior hyoid movement, that is, the distance of
movement of the hyoid bone (the anterior, inferior
border of the body of the hyoid) in a forward direc-
tion.53 The higher positive value, the better the
function.

2. Superior hyoid movement, that is, the upward move-
ment of the anterior inferior border of the hyoid
bone.53 The higher positive value, the better the
function.

3. Thyrohyoid approximation, that is, the decrease of the
distance between the inferior anterior corner of the
cricoid cartilage and the inferior anterior corner of the
hyoid bone in resting position compared to the posi-
tion at maximal laryngeal elevation during
swallowing.54 A larger negative value indicates a bet-
ter thyrohyoid approximation.

4. The maximum width of the UES opening during swal-
low measured at the narrowest point between verte-
brae C3 to C6 at transit of contrast through the UES
during swallowing.54 A high positive value indicates
good swallowing function.

All measurements were made from the second attempt of
each liquid bolus at baseline and 8 -week follow-up.

2.7 | Patient-reported outcomes

The European Organization for Research and Treatment
of Cancer Quality of Life questionnaire, HNC module
(EORTC QLQ-H&N35) measures symptoms associated
specifically with HNC and its treatment.55,56 Calculated
domain scores range from 0 to 100. On the symptom
domains and single items, a score of 100 equates to worst
possible symptoms. In this study, only the symptom
domains Swallowing and Social eating were included in
the report.

TABLE 1 Description of amounts and consistencies of boluses given at videofluoroscopic examination of swallowing

Bolus size and consistency

Consistency
level according
to the IDDSI
framework48 Contrast

3 ml thin liquid 0 Mixobar Colon 1 g Ba/ml mixed with equal amount of water

20 ml thin liquid, drink freely 0

5 ml mildly thick 2 Omnipaque 300 mg I/ml. 20 ml Omnipaque mixed with 2 ml
instant thickener

3 ml extremely thick 4 Omnipaque 300 mg I/ml. 20 ml Omnipaque mixed with 15 ml
instant chocolate pudding mix

Cookie 6 Piece of cookie dipped in mildly thick contrast

Abbreviation: IDDSI, International Dysphagia Diet Standardization Initiative.
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2.8 | Statistical analysis

All statistical analyses were performed using SAS version
9.4. All tests were non-parametric and two-tailed with a
significance level set to p < 0.05.

For descriptive purposes, the mean, standard devia-
tion, median, and range are presented. For categorical
variables, number and percentages are presented.

For comparison between groups, Fisher's Exact test
was used for dichotomous variables, the Mantel–
Haenszel Chi Square test was used for ordered categorical
variables, the Chi Square test was used for non-ordered
categorical variables, and the Fisher's non-parametric
permutation test was used for continuous variables. For
within-group comparisons of change, the Fisher's non-
parametric permutation test for matched pairs was used
for continuous variables, and for ordered categorical vari-
ables the Sign test was used. The association between
time since radiotherapy and adherence to treatment and

PAS and SPS values was calculated using the Spearman
correlation coefficient.

The ratings of swallowing function were performed
by two raters, and if the two ratings differed, the median
of the two ratings was used. Inter- and intra-rater reliabil-
ity was calculated using percent exact agreement, percent
close agreement, and weighted kappa and was inter-
preted using Landis and Koch guidelines,57 where 0.21–
0.40 indicates fair agreement, 0.41–0.60 moderate agree-
ment, 0.61–0.80 substantial agreement, and 0.81–1.00
almost perfect agreement.

2.9 | Ethical considerations

The study was conducted according to the Declaration of
Helsinki and was approved by the Regional Ethical Review
Board in Gothenburg, Sweden. All participants gave their
written informed consent before inclusion in the study.

FIGURE 1 Overview of participants. PAS denotes the Penetration Aspiration Score on the initial examination with videofluoroscopic

swallowing study (VFSS) [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 2 Descriptive

characteristics of the participants in the

intervention and control group, with

comparisons between the groups

Variables

Intervention
group (n = 25)

Control
group (n = 27)

p-value

Mean (SD) Mean (SD)

Median (min; max)
Median
(min; max)

Age (years) 63.7 (8.4)
63 (45; 80)

63.7 (6.7)
63 (50; 75)

1.00

Time since completion of radiotherapy
(months)

11.2 (5.9)
9 (6; 29)

13.0 (8.1)
9 (6; 37)

0.37

No. of patients (%) No. of patients
(%)

p-value

Sex

Male 18 (72) 21 (78)

Female 7 (28) 6 (22) 0.75

Smoking status

Non-smoker 7 (28) 6 (22)

Quit >12 months ago 11 (44) 14 (52)

Quit <12 months ago 4 (16) 3 (11)

Current smoker 3 (12) 4 (15) 0.81

Tumor location

Tonsil 11 (44) 10 (37)

Base of tongue 9 (36) 10 (37)

Hypopharynx 3 (12) 3 (11)

Larynx 2 (8) 4 (15) 0.87

TNM stage

I 2 (8) 3 (11)

