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Preventive measures for the progression
of dysphagia in patients with cancer of
head and neck subjected to radiotherapy: a
systematic review with meta-analysis

Medidas de prevengado da progressao da
disfagia em pacientes com cancer de cabeca
e pesco¢o submetidos a radioterapia: uma
revisdo sistemadtica com meta-analise

ABSTRACT

Purpose: To identify the effects of prophylactic, non-pharmacological measures on the progression of dysphagia
in patients with head and neck cancer undergoing radiotherapy. Research strategies: The search was performed
in Medline (via PubMed), Scopus, and Embase databases, as well as in the gray literature. Selection criteria:
Randomized clinical trials were included, with adult patients (> 18 years old) and diagnosed with head and
neck cancer, treated with radiotherapy (with or without surgery and chemotherapy), and submitted to non-
pharmacological protocols for the prevention of dysphagia. Data analysis: The risk of bias was assessed using
the PEDRO scale and the overall quality of evidence was assessed using the GRADE instrument. Results: Four
studies were considered eligible, and of these, two were included in the meta-analysis. The result favored the
intervention group, with a mean difference of 1.27 [95% CI: 0.74 to 1.80]. There was low heterogeneity and the
mean score for risk of bias was 7.5 out of 11 points. The lack of detail in the care with selection, performance,
detection, attrition, and reporting biases contributed to the judgment of the quality of the evidence, considered
low. Conclusion: Prophylactic measures to contain dysphagia can promote important benefits on the oral intake
of patients with head and neck cancer when compared to those who did not undergo such a therapeutic measure
during radiotherapy.

RESUMO

Objetivo: Identificar os efeitos de medidas profilaticas, ndo farmacoldgicas, sobre a progressao da disfagia em
pacientes com cancer de cabega e pescogo submetidos a radioterapia. Estratégia de pesquisa: A busca foi realizada
nas bases de dados Medline (via PubMed), Scopus e Embase, assim como na literatura cinzenta. Critérios de
selecdo: Foram incluidos ensaios clinicos randomizados, com pacientes adultos (> 18 anos) e diagndstico de
cancer de cabega e pescogo, tratados com radioterapia (associada ou ndo a cirurgia e quimioterapia) submetidos
a protocolos ndo farmacoldgicos de prevengao da disfagia. Analise dos dados: O risco de viés foi avaliado por
meio da escala PEDRO e a qualidade global da evidéncia foi avaliada de acordo com o instrumento GRADE.
Resultados: Foram considerados elegiveis 4 estudos, e desses, dois foram incluidos na metanalise. O resultado
favoreceu o grupo intervengao, com diferenga média de 1,27 [IC 95%: 0,74 a 1,80]. Houve baixa heterogeneidade
e a pontuagdo média para risco de viés foi de 7,5 de um total de 11 pontos. A falta de detalhamento nos cuidados
com os vieses de selecdo, performance, detecgao, atrito e de relato contribuiram para o julgamento da qualidade
da evidéncia, considerada baixa. Conclusio: Medidas profilaticas de conteng@o da disfagia podem promover
importantes beneficios sobre a ingesta oral dos pacientes com cancer de cabeca e pescogo, quando comparados
aqueles que ndo realizaram tal medida terapéutica ao longo da radioterapia.
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INTRODUCTION

Dysphagia is a common alteration in patients with head
and neck cancer (HNC)". This disorder causes oral nutrition
limitation and damage to the nutritional state, increasing the
risk of recurrent aspiration pneumonia®. Due to the role of oral
nutrition in the functionality and quality of life, it is fundamental
to detect early alterations indicating the onset of dysphagia to
soften the impact of the disorder on the cancer treatment course®.

It is known that patients with HNC who are subjected to
radiotherapy (RT) may have their swallowing function more
damaged than those who are only subjected to surgical intervention.
The adverse effects caused by radiation, like mucositis, xerostomia,
pain, skin reactions, and swelling, combined with tissue fibrosis,
contribute to swallowing deterioration®.

In general, the whole skeletal muscle is affected by the poor
nutritional state caused by the reduction in swallowing capacity.
In such a process, the muscle involved in the swallowing process
loses performance and the clinical condition worsens®®. In these
cases, it is common to resort to alternative nutrition routes
during the treatment; however, it is known that despite being
necessary, an artificial diet can be insufficient to maintain the
nutritional state and may also act negatively on the evolution
of dysphagia®.

Due to the adverse effects that appear throughout the
treatment, the individuals may have their oral food intake either
limited or interrupted, and such disuse of the muscle involved
in swallowing can stimulate the remodeling of the muscles and
possibly potentialize fibrosis and radio-induced swelling®©.
The skeletal muscles start to show evidence of atrophy by disuse
only a few hours after immobilization®'?.

Dysphagia recovery associated with HNC involves multiple
approaches, especially in patients treated with radiotherapy
due to the long-term effects induced by ionizing radiation
(tissue fibrosis). Over the past few years, the effect of different
prophylaxis models on dysphagia has been investigated in the
context of antineoplastic treatment to identify the ideal moment
to start an intervention®!".

These are some important measures since RT, despite
its desired antitumor effects, promotes cumulative effects in
molecular routes of the skeletal muscle, which implies changes
in the muscle configuration with mutation of both the type and
size of the muscle fibers, an increase of local fatty tissue, and
redistribution of fibers in the muscle®™,

Even though these preventive measures have been investigated
and sometimes applied, a consensus is yet to be reached regarding
the effect of prophylactic measures on the degree of dysphagia.
Therefore, this systematic review study aimed to assess the effect of
prophylactic interventions on the progression of dysphagia associated
with HNC in patients subjected to radiotherapy to guide and favor
the decision-making process in the early clinical management('?.

PURPOSE

This study aimed to identify the effect of non-pharmacological
prophylactic measures on the progression of dysphagia in patients
with head and neck cancer who are subjected to radiotherapy.

