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Respiratory muscle training reduces painful
swallowing and opioid use during radiation
therapy for head and neck cancer: a matched
pair analysis
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Abstract

Background Patients with head and neck cancer (HNC) receiving radiation therapy (RT) are at increased risk for
symptoms of oral mucositis (OM), opioid use, and declines in physical function, outcomes that contribute to increased
morbidity and mortality. The study objective was to determine the effects of respiratory muscle training (RMT) on

OM and opioid use, as well as functional performance in patients with HNC receiving RT with or without concurrent
chemotherapy (CCRT).

Methods Patients aged > 18 years of age with stage | to IV HNC being treated with RT or CCRT receiving a home-
based respiratory muscle training (RMT) (n =20) were compared to a 5:1 matched historical group (n=100) who

did not receive RMT. RMT was delivered using the commercially available Power Lung AireStream device (Houston,
TX) via a standardized home-based inspiratory and expiratory muscle-training program requiring ~ 20-30 min/day,
five days per week, with a progressively increasing workload. Primary endpoints collected from all patients included
changes in OM symptoms and use of opioids for pain control following start of RT. Secondary outcomes collected on
RMT patients included respiratory muscle strength and functional performance (Six-Minute Walk Test, B(MWT; Short
Physical Performance Battery, SPPB). All measures were assessed before and within 1-2 weeks following a standard
7-week RT regimen.

Results RMT reduced the impact of self-reported swallowing soreness (p=0.032), eating soreness (p=0.036), and
opioid use (p=0.015). RMT maintained inspiratory muscle strength (+ 0.6+ 18 cmH20, p=0.87), expiratory muscle
strength (+0.7+12.7 cmH20, p=0.197), and improved the 6BMWT (+20+39.9 m, p=0.025), with no change in the
SPPB total score (p=0.262).
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function during cancer treatment.

nonrandomized trial with a historical control group.

Conclusions RMT is a low-cost intervention that is easy to perform among patients undergoing RT/RTCC for HNC
and is likely to reduce OM pain/symptoms and opioid, as well as to preserve respiratory muscle strength and physical

Trial registration Not applicable. This was a matched retrospective cohort study not registered as it was a

Keywords Oral, Performance, Respiratory muscle, Diaphragm, Pain, Quality of life, Exercise

Introduction

The United States is estimated to have 58,450 new
cases and 12,230 new deaths from head and neck can-
cer (HNC) in 2024, At least 60% of these patients pres-
ent with locally advanced, non-metastatic disease that is
commonly treated with radiation therapy (RT) or con-
current chemoradiation therapy (CCRT) [2]. Acute and
chronic pain during and following RT/CCRT for HNC is
prevalent with 98% of patients developing oral mucositis
(OM) [3-5], and more than 60% of these patients report-
ing severe OM pain during treatment [3-5]. Importantly,
OM is associated with hospitalization, feeding tube
placement, weight loss, and reduced functional status
[5, 6]. It is also estimated approximately half of patients
with HNC being treated with RT/CCRT require opioids
for pain control during treatment [7]. Opioid use requires
treating physicians to balance the goal of optimal pain
control with the risk of addiction and abuse. Non-phar-
macological interventions that can potentially improve
pain management and reduce opioid use, such as exer-
cise, may be beneficial in these patients [8], although
whole-body exercise programs during cancer treatment
may not be possible for all patients.

Patients with HNC are also at risk of losing lean
mass [9], changes that influence functional perfor-
mance, physical activity, swallowing, and pain [9-12].
Recently, treatment for HNC has been shown to influ-
ence inspiratory and expiratory muscle performance as
diaphragm strength, mobility, and thickness all decline
with treatment [13, 14], which can influence symptoms
(i.e., dyspnea and fatigue), cardiorespiratory fitness, and
morbidity and mortality [15]. Expiratory muscle weak-
ness also influences swallowing performance, aspira-
tion, and pneumonia risk [13, 14]. Respiratory muscle
training (RMT) programs improve respiratory muscle
strength, cardiorespiratory fitness, as well as dysphagia,
and swallowing safety in other patient populations [16—
20]. Despite the benefits of RMT, few studies have been
performed in patients with HNC during treatment. One
small study suggests that inspiratory muscle training at a
lower training resistance is feasible during CCRT, how-
ever, it could not prevent the decline in inspiratory mus-
cle strength and the six-minute walk test (6MWT) [21].
To our knowledge, no studies in patients with HNC have
reported on OM or opioid use as well as the effects of a

progressively increasing inspiratory and expiratory mus-
cle training program during RT or CCRT.