II 3 (12) 2 (7)

III 1 (4) 4 (15)

IV 19 (76) 18 (67) 0.70

Radiotherapy

Once daily 23 (92) 24 (89)

Twice daily 2 (8) 3 (11) 0.54

Chemotherapy

No chemotherapy 5 (20) 5 (18.5)

Concomitant 16 (64) 17 (63)

Induction 4 (16) 5 (18.5) 0.97

Brachytherapy 10 (40) 7 (26) 0.22

Comorbiditya

None 15 (60) 12 (44)

Mild 9 (36) 10 (37)

Moderate 1 (4) 4 (15)

Severe 0 (0) 1 (4) 0.10

Salivary flow

Normal (>0.7 ml/min) 14 (56) 20 (74)

Hyposalivation (≤ 0.7 ml/min) 11 (44) 7 (26) 0.17

Feeding tube use

At baseline 1 (4) 4 (15)

At 8-week follow-up 1 (4) 4 (15) 0.20

Abbreviations: SD, standard deviation; TNM, tumor location, nodular engagement, metastasis.
aAccording to Adult Comorbidity Index (ACE-27).
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3 | RESULTS

One hundred and seventy-four individuals were assessed
for eligibility during the years 2011–2018. Sixty-one patients
were included in the study and randomized into either
intervention group (n = 30) or control group (n = 31). An
overview of patients is shown in Figure 1. Fifty-two patients
were eligible for analysis, 25 in the study group, and 27 in
the control group. Sociodemographic and clinical data of
the recruited patients are presented in Table 2. There were
no statistically significant differences between groups
regarding any of the patient characteristics listed in Table 2.
Drop-out analyses were performed where the patients
included in the intervention and control groups, respec-
tively, were compared with patients who were randomized
but did not complete their participation. The drop-out ana-
lyses did not reveal any statistically significant differences
in any of the variables reported in Table 2 in either group.

Participants in both groups were offered dysphagia
management according to local clinical praxis as
described in Table 3. There were no statistically signifi-
cant differences between the groups regarding the stan-
dard dysphagia management.

The participants in the intervention group docu-
mented adherence to training daily in a diary. The diaries

revealed patient adherence to treatment at between 80%
and 93% of the recommended isometric and isokinetic
training, with somewhat lower compliance during the
first 3 weeks and thereafter a bit higher adherence during
the following weeks (Table 4). Patients performed on
average 2.6–2.8 of the prescribed three training sessions
per day, with the highest exercise rates during Weeks
4–7.

Reasons according to the treatment diaries for not
being able to complete or failing to perform the HLE as
prescribed are presented in Table S1. Reasons for not per-
forming the prescribed exercise were either not explicitly
described (0.2%–19.8%), due to lack of time (0.8%–3.4%),
inability to cope (0%–15.4%), or muscle soreness or pain
after the exercise (0%–5.7%). Side effects of the treatment
were reported during all weeks, but more commonly dur-
ing the first 3 weeks of the treatment period (Table S1).
No serious adverse events were reported.

At baseline, aspiration was present in 13 (25%) of the
52 patients. Residue in the vallecula or pyriform sinuses
was present (<25% residue or more) in 48% of the base-
line ratings. There were no statistically significant differ-
ences between the study groups at baseline or after the
8-week treatment period with regard to worst overall
PAS and SPS (Table 5). Furthermore no significant differ-
ences in PAS scores for the different boluses were
observed between groups, with the exception of the
cookie bolus (Table 5). The control group demonstrated a
statistically significant improvement of the PAS on
cookie bolus (p = 0.012) compared to the intervention
group at 8 weeks.

At baseline, the kinematic variables did not differ sig-
nificantly between the study groups with the exception of
superior hyoid movement, where the intervention group
demonstrated less upward movement than the controls
on 20 ml thin liquid and 5 ml mildly thick liquid
(p < 0.05). There were no statistically significant changes
after treatment within the intervention group for any of
the kinematic variables. The control group showed a
decrease in upward hyoid movement amplitude
(p = 0.022) and a slightly improved maximal UES open-
ing (p = 0.047) on the cookie bolus on the VFSS at
8 weeks compared to baseline. There were no significant
differences regarding the change in any of the evaluated
variables between the two study groups after 8 weeks.
Detailed results are reported in Table S2.

The assessment of initiation of swallowing and resid-
ual after swallowing demonstrated no statistically signifi-
cant differences at baseline or follow-up for any bolus
except for sinus pyriform residue at follow-up, where the
control group presented with a worse value than the
intervention group. There were no statistically significant
differences regarding initiation or vallecular or pyriform

TABLE 3 Description of speech language pathologist

management of dysphagia

Standard
care

Intervention group Control group

p-value

No. of
patients
(%) (n = 25)

No. of
patients
(%) (n = 27)

Advice about food

No 8 (32) 6 (22)

Yes 17 (68) 21 (78) 0.54

Advice about drinking

No 16 (64) 10 (37)

Yes 9 (36) 17 (63) 0.10

Head position

No 21 (84) 22 (81)

Yes 4 (16) 5 (19) 1.00

Swallowing maneuver

No 23 (92) 25 (93)

Yes 2 (8) 2 (7) 1.00

Other advicea

No 19 (76) 17 (63)

Yes 6 (24) 10 (37) 0.38

aOther advice includes eating/drinking slowly, drink/eat in small sips/bites,

swallow repeatedly, taking small sips between bites.
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sinus residue within or between the groups. The results
are described in detail in Table S3.