RESEARCH STRATEGIES

This study is based on the recommendations of the Cochrane
Handbook®. The review is described according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA Statement) according to the checklist in the
Supplementary Material ', This research was also registered in
the International Prospective Register of Systematic Reviews
(PROSPERO) identified as CRD42021226726, using the PICO
(Population, Intervention, Comparison/Control, Outcome)
strategy15:19),

SELECTION CRITERIA

We included only randomized clinical tests whose at least
one arm analyzed the prophylactic effect of non-pharmacological
interventions on dysphagia by comparing the results with a control
group. The sample includes adult patients with a diagnosis of
HNC and indication of radiotherapy, associated or not with
chemotherapy and surgery, with or without dysphagia at the
beginning of the study.

We considered the following primary outcome: progression
of dysphagia degree assessed by the difference between the initial
and final assessments. There were no restrictions regarding the
dysphagia measurement method or instrument since the results
were normalized through the difference between the initial and
final degrees of the dysphagia state. The secondary outcome
considered the analysis of the nutritional profile and the presence
of alternative nutrition routes.

As for the intervention of interest, there was no restriction
or referring to either one or another prophylactic measure of
prevention or progression (worsening) of dysphagia. The techniques
of specific prophylaxis were not compared, only their effects
were measured regarding the usual care (usually based on
guidelines) or regarding a placebo or sham treatments.

We excluded studies without any non-pharmacological
intervention for the prevention of dysphagia and/or speech
therapy assessment.

Our search was performed on the following main databases:
Medline (via PubMed), Scopus, and Embase, in addition to
the gray literature on the Clinical Trial, WHO International
Clinical Trials Registry Platform, REBEC, OpenGrey, as well
as abstracts of potentially relevant congresses over the past
five years. A manual search for papers was also conducted by
screening the references of the papers included in this systematic
review. We started the selection process of the studies right after
the last search (December 2020).

There was no restriction of languages or publication dates for
the studies on the databases and in the gray literature. We used
several morphological variations and synonym terms related to
the following words: “Head and neck neoplasms”, “Deglutition
disorders”, “Dysphagia”, “Swallowing disorders”, “Prevention”,
“Prophylactic”, “Randomized controlled trial”, “randomized”,
“controlled”, and “trial”. The full search strategy for each
bibliographic base is described in the Supplementary Material.

After excluding the repeated papers, two reviewers (AGB and
NSF) assessed the titles and abstracts independently. The papers
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were selected based on the eligibility criteria using the software
of bibliographical management (Mendeley). At this step, any
disagreements were analyzed by a third reviewer (FEM).

After the exclusion based on the titles and abstracts, the
full texts were read by the two reviewers for the final decision
of either including or excluding the paper. Any disagreements
were resolved by a third reviewer (FEM).

Data extraction was performed by two authors (AGB and
NSF) using a standard form for the following information: study
design, first author, year of publication, location, sampling size,
clinical characteristics of the volunteers, detailed description
of the interventions implemented, control groups, and pre-and
post-treatment values for the results generated from the different
dysphagia assessment scales, both for the control group and the
intervention group.

All information was organized and stored in a file on the
Excel software, and the disagreements between the authors were
resolved by consensus with the third reviewer, who performed
the data checking.

DATA ANALYSIS

Two independent reviewers (EDP and VBM) assessed the
risk of bias (PEDRO scale)!'”, and the final evaluations were
discussed and defined combined with all authors. To score the
criteria of the scale, the information must be clear and objective,
otherwise, the score is considered null. Chart 1 shows the
respective results.

The global quality of evidence was assessed based on the
GRADE approach®??, For each outcome, the quality of evidence

is initially considered ‘high’ and subsequently can be lower
graded to the levels of ‘moderate’, ‘low’, or ‘very low’ quality,
depending on the assessment of the following five criteria: risk
of bias in the individual studies, indirect evidence, heterogeneity,
imprecision, and risk of bias in the publication. The quality of
evidence was individually evaluated in two ways: a) for the
body of evidence composed only of studies included in the
meta-analysis and b) for the body of evidence included in this
systematic review, composed of the entirety of the narratively
synthesized individual studies®?.

The bias of publication was assessed through linear regression
of the estimates of the intervention effect by its reverse variance
using the Egger test and a Funnel Plot chart.

According to Figure 1, only the results from two studies!:2?
were statistically collected from a meta-analysis. The analysis
followed the reverse method of variances and estimator of Der
Simonian and Laird for t? in a model of random effects, which
allows for statistically incorporating the variability between
studies into the estimate of the final effect. For continuous
outcomes, we used the data of the post-treatment means of
each group to calculate the effect size (Cohen D) from a mean
weighted difference (MWD).

The results of studies that did not report the data as mean
and standard deviation (SD) in the metanalyses were included
by converting the data from median to mean according to the
Hozo method™. All analyses were performed on the RStudio
software (version 1.3.1093) using the ‘meta’ package in the R
language (version 4.0.3).

The statistical heterogeneity was quantitatively assessed using
the P statistical and the  test. The statistical heterogeneity was

Chart 1. Assessment of the methodological quality of the papers according to the Pedro scale'”

PEDRO CLASSIFICATION / PAPERS Carnaby-Mann et al.™ Messing et al.(® Mortensen et al.(”® Kotz et al.®®
Ext | Validit
reema; ey 1 Inclusion criteria Y Y Y Y
(Max = 1)
2 Random allocation Y Y Y Y
3 Secret allocation N Y N N
.~ 4 Similar group at the
Int | Validit
nternal Validity start of the study Y Y Y v
5 Bllnclilr?ng of the N N N N
participants
6 Bllndlng of the N N N N
therapists
7 Blinding of the N v N N
Max=8) assessment
(Max= 8 Analysis of 86% of
Y Y Y Y
the sample
9 Analysis of the v v Y v
treatment goal
Interpretation of the 10 Comparison
Y Y Y Y
outcomes between groups
11 Measures of
(Max=2) central and dispersion Y Y Y Y
trend
Total of scores
- 7 9 7 7
(Max = 11)

Caption: Y = yes; N = no; Max = maximum
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Experimental Control

Heterogeneity: Tau® = 0; Chi° = 0.85, df = 1 (P = 0.36); I° = 0%
Test for overall effect: P < 0.01

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C
Carnaby-Mann, 2011 475125 20 375125 20 466% 1.00[0.23,1.77] ——
Kotz, 2012 650 060 13 500119 13 534% 150[0.78,222] +
Total (95% Cl) 33 33 100.0% 1.27[0.74,1.80] e —

Mean Difference Mean Difference

I I I 1

2 -1 0 1 2
Favours Control  Favours Intervention

Figure 1. Meta-analysis of the prophylactic effect on the progression of dysphagia in patients with cancer of the head and neck subjected to
antineoplastic treatment. The degree of dysphagia was assessed through the FOIS scale in both studies with a similar period of comparison — 6

weeks (10) and 3 months (20) — to reduce the gap between the studies

interpreted according to the most recent guidelines (Cochrane
Handbook, version 6.0)®. Heterogeneity is classified based on
the ° values as follows: up to 40% is a trivial effect, from 30 to
60% is moderate, from 50 to 90% is substantial, and from 75%
to 100% is considerable heterogeneity.