The primary objective of this study was to examine
the benefits of a home-based inspiratory and expiratory
muscle training program for patients receiving RT or
CCRT for HNC. Because maintaining muscle mass dur-
ing cancer treatment is associated with less OM pain in
HNC [22], we further hypothesize maintaining activ-
ity of the swallowing musculature, via RMT, will help to
reduce painful swallowing and translate into less need
for pain control with opioids. Secondarily, RMT during
RT/CCRT was postulated to improve functional perfor-
mance outcomes.

Methods

This study was performed under a protocol approved by
the Roswell Park Comprehensive Cancer Center Institu-
tional Review Board (IRB; study number: EDR-103707)
and conducted in accordance with the Transparent
Reporting of Evaluations with Nonrandomized Designs
(TREND) reporting guidelines [23] and the current
Declaration of Helsinki [24]. A waiver of consent was
obtained from the IRB due to the retrospective nature of
this study.

Study Population

Patients aged>18 years with a diagnosis of stage I-IV
HNC scheduled to receive RT alone or CCRT between
May 2022 and May 2023 were eligible for inclusion. After
May 2022, all HNC patients were offered the optional
home-based RMT as part of standard of care. During this
one-year period, a total 50 HNC patients were scheduled
for RT or CCRT at Roswell Park and offered the option to
receive home-based RMT by clinical staff.

Study design

This was a matched retrospective cohort study evaluating
the effects of home-based RMT on OM outcomes, opioid
use, and physical function in patients with HNC. HNC
patients who received home-based RMT as part of stan-
dard clinical care at our institution after May 2022 were
compared to similar HNC patients who did not receive
home-based RMT. In the current analysis, patients who
received home-based RMT between May 2022 to May
2023 were matched to historical patients treated at the
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same Radiation Medicine Clinic between May 2018 and
May 2022 using 5:1 matching based on age, sex, race,
clinical stage, and body mass index. Exact matching
was used for categorical variables and nearest neigh-
bor matching was used for the continuous variables.
Matching was implemented using the Matchlt package
in R [25]. The statistician performing the matching was
blinded to OM, opioid use, and functional outcomes. A
within group pre/post-design was used to examine the
effects of RMT on functional outcomes.

Clinical and demographic characteristics

As part of routine care, all patients completed a stag-
ing workup with computed tomography (CT) of the
head and neck with contrast and/or positron emission
tomography-computed tomography (PET/CT). Patients
were treated with intensity-modulated radiation ther-
apy (IMRT; 70 Gy/35 fractions to the primary tumor,
56 Gy/35 fractions to elective lymph nodes) with or
without CCRT, as previously described [26]. The most
prescribed regimen was cisplatin 100 mg/m? on days 1,
22, and 43 of radiotherapy or cisplatin 30 to 40 mg/m?>
weekly.

Prior to and during treatment, all patients received
educational materials regarding oral hygiene, and hydra-
tion. Patients were encouraged to gargle with a saline/
baking soda mouthwash rinse as many times as possible
per day (e.g., 20 times) and use a compounded elixir of
diphenhydramine, xylocaine, and antacid in a 1:1:1 ratio
4 times per day for pain. To minimize OM, home humidi-
fication and oral rinses were recommended, and gaba-
pentin was prescribed at the beginning of treatment [27].
Upon development of symptomatic OM, either doxepin
or diphenhydramine-lidocaine-antacid (DLA) mouth-
wash was initiated. When pain was no longer adequately
controlled via this regimen, alternating doses of ibupro-
fen and acetaminophen were recommended. Patients
were instructed to take 400 mg of ibuprofen and 4 h later,
take 1,000 mg of acetaminophen until the maximum
recommended daily dose of acetaminophen (3,000 mg/
day) was reached. In the last weeks of treatment, when
adequate pain relief was difficult, methadone (2 mg three
times a day) was used to supplement the above regimen.