Inter- and intra-rater agreement analyses are pres-
ented in Table 6. Inter-rater reliability demonstrated
mainly moderate to substantial agreement. Intra-rater
reliability demonstrated substantial to almost perfect
agreement for both raters.

There were no significant correlations between per-
centage of adherence to treatment and the changes in
PAS from baseline to follow-up. Neither were there any
significant correlations between PAS or SPS and time
since radiotherapy, except for a moderate positive corre-
lation between the PAS on 5 ml mildly thick liquid and
duration from radiotherapy in the intervention group
(Spearmans rho = 0.68, p = 0.026).

The results from the selected domains of the EORTC
QLQ-H&N35 are found in Table 7. No statistically signifi-
cant differences were found between the intervention
and control group at either baseline or follow-up of the
Swallowing and Social eating domains. Within-group
analysis revealed a statistically significant improvement
in the Swallowing domain in the intervention group fol-
lowing intervention. Otherwise, no significant differences
were found within the two study groups regarding self-
reported swallowing function when comparing baseline
and follow-up.

4 | DISCUSSION

The present study aimed to evaluate if the Shaker HLE
could improve swallowing function in patients treated
with radiotherapy for HNC, measured with VFSS and
self-perceived swallowing and eating as measured by the
EORTC QLQ-H&N35. There were no consistent signifi-
cant differences in swallowing function between or
within the two study groups before or after treatment.
Thus, the findings in this study do not support HLE as an
efficient treatment for dysphagia after radiotherapy in
patients with HNC.

The cohort included in the present study seemed to
be representative of the HNC population when compar-
ing the aspiration rates. Before start of intervention, aspi-
ration, that is, a PAS of 6 or more, was present in almost
25% of the participants. This number corresponds well to
a recent meta-analysis that reported aspiration in 17%–
29% of patients at 3–6 months following radiotherapy.58

However, in the present study, pharyngeal residue was
present to some extent in 48% of the cases, which is lower
than the number observed in the same meta-analysis58 at
6 months following radiotherapy (62%). This difference is
possibly due to different methodology of rating of residue
and different combinations of tumor localizations.T
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Previous studies investigating the efficacy of the HLE
in normal subjects have resulted in improved anterior
movement of the hyoid bone, opening of the UES and
thyrohyoid shortening.38–41,43,59 Studies of stroke patients
with dysphagia demonstrated improvement of
penetration-aspiration scores following exercise with the
Shaker HLE.60,61 Additionally, a small randomized study
including patients with dysphagia due to stroke or HNC
found that there was significantly less post-swallow aspi-
ration following 6 weeks of the HLE.42 The results of the
present study differed, since no statistically significant
improvements were seen in any of the measured vari-
ables. It is possible that the difficulties found in patients
treated for HNC are of a different character than patients
after for example, a stroke, due to the physiological differ-
ences following fibrosis, with stiffness and a high preva-
lence of pharyngeal residue after swallowing.58 The
intervention in the present study was set to begin at least
6 months following completion of radiotherapy, in order
to reduce the effect of spontaneous improvement due to
recovery after radiotherapy. However, it is possible that
the changes which occurred following radiotherapy, such
as stiffness and fibrosis of the structures, were the pri-
mary causes of the observed swallowing difficulties
(e.g., residue in the vallecular and sinus pyriform spaces)
yet could not be targeted by the HLE. In comparison,
Langmore et al.62 evaluated the efficacy of electrical stimu-
lation (e-stim) together with swallowing exercises versus
swallowing exercises only (control group) in patients with
dysphagia following treatment for HNC in a randomized
controlled study. This study found few statistically signifi-
cant differences after intervention, except better outcome
regarding the PAS score in the control group. They con-
cluded that neither e-stim nor swallowing exercises alone
were effective in terms of dysphagia intervention. This sug-
gests that once post-radiation dysphagia has occurred, cur-
rent rehabilitation methods are limited in improving
swallowing function. Similarly, the findings in the present

study indicate that swallowing difficulties related to radio-
therapy in the head and neck region are difficult to
improve by using HLE therapy.

To a certain degree, the present study also confirms
the results of the pilot study preceding this randomized
study.45 Likewise, no differences were seen before and
after HLE treatment with regard to the instrumental
swallowing evaluation, but some change for the better
was noted in the patient-reported outcome. The present
study included data on the EORCT QLQ-H&N35
domains Swallowing and Social eating. In the HLE
group, improvement was seen in the Swallowing domain
of the questionnaire, indicating a self-perceived decrease
of swallowing difficulties after treatment. This change,
however, was not statistically different compared to the
function score in the control group, which indicates that
the HLE did not improve self-perceived swallowing func-
tion more than standard dysphagia management.