RESULTS

Our search strategy resulted in 312 studies (Figure 2). Four
studies remained after the exclusion of repetitions (62), reading
of titles, abstracts (236), and full texts (10), meeting all inclusion
criteria and considered eligible for the review. Out of these, only
two were finally included in the quantitative analysis.

The sample included 165 volunteers (Table 1), predominantly
males (85%). There was a loss of tracking of 34% over the
period ranging from the randomization start to the end of the
follow-up, which occurred from 6 weeks to 24 months!1:1820,

The distribution of the participant’s age (57.6 + 8.2 years old)
was close to the usual occurrence of HNC in the age group of
60-75 years'®, This is important information since RT-induced
dysphagia tends to be more severe, and sometimes chronic, in
elderly individuals®?.

Carnaby-Mann et al.!" carried out a study with volunteers
randomized in three arms, but only the “Pharyngocise” (intervention)
and usual care (control) groups were considered in the analysis.
Messing et al.!'®, Mortensen et al."?, and Kotz et al.?” distributed
their volunteers into only two arms (intervention and control).
Three studies1320 applied scales for the assessment of oral
intake, and two tests!'®1® used videofluoroscopy.

All patients were treated with conventional RT!:1820 or
intensity-modulated RT (IMRT)!11819, The IMRT is known to
preserve the regions close to the tumor, reducing the radiation
effects on the stomatognathic functions®. Radio-induced
fibrosis is one of the main undesirable effects of RT and can
become chronic in the absence of early intervention. In addition,
throughout the RT treatment, the irradiated muscle is modified
regarding the distribution of type of fiber, and the predominance
is altered to type-I muscle fibers, which lowers the speed of
contraction and may slow the swallowing movement and delay
the pharyngeal response, which, combined, worsen the risk of
aspiration®,

In addition to the muscle alterations, depending on the
irradiated region, RT may promote different degrees of alteration
in sensitivity, taste, salivary flow, and laryngeal swelling®®. Either
individually or combined, these effects affect the swallowing
process leading to significant systemic repercussions that can
negatively influence the adherence to the cancer treatment®”,
which, in turn, requires the deployment of multidisciplinary
prophylactic interventions®@®2?),

The intervention protocols of the studies included herein
are composed of different techniques of exercises and
associated swallowing maneuvers, mostly an adaptation of
food consistency. For the volunteers in the control group,
the usual care implemented in the patient care routines was
preserved by the speech therapy service of the hospital: diet
supervision and safe nutrition (positioning, volume control,
control of pace of supply, instrument adaptation, among
others), individualized dietary counseling'”, and reference
to a specialized speech therapist to assess the swallowing
and treatment of dysphagic symptoms if persisting after the
treatment completion®?,

We found no significant change in the nutritional state
between the groups by the end of the interventions (Table 2).
Such results demonstrate that, in general, dysphagia preventive
measures exert no relevant impact on the nutritional state, most
likely because, at the early phase of the cancer treatment for
HNC, dysphagia is still very incipient for most patients®?.
Still, perhaps because at this phase of the treatment, the strong
catabolic predominance affects all patients indiscriminately
regardless of any stomatognathic alterations that can appear
early. In contrast, the finding of equivalent nutritional conditions
reveals, indirectly, that nutritional care is extremely relevant for
the maintenance of functional capacity.

Even so, the mean difference between the groups by the end of
the third month of tracking, assessed through the random effect,
reveals that the prophylactic measures significantly increase the
FOIS (Functional Oral Intake Scale) score, indicating that the
intervention affected the oral intake. The values of mean weighted
difference and effect size were 1.27 [IC95%: 0.74 to 1.80]
and 3.17 (Cohen D), respectively, in favor of the intervention.
However, despite such an expressive effect size, it is worth
highlighting that this analysis counted only 33 volunteers in
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)

=
.g Records identified on the selected Records added identified through
it data bases other sources
=
S (n=312) (n=0)
5
=
\ A A A
pra— Total of records analyzed
(n=312)
- Removed due to
=] > je
B b repetition
K (n=62)
& Assessment based on title
and abstract
(n = 250)
> Excluded
r (n=236)
Assessment based on full
2 text
] (n=14) Papers excluded (n = 10)
%n Non-randomized tests (n = 3)
e .
L Lack of the outcome of interest
Absence of the outcome of interest
(S Studies included in the (h=7)
systematic review
M) (n=4)
c
o
w
2 Studies included in the
= quantitative synthesis (meta-
analysis)
(n=2)

Figure 2. Diagram with the recommendations of the Prisma protocol. Source: Flow Diagram (Prisma 2009)"

Table 1. Characteristics of the studies included

ANTINEOPLASTIC INTERVENTION
AUTHOR/YEAR  SAMPLE  AGE (mean) TREATMENT RT PERIOD IG x CG FREQUENCY  DURATION
Carnaby- 40 56.5 RT + QT Conventional ~ Throughout Exercises x 2x/day 45 minutes /
Mann et al.(™ (45%) the 4 Usual Care session
(201G and IMRT (55%) cycles of
20 CG) antineoplastic
e
Messing et al.®® 60 57.5 RT + QT Conventional*  During the Exercises x 2x/day 20-30
(301G and and IMRT*  CRT (Except Stretching 7 days/week minutes /
the interval session
30 CG) K on th
week on the
90%/M 4t week)
and up to 3
months after
the CRT
Mortensen et al.® 39 58 RT + QT Conventional*  Start before Exercises x 3x/day 10-15
(191G and and IMRT*  theRTupto  Usual Care 7 gays/week minut'es/
20 CG) 11 months session
87%/M
Kotz et al.?? 26 59 RT + QT Conventional ? Exercises x 3x/day ?
(131G and Usual Care 7 days/week
13 CG)
77%/M