A medical chart review was performed on all patients
referred for RMT and matched non-RMT patients to col-
lect information baseline and post-treatment information
on demographics, opioid prescriptions, treatment type,
dose, and duration, as well as body weight, height, and
body mass index (BMI m/kg?).

Hone-based RMT

Interested patients were referred to the physical therapy
clinic for implementation prior to start of RT and again
with 1-2 weeks upon completion of RT. Patients were
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given a home-based RMT program to be performed con-
currently with their 7-week RT regimen. The home-based
RMT intervention was delivered via a standardized inspi-
ratory and expiratory muscle-training program devel-
oped in our previous work [28]. Patients were instructed
to perform three sets of 15 inspiratory and expiratory
breaths per day, five days per week, beginning at a mod-
erate resistance level (5/10) based on the Modified Borg
Scale (0 to 10). Resistance was progressively increased
each week to maintain a perceived exertion level of
5-7/10 on the scale, ensuring a gradual progression
in training intensity. Training was performed with the
commercially available Power Lung AireStream device
(Houston, TX). The RMT program was administered by a
licensed physical therapist.

Primary outcomes

Self-reported oral Mucositis and Opioid Use Data from
Medical records

Patients were evaluated weekly by the Radiation Medi-
cine clinic team through physical examination and
patient-reported responses to a modified OMWQ survey
[29]. The OMWAQ is a valid and reliable survey assess-
ing patient well-being and function and includes ques-
tions assessing patients’ mouth and throat soreness and
its impact on daily functioning [29]. All questions used
a Likert-type response format. Questions assessed over-
all health and quality of life in past week (scored on a
7-point scale from Very poor to Excellent); amount of
mouth and throat soreness (2 questions, one scored on a
scale from 0 to 10 and another using a Likert scale: none,
a little, moderate, quite a lot and extreme soreness); and
how much the soreness limited activities (scored on a
5-point scale from “not limited” to “unable to do”) includ-
ing, (1) sleeping, (2) swallowing, (3) drinking, (4) eating,
and (5) talking.

Pain medications, dosages and OMWQ scores were
recorded weekly and contemporaneously in both the
electronic medical records and a departmental clinical
database.

Secondary outcomes
Functional outcomes were only measured in the RMT
group (n=24) and included the following:

Respiratory muscle strength Maximal inspiratory muscle
pressure (MIP) and maximal expiratory muscle pressure
(MEP) were measured with a handheld digital manome-
ter (Micro Respiratory Pressure Meter, CareFusion, Yorba
Linda California) according to American Thoracic Society
(ATS) guidelines [30].
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Aerobic capacity The six-minute walk test (6MWT) was
used to estimate cardiopulmonary endurance [31] and
was performed according to ATS guidelines [32].

Lower extremity strength The 30-second sit-to-stand test
(30STS) is a validated measure of lower body strength [33]
and physical functioning in patients with cancer [34, 35].
Patient were instructed to complete as many full sit-to-
stands as possible within 30 s.

The short physical performance battery (SPPB) The SPPB
is a short battery of performance tests of lower extremity
functioning (balance, gait speed, and strength) [36] and
is associated with muscle mass, risk of falls, and mortal-
ity [37]. Briefly, gait speed required patients to walk 4 m
at their usual pace. Standing balance required patients to
maintain their feet together, semi-tandem, and tandem for
10 s each. The 5 sit-to-stand (STS) tests required patients
to rise from a standard height chair five times as quickly as
possible with their arms across their chest. Scores range
from zero (worst) to 4 (best) for each test [36]. The sum
of the three SPPB components comprised the final SPPB
score (range 0 to 12). A score of 12 indicates the highest
degree of lower extremity functioning [36].