Although our results suggest that the HLE does not
improve objectively measured swallowing function after
radiotherapy more than the standard management, it can-
not be ruled out that the HLE could be of benefit for pre-
vention of dysphagia in the HNC population, or used in
combination with other intervention efforts. HLE is often
included in preventive exercise programs for swallowing in
HNC, which have resulted in less need for feeding tube
use, greater tolerance of oral intake and improved self-
perceived symptom experience.63–65 However, since the
HLE was combined with several other exercises it is impos-
sible to determine to which extent, if any, it contributes
proactively to the improvement in swallowing function.

The HLE focuses on exercising the extrinsic neck mus-
cles, under the hypothesis that this consequently would
improve swallowing function. In a normal swallow, the
infra- and suprahyoidal muscles are activated.66–68 The
Shaker HLE has been evaluated in several studies regard-
ing which muscles are involved the exercise, where the
infra-, suprahyoidal, and the sternocleidomastoid muscles

TABLE 6 Inter- and intra-rater reliability for the Penetration Aspiration Scale for the two raters

Inter-rater reliability Intra-rater reliability rater 1 Intra-rater reliability rater 2

Weighted kappa PEA (PCA) Weighted kappa PEA (PCA) Weighted kappa PEA (PCA)

3 ml thin 0.67 51.9 (88.5) 0.74 76.5 (94.1) 0.97 94.1 (100)

20 ml thin 0.73 57.7 (76.9) 0.69 58.8 (76.5) 0.80 70.6 (76.5)

5 ml mildly thick 0.48 55.8 (84.6) 0.68 76.5 (100) 0.85 82.4 (94.1)

3 ml extremely thick 0.23 63.5 (88.5) 0.81 76.5 (100) 0.95 94.1 (100)

Cookie 0.48 63.5 (75.0) 0.79 82.4 (94.1) 0.80 94.1 (94.1)

Note: Sixteen percent of evaluations were performed twice allowing for intra-rater reliability analysis. Interpretation of Kappa statistics: 0.21–0.40 indicates fair
agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial agreement, and 0.81–1.00 almost perfect agreement.

Abbreviations: PCA, percent close agreement; PEA, percent exact agreement.
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have been shown to be activated during the HLE,69,70 indi-
cating that the exercise should have a positive impact on
swallowing function. However, several studies investigating
the effects of the HLE compared to the chin tuck against
resistance (CTAR) found that the HLE did not increase
maximal suprahyoid muscle activation.71–73 This could be
one explanation to why the present study did not find any
significant improvements of swallowing function, that is,
that the Shaker HLE is not specifically strengthening the
muscles active in swallowing.

Radiotherapy-induced fibrosis is generally said to be
difficult to halt once the fibrotic process is activated.7 A
study investigating the presence of fibrotic tissue in HNC
found that approximately 70% of patients were found to
have some degree of fibrotic tissue as early as 3 months
following radiotherapy, a number that remains also after
12 months.74 Therefore, in these patients, where the mus-
culature is encased in stiff fibrotic tissue, which is not
likely made more pliable, rehabilitation through exercise
is more difficult, since the exercise needs to strengthen
the musculature enough so that they may possibly push
through the fibrotic tissue. This may be one of the rea-
sons that the HLE did not improve the swallowing out-
comes, the exercise was not enough to strengthen the
muscles in order to push through the stiff fibrotic tissue.
In order to cause physiological changes crucial for suc-
cessful rehabilitation in other muscle groups, such as the
limbs, suprahyoid, and upper esophageal sphincter, mus-
cle overload, among other parameters, is necessary.23 A
sign of muscle overload is neuromuscular fatigue induced
by the exercise.75 In the present study, only a few partici-
pants reported fatigue of the muscles following the exer-
cise, especially at the beginning of the treatment period.
It could possibly be beneficial to increase the resistance
gradually by, for example, increasing the number of repe-
titions and time in isometric exercise, or, as previously
suggested, perform the CTAR.69

The adherence to the HLE treatment was high, above
80% throughout the whole treatment period. The patient-
reported exercise was, as expected, a little lower at the
beginning, but improved over time. The drop-outs that
occurred during this period were not due to the experi-
ences of general fatigue, as previously reported,45 but for
other reasons as stated in Figure 1. This indicates that the
exercises and study protocol, with more frequent contacts
with an SLP during the first weeks of exercise as
suggested by Easterling et al., was successful in targeting
exercise adherence and preventing drop-out.41