Caption: IG: intervention group; CG: control group; *no detailed information regarding the number of individuals; ?: No information in the study; RT: radiotherapy;
QT: chemotherapy; IMRT: intensity-modulated radiation therapy; CRT: chemotherapy + radiotherapy.
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Table 2. Effect of the prophylactic exercises on swallowing

SWALLOWING NUTRITIONAL
AUTHOR/YEAR IG PROTOCOL CG PROTOCOL FUNCTION ORAL INTAKE VAA STATE
Carnaby- Falsetto, Usual Care * All groups showed  The FOIS score  Lower ADV index There was
Mann et al.(" swallowing a deterioration decreased during inthe IG
with effort,

tongue counter-
resistance, and
therabite

Adaptation of diet
consistency

Messing et al.(® Therabite

+

Exercises of
strength/ oromotor
stretching and
swallowing
maneuvers
Exercises of
movement
amplitude and
resistance

Mortensen et al.("

Kotz et al.?? Swallowing

with effort,
tongue mobility,

supraglottic
maneuvers, and

Mendelsohn

in the muscle
composition

Three muscles
related to the
swallowing
function
showed greater
conservation in
the IG
The relaxing time
was better in the
|G than in the CG

There was
no difference
between the

groups regarding
the predominance
of aspiration
The IG presented
greater efficacy in
swallowing three
months after the
treatment with
less impairment of
the PP and TPT

07/07/2007
(7 stretching
exercises passive
of movement
amplitude, with
7 repetitions, 7
times a day)

Usual Care * There was

no difference
between the
groups regarding
the swallowing
function

Most of the
participants
(81/39) developed
severe dysphagia
over the treatment
There was
no difference
between
the groups
immediately after

the treatment.

Usual Care *

The I1G showed
a significant

the treatment
in both groups,
indicating a

no difference
between groups

greater impairment

of the swallowing
function

The IG showed
a higher FOIS
median after
the treatment,
indicating a
potential benefit of
the intervention
The lower degree
of dysphagia
in the IG,
with greater
maintenance of
the oral nutrition
and mouth
opening

60.6% of the
patients needed
to change their
diet consistency

throughout
the treatment,

with some
improvement
6 months after
the end of the

There was no significant difference
between the groups regarding the use
of an alternative route for the diet,
mucositis, pain, or weight

treatment
? There was There was
no difference no difference
between the between the
groups over the 11 groups
months of tracking
There was There was ?

no difference
between the

groups (qualitative
analysis through

the LQQ)

difference in the

FOIS in the 3¢
and 6" months of

follow-up

no difference
between the
groups

The average time
for the removal

of the ADV

encompassed 3
months in both

groups

scale; ADV: alternative diet via; LQQ: life quality questionnaire.

Caption: IG: intervention group; CG: control group; ?: no detailed information; PP: pharyngeal phase; TPT: time of pharyngeal transit; FOIS: functional oral intake
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each arm (intervention/control). The low sampling number
and the inclusion of only two studies do not invalidate the
analysis but imply some caution at the moment of interpreting
and transposing the results to daily clinical practice. It is also
worth emphasizing the low heterogeneity among the studies
(Figure 1); however, even so, the probability of swallowing
exercises affecting the progression of dysphagia during RT
must be more largely studied.

According to Starmer (2014)CY, evidence suggests that
maintaining oral nutrition and practicing swallowing exercises
throughout the cancer treatment have a positive impact both
on diet consistency and the swallowing physiology, quality of
life, and reduction in the use of alternative nutrition routines.
Apparently, swallowing exercises reduce the impairment by
radio-induced fibrosis, preserving the function of the muscles
involved in the stomatognathic functions and contributing
to preserving the capacities of mouth opening, chewing, and
swallowing food®".

Atrophy by disuse emerges early and manifests as greater
fatigue, and lower strength, in addition to damaged amplitude
of movements and motor control®!''?, The severity of such
an impairment can be closely linked to the early interruption
of oral nutrition since the maintenance of this via (or training
involving swallowing) provides a lower impact on the muscle
involved and increases the possibility of recovery of the muscle
homeostasis after the treatment®!.

De Felice et al.®? reinforce the importance of multi-
professional actions in the clinical decision-making process
to ensure the referring to early patient care. Knowing the
complications resulting from the HNC treatment is fundamental
to anticipating the intervention of speech therapy since it allows,
to some extent, minimizing the harmful effects caused by the
antineoplastic treatment on swallowing®?. The data of this meta-
analysis reinforce such a recommendation and can contribute
to the progress of multi-professional patient care qualification
in this clinical scenario®?.

The preventive measures adopted to prevent the progression
of dysphagia throughout the HNC treatment impose the patients
with a series of indispensable physical and behavioral adaptations
to face the clinical condition involved. Therefore, the multi-
professional team has an important role when assessing and
identifying the symptoms inherent to the treatment by planning
and reinforcing the stimuli of adherence to actions aimed at the
care entirety®+3,

Despite the prophylactic intervention has been suggested
to benefit swallowing through exercises, it is not possible to
state that all patients will preserve or recover their swallowing
functionality. It is expected that at least one in 2.15 patients
reaches positive results (NNT 2.15) in the effect size analysis.

There was an 81% probability of superiority in the FOIS
for the volunteers who practiced the swallowing exercises.
In general, the FOIS values for 89% of the volunteers in the
intervention group were higher than the mean of the control
group. Even so, the limitations of sample size, high loss
percentage, discrepancy among the therapeutical programs, and
low adherence to the exercises are, according to Lazarus et al.
@9 important confounding factors for the analysis of results.

In turn, such results cannot be assumed as definitive, but rather
partial data given the limitations described.

Apparently, adherent patients have greater chances of
achieving benefits that are closer to the superior values of
the confidence interval. Thereby, it is reasonable to assume
that prophylactic exercises should be encouraged as much
as possible since there was no report of undesirable effects
or events that could have compromised the RT continuity.
These results must be considered with caution, but at the same
time, should stimulate further studies. However, we found
no evidence indicating any benefit to the patients allocated
in the control groups. Thus, the low risk involved in the
swallowing exercises and the good probability of benefits
justify the prophylactic use of such techniques to manage and
control the progression of dysphagia associated with HNC.
In addition, other important outcomes should be studied,
such as pain (in the orofacial, pharyngeal, and laryngeal
regions), and the effectiveness of cough; in addition, other
protection maneuvers of lower airways should be included
in further studies®®.

Even though this review is focused on the analysis of the
prophylactic effect of swallowing exercise protocols on the
progression of dysphagia, it is worth highlighting the valuable
contribution of other associated techniques. Laser therapy, for
example, is indicated to prevent or treat mucositis and can
improve the swallowing pattern by reducing odynophagia
during nutrition®”. Likewise, there is some evidence that
electrostimulation, in association with exercises, favors
the maintenance of muscle function, conservation, and/or
recovery of the salivary flow, in addition to reducing laryngeal
swelling®8-40),

It is still not possible to determine the ideal moment to start
the prophylactic intervention or the most efficient therapeutic
strategies. Further studies should clarify issues concerning the
number of sessions, weekly frequency, intervention duration,
types of exercises, muscle overload intensity, number of
repetitions/series, and other components that constitute a
complete recovery program. So far, it is known that a certain
benefit is provided, which justifies further efforts to enlarge
and deepen the evidence.

The main risks of bias assessed based on the Pedro scale!”
refer to the blinding of the evaluators, blinding of the participants,
and absence of information concerning the protocols used in the
clinical practice (Chart 1). However, the blinding of this type
of intervention (active swallowing exercises) is certainly very
unlikely, especially in the context of such different therapeutic
proposals (usual care versus therapeutic exercises). The low number
of studies and sampling limited the analyses of the effect size,
invalidating the study of subgroups and correlation. Combined
with such limitations, the strength of the evidence is weakened.

The quality of evidence (based on the GRADE system)
summarizes the evaluations performed for the body of evidence
present in the meta-analysis and the narrative description of
the systematic review. The quality of evidence was evaluated
as low due to the risk of bias in the individual studies and the
issues related to the imprecision of results. Chart 2 presents the
justifications for each evaluation in detail.
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Chart 2. List of findings of the studies included in this review systematic

Population: patients com cancer of the head and neck

Context: outpatient

Intervention: prophylactic swallowing exercises

Comparison: usual care

N° of participants . . .
o s Statistical Effect size Quality of )
Outcomes ana!sytiz?e(sl\)l of Studies included heterogeneity () (IC95%) evidence (GRADE) Interpretation
Functional Oral MWD Evidence of low
Intake Scale 33 (2 (1120 0% quality suggests
(FOIS)? 1.27(0.74 10 1.80) that prophylactic
swallowing
exercises
Progression Two studies ©eO0O Lowe decxreasle the
of Dysphagia 11.18-20) demonstrate roaression
assessed based 165 (4) NA benefits and two Opf d)g/sphallgia
on the FOIS® absence of effect according to the
FOIS

2Assessment of the quality of evidence only for the studies included in the meta-analysis‘'?%; PAssessment of the quality of evidence for all studies included in the
review systematic:'®29 in narrative synthesis, according to recommendations®’; The GRADE approach to assessing the quality of evidence; °Scaled to low on a
risk level of bias in the individual studies due to the absence of masking for a subjective outcome evaluation; “Scaled to low on an imprecision level due to the large
1C95%. Two studies reported favorable results of the intervention, while the other two reported nullity, mostly likely the low statistical power due to the small number
of participants analyzed. In addition, the total number of patients included in all four studies was below 200, generating doubts regarding the reliability of the results
in terms of statistical accuracy considering the Optimum Size of the Information“? Caption: NA: Not Applicable. Means represent the post-treatment value of each
group; MWD = represents the difference between the groups in the post-treatment means; IC95%, = confidence interval of 95%; FOIS: functional oral intake scale.

CONCLUSION

Based on the evidence presented, it is reasonable to assume
that patients with HNC can experience some positive effects on
oral intake through prophylactic swallowing exercises compared
with those who are not subjected to this therapeutic measure
throughout radiotherapy. However, the low quality of evidence
and the limited details on the actions implemented in the patient
care protocols justify further studies.

REFERENCES

1. Hutcheson KA, Lewin JS, Barringer DA, Lisec A, Gunn GB, Moore
MW, et al. Late dysphagia after radiotherapy-based treatment of head
and neck cancer. Cancer. 2012;118(23):5793-9. http://dx.doi.org/10.1002/
cner.27631. PMid:23640737.

2. Garcia-Peris P, Parén L, Velasco C, de la Cuerda C, Camblor M, Breton
I, et al. Long-term prevalence of oropharyngeal dysphagia in head and neck
cancer patients: impact on quality of life. Clin Nutr. 2007;26(6):710-7.
http://dx.doi.org/10.1016/j.cInu.2007.08.006. PMid:17954003.

3. Yifru TA, Kisa S, Dinegde NG, Atnafu NT. Dysphagia and its impact on
the quality of life of head and neck cancer patients: institution-based cross-
sectional study. BMC Res Notes. 2021;14(1):11. http://dx.doi.org/10.1186/
$13104-020-05440-4. PMid:33413623.

4. Zebralla V, Wichmann G, Pirlich M, Hammermiiller C, Berger T,
Zimmermann K, et al. Dysphagia, voice problems, and pain in head and
neck cancer patients. Eur Arch Otorhinolaryngol. 2021;278(10):3985-94.
http://dx.doi.org/10.1007/s00405-020-06584-6. PMid:33452920.

5. Jurdana M, Cemazar M, Pegan K, Mars T. Effect of ionizing radiation on
human skeletal muscle precursor cells. Radiol Oncol. 2013;47(4):376-81.
http://dx.doi.org/10.2478/raon-2013-0058. PMid:24294183.