A limitation of this study is that PAS of at least 2 (i.-
e. penetration to the laryngeal vestibule) on the initial
VFSS examination was selected as an inclusion criterium.
Thus, individuals with less severe dysphagia after HNC
treatment as well as individuals with more severelyT
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affected swallowing function were included. It may be
that this gave less room for improvement than if the PAS
for inclusion would have been set higher, that is, inclu-
sion of only more severely affected patients. The power
calculation of this study was made solely on the expected
changes in PAS, which also could be considered a limita-
tion. Moreover, the random allocation did not include
time since oncologic treatment which may have had an
impact on the results, since a recent study has found that
swallowing therapy that was initiated within 1 year after
radiotherapy resulted in better outcomes than for
patients with later swallowing intervention.76 However,
no statistically significant differences were found
between the groups regarding time from oncologic treat-
ment. In the present study, several statistical analyses
were made, while few statistically significant results were
observed. Therefore, one cannot rule out that the signifi-
cances that were found were due to chance, and not to
true change. Another limitation is that the compliance to
the advice given as standard dysphagia management was
not measured, so we do not know how well the patients
actually performed the prescribed maneuvers or used the
techniques recommended to them.

A significant strength of the study is that it is the first
randomized study on the therapeutic effect of HLE in
dysphagia after radiotherapy of HNC patients. Addition-
ally, the included cohort corresponds well to some of the
most common tumor localizations within the head and
neck area, and the results should therefore be representa-
tive to the HNC population in general.

5 | CONCLUSIONS

The results of the present study indicated that the Shaker
HLE did not significantly improve swallowing function
in patients treated with radiotherapy for tumors of the
tonsils, base of tongue, larynx and hypopharynx, as mea-
sured by VFSS and patient reported outcomes. Therefore,
the HLE should not be offered as a standalone dysphagia
rehabilitation in this population. It is possible that the
HLE given at an earlier stage, or in conjunction with
other exercises might have resulted in different outcomes.
However, this is an important result in order to prevent
patients from performing unnecessary exercise, when
they could rather focus on the symptoms and interven-
tions that are effective, where the standard treatments
such as head positioning, consistency alterations, and
other swallowing maneuvers seem to maintain a stable
swallowing function. Effective intervention for dysphagia
remains needed; therefore, future studies investigating
the effect of other intervention methods are warranted.

ACKNOWLEDGMENTS
A special thanks goes to the speech-language pathologists
involved in the inclusion and follow-up of patients.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

DATA AVAILABILITY STATEMENT
Data not available due to privacy/ethical restrictions.

ORCID
Lisa Tuomi https://orcid.org/0000-0003-2081-3589

REFERENCES
1. Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: can-

cer today. Accessed February 11, 2021. https://gco.iarc.fr/today
2. Regionala cancercentrum i samverkan. Huvud- och halscancer:

Nationellt vårdprogram, 2019.
3. Jensen K, Lambertsen K, Grau C. Late swallowing dysfunction

and dysphagia after radiotherapy for pharynx cancer: fre-
quency, intensity and correlation with dose and volume param-
eters. Radiother Oncol. 2007;85:74-82.

4. Szczesniak MM, Maclean J, Zhang T, Graham PH, Cook IJ. Persis-
tent dysphagia after head and neck radiotherapy: a common and
under-reported complication with significant effect on non-can-
cer-related mortality. Clin Oncol (R Coll Radiol). 2014;26:697-703.

5. Perkins CHKL, Ward E. Speech and swallowing following
laryngeal and hypopharyngeal cancer. In: Ward EC, Van BC,
eds. Head and Neck Cancer: Treatment, Rehabilitation and Out-
comes. Plural Publishing; 2007:145-192.

6. Ohba S, Yokoyama J, Kojima M, et al. Significant preservation
of swallowing function in chemoradiotherapy for advanced
head and neck cancer by prophylactic swallowing exercise.
Head Neck. 2016;38:517-521.

7. Hutcheson KA, Lewin JS, Barringer DA, et al. Late dysphagia
after radiotherapy-based treatment of head and neck cancer.
Cancer. 2012;118:5793-5799.

8. Ward EC, Van BC. Head and Neck Cancer - Treatment, Rehabil-
itation, and Outcomes. 1st ed. Plural Publishing Inc; 2007.

9. Yarnold J, Brotons MC. Pathogenetic mechanisms in radiation
fibrosis. Radiother Oncol. 2010;97:149-161.

10. Strojan P, Hutcheson KA, Eisbruch A, et al. Treatment of late
sequelae after radiotherapy for head and neck cancer. Cancer
Treat Rev. 2017;59:79-92.

11. Logemann JA, Pauloski BR, Rademaker AW, et al. Swallowing
disorders in the first year after radiation and chemoradiation.
Head Neck. 2008;30:148-158.

12. Logemann JA, Rademaker AW, Pauloski BR, et al. Site of dis-
ease and treatment protocol as correlates of swallowing func-
tion in patients with head and neck cancer treated with
chemoradiation. Head Neck. 2006;28:64-73.

13. Ekberg O. Dysphagia - Diagnosis and Treament. 2nd ed.
Springer International Publishing; 2019.

14. Pauloski BR. Rehabilitation of dysphagia following head and
neck cancer. Phys Med Rehabil Clin N Am. 2008;19:889-928.