6. Clark BC. In vivo alterations in skeletal muscle form and function after
disuse atrophy. Med Sci Sports Exerc. 2009;41(10):1869-75. http://dx.doi.
org/10.1249/MSS.0b013e3181a645a6. PMid:19727027.

7. Pezdirec M, Strojan P, Boltezar [H. Swallowing disorders after treatment
for head and neck cancer. Radiol Oncol. 2019;53(2):225-30. http://dx.doi.
org/10.2478/raon-2019-0028. PMid:31194691.

Beuren et al. CoDAS 2023;35(2):¢20210246 DOI: 10.1590/2317-1782/20232021246en

10.

11.

12.

14.

15.

16.

Langmore S, Krisciunas GP, Miloro KV, Evans SR, Cheng DM. Does
PEG use cause dysphagia in head and neck cancer patients? Dysphagia.
2012;27(2):251-9. http://dx.doi.org/10.1007/s00455-011-9360-2.
PMid:21850606.

Bojaxhiu B, Shrestha BK, Luterbacher P, Elicin O, Shelan M, MacPherson
AJS, etal. Unplanned hospitalizations in patients with locoregionally advanced
head and neck cancer treated with (chemo)radiotherapy with and without
prophylactic percutaneous endoscopic gastrostomy. Radiat Oncol. 2020;15(1):281.
http://dx.doi.org/10.1186/s13014-020-01727-9. PMid:33317602.

Hutcheson KA, Bhayani MK, Beadle BM, Gold KA, Shinn EH, Lai
SY, et al. Eat and exercise during radiotherapy or chemoradiotherapy for
pharyngeal cancers: use it or lose it. JAMA Otolaryngol Head Neck Surg.
2013;139(11):1127-34. http://dx.doi.org/10.1001/jamaoto.2013.4715.
PMid:24051544.

Carnaby-Mann G, Crary MA, Schmalfuss I, Amdur R. “Pharyngocise”:
randomized controlled trial of preventative exercises to maintain muscle
structure and swallowing function during head-and-neck chemoradiotherapy.
Int J Radiat Oncol Biol Phys. 2012;83(1):210-9. http://dx.doi.org/10.1016/j.
ijrobp.2011.06.1954. PMid:22014959.

Kristensen MB, Isenring E, Brown B. Nutrition and swallowing therapy
strategies for patients with head and neck cancer. Nutrition. 2020;69:110548.
http://dx.doi.org/10.1016/j.nut.2019.06.028. PMid:31563019.

. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.

The Cochrane Collaboration’s tool for assessing risk of bias in randomized
trials. BMJ. 2011;343(2):d5928. http://dx.doi.org/10.1136/bm;j.d5928.
PMid:22008217.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche P, Toannidis
JPA, et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: explanation
and elaboration. PLoS Med. 2009;6(7):¢1000100. http://dx.doi.org/10.1371/
journal.pmed.1000100. PMid:19621070.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol.
2005;5(1):13. http://dx.doi.org/10.1186/1471-2288-5-13. PMid:15840177.

Baudelet M, van den Steen L, Tomassen P, Bonte K, Deron P, Huvenne
W, et al. Very late xerostomia, dysphagia, and neck fibrosis after head
and neck radiotherapy. Head Neck. 2019;41(10):3594-603. http://dx.doi.
org/10.1002/hed.25880. PMid:31329343.

8/10


https://doi.org/10.1002/cncr.27631
https://doi.org/10.1002/cncr.27631
https://pubmed.ncbi.nlm.nih.gov/23640737
https://doi.org/10.1016/j.clnu.2007.08.006
https://pubmed.ncbi.nlm.nih.gov/17954003
https://doi.org/10.1186/s13104-020-05440-4
https://doi.org/10.1186/s13104-020-05440-4
https://pubmed.ncbi.nlm.nih.gov/33413623
https://doi.org/10.1007/s00405-020-06584-6
https://pubmed.ncbi.nlm.nih.gov/33452920
https://doi.org/10.2478/raon-2013-0058
https://pubmed.ncbi.nlm.nih.gov/24294183
https://doi.org/10.1249/MSS.0b013e3181a645a6
https://doi.org/10.1249/MSS.0b013e3181a645a6
https://pubmed.ncbi.nlm.nih.gov/19727027
https://doi.org/10.2478/raon-2019-0028
https://doi.org/10.2478/raon-2019-0028
https://pubmed.ncbi.nlm.nih.gov/31194691
https://doi.org/10.1007/s00455-011-9360-2
https://pubmed.ncbi.nlm.nih.gov/21850606
https://pubmed.ncbi.nlm.nih.gov/21850606
https://doi.org/10.1186/s13014-020-01727-9
https://pubmed.ncbi.nlm.nih.gov/33317602
https://doi.org/10.1001/jamaoto.2013.4715
https://pubmed.ncbi.nlm.nih.gov/24051544
https://pubmed.ncbi.nlm.nih.gov/24051544
https://doi.org/10.1016/j.ijrobp.2011.06.1954
https://doi.org/10.1016/j.ijrobp.2011.06.1954
https://pubmed.ncbi.nlm.nih.gov/22014959
https://doi.org/10.1016/j.nut.2019.06.028
https://pubmed.ncbi.nlm.nih.gov/31563019
https://doi.org/10.1136/bmj.d5928
https://pubmed.ncbi.nlm.nih.gov/22008217
https://pubmed.ncbi.nlm.nih.gov/22008217
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://pubmed.ncbi.nlm.nih.gov/19621070
https://doi.org/10.1186/1471-2288-5-13
https://pubmed.ncbi.nlm.nih.gov/15840177
https://doi.org/10.1002/hed.25880
https://doi.org/10.1002/hed.25880
https://pubmed.ncbi.nlm.nih.gov/31329343

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Beuren et al. CoDAS 2023;35(2):¢20210246 DOI: 10.1590/2317-1782/20232021246en

Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability
of the PEDro Scale for rating quality of randomized controlled trials.
Phys Ther. 2003;83(8):713-21. http://dx.doi.org/10.1093/ptj/83.8.713.
PMid:12882612.

Messing BP, Ward EC, Lazarus CL, Kim M, Zhou X, Silinonte J, et al.
Prophylactic swallow therapy for patients with head and neck cancer undergoing
chemoradiotherapy: a randomized trial. Dysphagia. 2017;32(4):487-500.
http://dx.doi.org/10.1007/s00455-017-9790-6. PMid:28444488.