15. Agarwal J, Palwe V, Dutta D, et al. Objective assessment of
swallowing function after definitive concurrent (chemo)

TUOMI ET AL. 873

https://orcid.org/0000-0003-2081-3589
https://orcid.org/0000-0003-2081-3589
https://gco.iarc.fr/today


radiotherapy in patients with head and neck cancer. Dysphagia.
2011;26:399-406.

16. Ottosson S, Lindblom U, Wahlberg P, et al. Weight loss and
body mass index in relation to aspiration in patients treated for
head and neck cancer: a long-term follow-up. Support Care
Cancer. 2014;22:2361-2369.

17. Nguyen NP, Frank C, Moltz CC, et al. Analysis of factors
influencing aspiration risk following chemoradiation for oro-
pharyngeal cancer. Br J Radiol. 2009;82:675-680.

18. Heijnen BJ, Speyer R, Kertscher B, et al. Dysphagia, speech,
voice, and trismus following radiotherapy and/or chemother-
apy in patients with head and neck carcinoma: review of the
literature. Biomed Res Int. 2016;2016:6086894.

19. Nguyen NP, Frank C, Moltz CC, et al. Aspiration rate following
chemoradiation for head and neck cancer: an underreported
occurrence. Radiother Oncol. 2006;80:302-306.

20. Eisbruch A, Lyden T, Bradford CR, et al. Objective assessment
of swallowing dysfunction and aspiration after radiation con-
current with chemotherapy for head-and-neck cancer. Int J
Rad Oncol Biol Phys. 2002;53:23-28.

21. Lindblom U, Nilsson P, Gärskog O, et al. Aspiration as a late compli-
cation after accelerated versus conventional radiotherapy in patients
with head and neck cancer. Acta Otolaryngol. 2016;136:304-311.

22. Nguyen NP, Moltz CC, Frank C, et al. Dysphagia following
chemoradiation for locally advanced head and neck cancer.
Ann Oncol. 2004;15:383-388.

23. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training
exercise in dysphagia rehabilitation: principles, procedures,
and directions for future research. Dysphagia. 2007;22:251-265.

24. Zebralla V, Wichmann G, Pirlich M, et al. Dysphagia, voice
problems, and pain in head and neck cancer patients. Eur Arch
Otorhinolaryngol. 2021;278:3985-3994.

25. Grant S, Kamal M, Mohamed ASR, et al. Single-item discrimina-
tion of quality-of-life-altering dysphagia among 714 long-term
oropharyngeal cancer survivors: comparison of patient-reported
outcome measures of swallowing. Cancer. 2019;125:1654-1664.

26. Hunter KU, Schipper M, Feng FY, et al. Toxicities affecting
quality of life after chemo-IMRT of oropharyngeal cancer: pro-
spective study of patient-reported, observer-rated, and objective
outcomes. Int J Radiat Oncol Biol Phys. 2013;85:935-940.

27. Tuomi L, Fransson P,Wennerberg J, Finizia C. A longitudinal study
of the Swedish MD Anderson Dysphagia Inventory in patients with
oral cancer. Laryngosc Invest Otolaryngol. 2020;5:1125-1132.

28. Bojaxhiu B, Shrestha BK, Luterbacher P, et al. Unplanned hos-
pitalizations in patients with locoregionally advanced head and
neck cancer treated with (chemo)radiotherapy with and with-
out prophylactic percutaneous endoscopic gastrostomy. Radiat
Oncol. 2020;15:281.

29. Bisch EM, Logemann JA, Rademaker AW, Kahrilas PJ, Lazarus CL.
Pharyngeal effects of bolus volume, viscosity, and temperature in
patients with dysphagia resulting from neurologic impairment and
in normal subjects. J Speech Hear Res. 1994;37:1041-1059.

30. Raut VV, McKee GJ, Johnston BT. Effect of bolus consistency
on swallowing–does altering consistency help? Eur Arch
Otorhinolaryngol. 2001;258:49-53.

31. Lawson N, Krisciunas GP, Langmore SE, Castellano K,
Sokoloff W, Hayatbakhsh R. Comparing dysphagia therapy in
head and neck cancer patients in Australia with international
healthcare systems. Int J Speech Lang Pathol. 2017;19:128-138.

32. Welch MV, Logemann JA, Rademaker AW, Kahrilas PJ.
Changes in pharyngeal dimensions effected by chin tuck. Arch
Phys Med Rehabil. 1993;74:178-181.

33. Krisciunas GP, Sokoloff W, Stepas K, Langmore SE. Survey of
usual practice: dysphagia therapy in head and neck cancer
patients. Dysphagia. 2012;27:538-549.

34. Krekeler BN, Rowe LM, Connor NP. Dose in exercise-based
dysphagia therapies: a scoping review. Dysphagia. 2021;36:1-32.

35. Kraaijenga SAC, Molen LV, Stuiver MM, et al. Efficacy of a novel
swallowing exercise program for chronic dysphagia in long-term
head and neck cancer survivors.Head Neck. 2017;39:1943-1961.