Mortensen HR, Jensen K, Aksglade K, Lambertsen K, Eriksen E, Grau C.
Prophylactic Swallowing Exercises in Head and Neck Cancer Radiotherapy.
Dysphagia. 2015;30(3):304-14. http://dx.doi.org/10.1007/s00455-015-
9600-y. PMid:25690840.

Kotz T, Federman AD, Kao J, Milman L, Packer S, Lopez-Prieto C, et al.
Prophylactic swallowing exercises in patients with head and neck cancer
undergoing chemoradiation: a randomized trial. Arch Otolaryngol Head
Neck Surg. 2012;138(4):376-82. http://dx.doi.org/10.1001/archoto.2012.187.
PMid:22508621.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello
P, etal. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;336(7650):924-6. http://dx.doi.
org/10.1136/bm;j.39489.470347.AD. PMid:18436948.

Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind
D, et al. GRADE guidelines 6. Rating the quality of evidence-imprecision.
J Clin Epidemiol. 2011;64(12):1283-93. http://dx.doi.org/10.1016/j.
jclinepi.2011.01.012. PMid:21839614.

Anjanappa M, Corden M, Green A, Roberts D, Hoskin P, McWilliam
A, et al. Sarcopenia in cancer: risking more than muscle loss. Tech Innov
Patient Support Radiat Oncol. 2020;16:50-7. http://dx.doi.org/10.1016/j.
tipsr0.2020.10.001. PMid:33385074.

Abel E, Silander E, Nyman J, Bove M, Johansson L, Bjork-Eriksson
T, et al. Impact on quality of life of IMRT versus 3-D conformal radiation
therapy in head and neck cancer patients: a case control study. Adv Radiat
Oncol. 2017;2(3):346-53. http://dx.doi.org/10.1016/j.adro0.2017.05.002.
PMid:29114602.

King SN, Dunlap NE, Tennant PA, Pitts T. Pathophysiology of radiation-
induced dysphagia in head and neck cancer. Dysphagia. 2016;31(3):339-51.
http://dx.doi.org/10.1007/s00455-016-9710-1. PMid:27098922.

Tacovelli NA, Galaverni M, Cavallo A, Naimo S, Facchinetti N, Iotti C, et al.
Prevention and treatment of radiation-induced acute dermatitis in head and
neck cancer patients: a systematic review. Future Oncol. 2018;14(3):291-
305. http://dx.doi.org/10.2217/fon-2017-0359. PMid:29153015.

Bossi P, Ghiani M, Argenone A, Depenni R. Is pain part of a systemic
syndrome in head and neck cancer? Support Care Cancer. 2020;28(2):451-
9. http://dx.doi.org/10.1007/s00520-019-05147-8. PMid:31713692.

Lakshmaiah KC, Sirsath NT, Subramanyam JR, Govind BK, Lokanatha D,
Shenoy AM. Aspiration in head and neck cancer patients: a single centre
experience of clinical profile, bacterial isolates and antibiotic sensitivity
pattern. Indian J Otolaryngol Head Neck Surg. 2013;65(1, Suppl. 1):144-9.
http://dx.doi.org/10.1007/s12070-013-0645-7. PMid:24427632.

Xu B, Boero 1J, Hwang L, Le QT, Moiseenko V, Sanghvi PR, et al.
Aspiration pneumonia after concurrent chemoradiotherapy for head and
neck cancer. Cancer. 2015;121(8):1303-11. http://dx.doi.org/10.1002/
cncr.29207. PMid:25537836.

Hashida N, Shamoto H, Maeda K, Wakabayashi H, Suzuki M, Fujii T.
Rehabilitation and nutritional support for sarcopenic dysphagia and tongue
atrophy after glossectomy: A case report. Nutrition. 2017;35:128-31. http:/
dx.doi.org/10.1016/j.nut.2016.11.003. PMid:28241980.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Starmer HM. Dysphagia in head and neck cancer: prevention and treatment.
Curr Opin Otolaryngol Head Neck Surg. 2014;22(3):195-200. http://dx.doi.
org/10.1097/M00.0000000000000044. PMid:24614062.

De Felice F, Tombolini V, Vincentiis M, Magliulo G, Greco A, Valentini
V, et al. Multidisciplinary team in head and neck cancer: a management
model. Med Oncol. 2019;36(1):2. http://dx.doi.org/10.1007/s12032-018-
1227-z. PMid:30426243.

Clarke P, Radford K, Coffey M, Stewart M. Speech and swallow rehabilitation
in head and neck cancer: United Kingdom National Multidisciplinary
Guidelines. J Laryngol Otol. 2016;130(S2):S176-80. http://dx.doi.
org/10.1017/S0022215116000608. PMid:27841134.

Messing BP, Ward EC, Lazarus C, Ryniak K, Kim M, Silinonte J, et al.
Establishing a multidisciplinary head and neck clinical pathway: an
implementation evaluation and audit of dysphagia-related services and
outcomes. Dysphagia. 2019;34(1):89-104. http://dx.doi.org/10.1007/
500455-018-9917-4. PMid:29922848.

Taberna M, Gil Moncayo F, Jane-Salas E, Antonio M, Arribas L, Vilajosana
E, et al. The Multidisciplinary Team (MDT) approach and quality of care.
Front Oncol. 2020;10:85. http://dx.doi.org/10.3389/fonc.2020.00085.
PMid:32266126.

Lazarus CL, Husaini H, Falciglia D, DeLacure M, Branski RC, Kraus
D, et al. Effects of exercise on swallowing and tongue strength in patients
with oral and oropharyngeal cancer treated with primary radiotherapy with
or without chemotherapy. Int J Oral Maxillofac Implants. 2014;43(5):523-
30. http://dx.doi.org/10.1016/j.ijom.2013.10.023. PMid:24332586.

Gautam AP, Fernandes DJ, Vidyasagar MS, Maiya AG, Vadhiraja BM.
Low level laser therapy for concurrent chemoradiotherapy induced oral
mucositis in head and neck cancer patients - a triple blinded randomized
controlled trial. Radiother Oncol. 2012;104(3):349-54. http://dx.doi.
org/10.1016/j.radonc.2012.06.011. PMid:22884841.

Paim ED, Berbert MCB, Zanella VG, Martins VB, Macagnan FE. Effects
of transcutaneous electrical nerve stimulation on the salivary flow of patients
with hyposalivation induced by radiotherapy in the head and neck region:
a randomised clinical trial. J Oral Rehabil. 2019;46(12):1142-50. http://
dx.doi.org/10.1111/joor.12851. PMid:31251407.

Peng G, Masood K, Gantz O, Sinha U. Neuromuscular electrical stimulation
improves radiation-induced fibrosis through Tgf-B1/MyoD homeostasis
in head and neck cancer. J Surg Oncol. 2016;114(1):27-31. http://dx.doi.
org/10.1002/js0.24265. PMid:27144672.

Law T, Lee KY, Wong RW, Leung Y, Ku PK, Wong EW, et al. Effects of
electrical stimulation on vocal functions in patients with nasopharyngeal
carcinoma. Laryngoscope. 2017;127(5):1119-24. http://dx.doi.org/10.1002/
lary.26243. PMid:27859286.

Murad MH, Mustafa RA, Schiinemann HJ, Sultan S, Santesso N. Rating
the certainty in evidence in the absence of a single estimate of effect. Evid
Based Med. 2017;22(3):85-7. http://dx.doi.org/10.1136/ebmed-2017-110668.
PMid:28320705.

Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind
D, et al. GRADE guidelines 6. Rating the quality of evidence--imprecision.
J Clin Epidemiol. 2011;64(12):1283-93. http://dx.doi.org/10.1016/j.
jelinepi.2011.01.012. PMid:21839614.

Author contributions

AGB and NSF selected the studies according to the inclusion criteria and
described the results; EDP, FEM and VBM analyzed the risk of bias and
assessed the quality of evidence.

9/10


https://doi.org/10.1093/ptj/83.8.713
https://pubmed.ncbi.nlm.nih.gov/12882612
https://pubmed.ncbi.nlm.nih.gov/12882612
https://doi.org/10.1007/s00455-017-9790-6
https://pubmed.ncbi.nlm.nih.gov/28444488
https://doi.org/10.1007/s00455-015-9600-y
https://doi.org/10.1007/s00455-015-9600-y
https://pubmed.ncbi.nlm.nih.gov/25690840
https://doi.org/10.1001/archoto.2012.187
https://pubmed.ncbi.nlm.nih.gov/22508621
https://pubmed.ncbi.nlm.nih.gov/22508621
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://pubmed.ncbi.nlm.nih.gov/18436948
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://pubmed.ncbi.nlm.nih.gov/21839614
https://doi.org/10.1016/j.tipsro.2020.10.001
https://doi.org/10.1016/j.tipsro.2020.10.001
https://pubmed.ncbi.nlm.nih.gov/33385074
https://doi.org/10.1016/j.adro.2017.05.002
https://pubmed.ncbi.nlm.nih.gov/29114602
https://pubmed.ncbi.nlm.nih.gov/29114602
https://doi.org/10.1007/s00455-016-9710-1
https://pubmed.ncbi.nlm.nih.gov/27098922
https://doi.org/10.2217/fon-2017-0359
https://pubmed.ncbi.nlm.nih.gov/29153015
https://doi.org/10.1007/s00520-019-05147-8
https://pubmed.ncbi.nlm.nih.gov/31713692
https://doi.org/10.1007/s12070-013-0645-7
https://pubmed.ncbi.nlm.nih.gov/24427632
https://doi.org/10.1002/cncr.29207
https://doi.org/10.1002/cncr.29207
https://pubmed.ncbi.nlm.nih.gov/25537836
https://doi.org/10.1016/j.nut.2016.11.003
https://doi.org/10.1016/j.nut.2016.11.003
https://pubmed.ncbi.nlm.nih.gov/28241980
https://doi.org/10.1097/MOO.0000000000000044
https://doi.org/10.1097/MOO.0000000000000044
https://pubmed.ncbi.nlm.nih.gov/24614062
https://doi.org/10.1007/s12032-018-1227-z
https://doi.org/10.1007/s12032-018-1227-z
https://pubmed.ncbi.nlm.nih.gov/30426243
https://doi.org/10.1017/S0022215116000608
https://doi.org/10.1017/S0022215116000608
https://pubmed.ncbi.nlm.nih.gov/27841134
https://doi.org/10.1007/s00455-018-9917-4
https://doi.org/10.1007/s00455-018-9917-4
https://pubmed.ncbi.nlm.nih.gov/29922848
https://doi.org/10.3389/fonc.2020.00085
https://pubmed.ncbi.nlm.nih.gov/32266126
https://pubmed.ncbi.nlm.nih.gov/32266126
https://doi.org/10.1016/j.ijom.2013.10.023
https://pubmed.ncbi.nlm.nih.gov/24332586
https://doi.org/10.1016/j.radonc.2012.06.011
https://doi.org/10.1016/j.radonc.2012.06.011
https://pubmed.ncbi.nlm.nih.gov/22884841
https://doi.org/10.1111/joor.12851
https://doi.org/10.1111/joor.12851
https://pubmed.ncbi.nlm.nih.gov/31251407
https://doi.org/10.1002/jso.24265
https://doi.org/10.1002/jso.24265
https://pubmed.ncbi.nlm.nih.gov/27144672
https://doi.org/10.1002/lary.26243
https://doi.org/10.1002/lary.26243
https://pubmed.ncbi.nlm.nih.gov/27859286
https://doi.org/10.1136/ebmed-2017-110668
https://pubmed.ncbi.nlm.nih.gov/28320705
https://pubmed.ncbi.nlm.nih.gov/28320705
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://pubmed.ncbi.nlm.nih.gov/21839614

SUPPLEMENTARY MATERIAL

Supplementary material accompanies this paper.

Caption S1. Preventive measures for the progression of dysphagia in patients with cancer of head and neck subjected to
radiotherapy: A systematic review with meta-analysis.

This material is available as part of the online article from: https://www.scielo.br/j/codas