36. Greco E, Simic T, Ringash J, Tomlinson G, Inamoto Y,
Martino R. Dysphagia treatment for patients with head and
neck cancer undergoing radiation therapy: a meta-analysis
review. Int J Radiat Oncol Biol Phys. 2018;101:421-444.

37. Perry A, Lee SH, Cotton S, Kennedy C. Therapeutic exercises
for affecting post-treatment swallowing in people treated for
advanced-stage head and neck cancers. Cochrane Database Syst
Rev. 2016;2016:CD011112.

38. Shaker R, Kern M, Bardan E, et al. Augmentation of deglutitive
upper esophageal sphincter opening in the elderly by exercise.
Am J Physiol. 1997;272:G1518-G1522.

39. Cook IJ, Dodds WJ, Dantas RO, et al. Opening mechanisms of
the human upper esophageal sphincter. Am J Physiol. 1989;
257:G748-G759.

40. Jacob P, Kahrilas PJ, Logemann JA, Shah V, Ha T. Upper
esophageal sphincter opening and modulation during
swallowing. Gastroenterology. 1989;97:1469-1478.

41. Easterling C, Grande B, Kern M, Sears K, Shaker R. Attaining
and maintaining isometric and isokinetic goals of the Shaker
exercise. Dysphagia. 2005;20:133-138.

42. Logemann JA, Rademaker A, Pauloski BR, et al. A randomized
study comparing the Shaker exercise with traditional therapy:
a preliminary study. Dysphagia. 2009;24:403-411.

43. Mepani R, Antonik S, Massey B, et al. Augmentation of
deglutitive thyrohyoid muscle shortening by the Shaker exer-
cise. Dysphagia. 2009;24:26-31.

44. Shaker R, Easterling C, Kern M, et al. Rehabilitation of
swallowing by exercise in tube-fed patients with pharyngeal
dysphagia secondary to abnormal UES opening. Gastroenterol-
ogy. 2002;122:1314-1321.

45. Rudberg I, Bergquist H, Andersson M, Dotevall H, Horv�ath S,
Finizia C. Shaker exercise rehabilitation in head and neck can-
cer and stroke patients with dysphagia - a pilot study. J Cancer
Sci Clinic Onocol. 2015;2. doi:10.15744/2394-6520.2.302

46. Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A
penetration-aspiration scale. Dysphagia. 1996;11:93-98.

47. Piccirillo JF, Spitznagel EL, Vermani N, Costas I, Schnitzler M.
Comparison of comorbidity indices for patients with head and
neck cancer. Med Care. 2004;482-486:482-486.

48. International Dysphagia Diet Standardisation Initiative (IDDSI)
Framework. Accessed June 1, 2016. http://www.iddsi.org

49. Martin-Harris B, Brodsky MB, Michel Y, et al. MBS measure-
ment tool for swallow impairment – MBSImp: establishing a
standard. Dysphagia. 2008;23:392-405.

50. Neubauer PD, Hersey DP, Leder SB. Pharyngeal residue
severity rating scales based on fiberoptic endoscopic evalua-
tion of swallowing: a systematic review. Dysphagia. 2016;31:
352-359.

874 TUOMI ET AL.

info:doi/10.15744/2394-6520.2.302
http://www.iddsi.org


51. Neubauer PD, Rademaker AW, Leder SB. The Yale pharyngeal
residue severity rating scale: an anatomically defined and
image-based tool. Dysphagia. 2015;30:521-528.

52. Karnell M, MacCracken E. A database information storage and
reporting system for videofluorographic oropharyngeal motility
(OPM) swallowing evaluations. Am J Speech Language Pathol.
1994;3:54-60.

53. Molfenter SM, Steele CM. Kinematic and temporal factors asso-
ciated with penetration – aspiration in swallowing liquids. Dys-
phagia. 2014;29:269-276.

54. Belafsky PC, Kuhn MA. The clinician's guide to swallowing fluo-
roscopy (objective measures on videofluoroscopic swallow stud-
ies). Springer Science and Business Media; 2014.

55. Aaronson NK, Ahmedzai S, Bergman B, et al. The European
Organization for Research and Treatment of Cancer QLQ-C30:
a quality-of-life instrument for use in international clinical tri-
als in oncology. J Natl Cancer Inst. 1993;85:365-376.

56. Bjordal K, Ahlner-Elmqvist M, Tollesson E, et al. Development
of a European Organization for Research and Treatment of
Cancer (EORTC) questionnaire module to be used in quality of
life assessments in head and neck cancer patients. EORTC
Quality of Life Study Group. Acta Oncol. 1994;33:879-885.

57. Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics. 1977;33:159-174.

58. Porto de Toledo I, Pantoja LLQ, Luchesi KF, Assad DX, De
Luca CG, Guerra ENS. Deglutition disorders as a consequence
of head and neck cancer therapies: a systematic review and
meta-analysis. Support Care Cancer. 2019;27:3681-3700.

59. Antunes EB, Lunet N. Effects of the head lift exercise on the
swallow function: a systematic review. Gerodontology. 2012;29:
247-257.

60. Gao J, Zhang HJ. Effects of chin tuck against resistance versus
Shaker exercise on dysphagia and psychological state after
cerebral infarction. Eur J Phys Rehabil Med. 2017;3:426-432.

61. Park JS, Hwang NK, Oh DH, Chang MY. Effect of head lift
exercise on kinematic motion of the hyolaryngeal complex and
aspiration in patients with dysphagic stroke. J Oral Rehabil.
2017;44:385-391.

62. Langmore SE, McCulloch TM, Krisciunas GP, et al. Efficacy of
electrical stimulation and exercise for dysphagia in patients
with head and neck cancer: a randomized clinical trial. Head
Neck. 2016;38 (Suppl 1):E1221-E1231.

63. Ajmani GS, Nocon CC, Brockstein BE, et al. Association of a
proactive swallowing rehabilitation program with feeding tube
placement in patients treated for pharyngeal cancer. JAMA
Otolaryngol Head Neck Surg. 2018;144:483-488.

64. Carmignani I, Locatello LG, Desideri I, et al. Analysis of dys-
phagia in advanced-stage head-and-neck cancer patients:
impact on quality of life and development of a preventive
swallowing treatment. Eur Arch Otorhinolaryngol. 2018;275:
2159-2167.

65. Duarte VM, Chhetri DK, Liu YF, Erman AA, Wang MB. Swal-
low preservation exercises during chemoradiation therapy
maintains swallow function. Otolaryngol Head Neck Surg. 2013;
149:878-884.

66. Spiro J, Rendell JK, Gay T. Activation and coordination pat-
terns of the suprahyoid muscles during swallowing. Laryngo-
scope. 1994;104:1376-1382.

67. Park D, Lee HH, Lee ST, et al. Normal contractile algorithm of
swallowing related muscles revealed by needle EMG and its
comparison to videofluoroscopic swallowing study and high res-
olution manometry studies: a preliminary study. J Electromyogr
Kinesiol. 2017;36:81-89.

68. Molfenter SM, Steele CM. Physiological variability in the deglu-
tition literature: hyoid and laryngeal kinematics. Dysphagia.
2011;26:67-74.

69. Karsten RT, Ter Beek LC, Jasperse B, et al. MRI assessment of
swallow muscle activation with the swallow exercise aid and
with conventional exercises in healthy volunteers: an explor-
ative biomechanical study. Dysphagia. 2021;36:41-53.

70. Ferdjallah M, Wertsch JJ, Shaker R. Spectral analysis of surface elec-
tromyography (EMG) of upper esophageal sphincter-opening mus-
cles during head lift exercise. J Rehabil Res Dev. 2000;37:335-340.

71. Kılınç HE, Arslan SS, Demir N, Karaduman A. The effects of
different exercise trainings on suprahyoid muscle activation,
tongue pressure force and dysphagia limit in healthy subjects.
Dysphagia. 2020;35:717-724.

72. Sze WP, Yoon WL, Escoffier N, Rickard Liow SJ. Evaluating the
training effects of two swallowing rehabilitation therapies using
surface electromyography – chin tuck against resistance (CTAR)
exercise and the Shaker exercise. Dysphagia. 2016;31:195-205.

73. Yoon WL, Khoo JKP, Rickard Liow SJ. Chin tuck against resis-
tance (CTAR): new method for enhancing suprahyoid muscle
activity using a Shaker-type exercise. Dysphagia. 2014;29:243-248.

74. Ridner SH, Dietrich MS, Niermann K, Cmelak A, Mannion K,
Murphy B. A prospective study of the lymphedema and fibrosis
continuum in patients with head and neck cancer. Lymphat
Res Biol. 2016;14:198-205.

75. Gandevia SC. Spinal and supraspinal factors in human muscle
fatigue. Physiol Rev. 2001;81:1725-1789.

76. Van Daele DJ, Langmore SE, Krisciunas GP, et al. The impact
of time after radiation treatment on dysphagia in patients with
head and neck cancer enrolled in a swallowing therapy pro-
gram. Head Neck. 2019;41:606-614.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher's website.

How to cite this article: Tuomi L, Dotevall H,
Bergquist H, Petersson K, Andersson M, Finizia C.
The effect of the Shaker head-lift exercise on
swallowing function following treatment for head
and neck cancer: Results from a randomized,
controlled trial with videofluoroscopic evaluation.
Head & Neck. 2022;44(4):862-875.
doi:10.1002/hed.26982

TUOMI ET AL. 875

info:doi/10.1002/hed.26982

	The effect of the Shaker head-lift exercise on swallowing function following treatment for head and neck cancer: Results fr...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Participants
	2.2  Design
	2.3  Oncologic treatment
	2.4  Intervention
	2.5  Videofluoroscopic examination of swallowing
	2.6  Outcome measures
	2.7  Patient-reported outcomes
	2.8  Statistical analysis
	2.9  Ethical considerations

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