Statistical analysis

Data distributions for continuous variables were sum-
marized as medians and inter-quartile ranges (IQR). Dif-
ferences between RMT and matched non-RMT patients
were examined using Wilcoxon rank-sum tests for con-
tinuous variables and Fisher’s exact tests for categorical
variables. Change in OM pain scales were calculated by
considering measurements in week 1 of RT as the base-
line. The number of usages of opioid containing medi-
cations (i.e., Lortab, Fentanyl, Methadone, Oxycodone/
OxyContin, Venlafaxine) were converted to morphine
milligram equivalents for each patient at each week. The
time-averaged difference between the two groups in their
change from baseline in week 2 to 7 was examined using
linear mixed model with RMT as the fixed effect and
time since start of RT as the random effect. The model
fit was assessed using the restricted maximum likelihood
(REML) method as implemented in R Ime4 package. The
average trajectories in the two groups were visualized
using locally estimated scatterplot smoothing (LOESS).
All tests were two sided and p <0.05 was considered sta-
tistically significant.

Results

Of the 50 HNC patients in the Radiation Medicine
clinic between May 2022 and May 2023, during the
study period, more than half (n=38) agreed to receive
home-based RMT; but only 28 attended their physical
therapy initial evaluation (Fig. 1). The primary reason
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for declining RMT was feeling overwhelmed by exist-
ing medical appointments. Among the 28 who initiated
RMT, four withdrew after their baseline assessment, cit-
ing similar concerns. Ultimately, 24 patients completed
the home-based RMT intervention. For the oral muco-
sitis (OM) analysis, an additional four patients were
excluded due to missing OM data. At our facility, the
OMWAQ is routinely administered during treatment, but
it is unclear why these patients did not provide responses.
The 20 patients with OM data were then matched 5:1 to
a retrospective cohort of 100 HNC patients who were
also treated in the Radiation Medicine clinic and pro-
vided responses OM analysis. There were no differences
in baseline demographics between the RMT (n=20) and
the matched non-RMT (n=100) groups (Table 1). At
the completion of treatment, there were no differences
(p=0.24) in the median (IQR) loss of body weight in the
RMT [-4.9 kg (1.7, 8.8)] vs. non-RMT [-6.7 kg (3.1, 11.6)]
groups.

Effect of home-based RMT on oral mucositis

There were no differences between the RMT (n=20)
vs. matched pair non-RMT (n=100) groups in OMWQ
at baseline (Table 1). Figure 2 shows there was a consis-
tent worsening across all OM soreness scales from the
OMWQ for both groups. However, patients receiving
RMT had a significantly smaller increase in measures
of impact of OM soreness on swallowing (-0.41+0.19,
p=0.03) and eating (-0.43+0.2, p=0.04) compared to the
matched pair non-RMT patients.

Effect of home-based RMT on opioid drug use

There were no between RMT (n=20) vs. Matched Pair
(n=100) group differences in the use of opioid contain-
ing medications expressed in morphine milligram equiv-
alents at baseline (Table 1). A significant difference was
observed in the amount of morphine equivalents used
during treatment as the RMT patients were less likely to
receive prescribed opioid medications compared to the
matched non-RMT patients (-0.48 £ 0.2, p=0.01) (Fig. 2).

Secondary outcomes in RMT patients

There were no significant differences in baseline charac-
teristics between the (n=20) RMT cohort compared to
the 8 HNC patients that were referred to RMT but with-
drew or were missing OM measurements. There was only
a tendency for mean (SD) inspiratory muscle strength to
be stronger in the (n=20) RMT cohort vs. the 8 patients
that withdrew or excluded (69.7+22.2 cmH20, vs.
48.2£26.2, p=0.060). Within group changes pre- to post-
RMT are presented in Table 2.
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Fig. 1 Patient flow diagram. A total of 50 HNC patients were treated with RT or CCRT in the Radiation Medicine between May 2022 and May 2023, of
which 38 agreed to receive optional home-based RMT as part standard of care. Four patients discontinued RMT following the baseline evaluation without
providing a reason, resulting in 24 patients with both pre- and post-RMT assessments. Of these, 20 patients completed the OM symptoms scales and were
matched 5:1 to a historical non-RMT group for analysis of primary endpoints (OM symptoms and use of opioids for pain control)

Body Weight On average, the 24 patients completing the
RMT program lost body weight (-6.3+7.1 kg, p=0.0007)
and showed a decline in BMI (-1.8 + 2.0 kg/m2, p = 0.0003).

Respiratory muscle strength There was no change in mean
MIP (delta 0.6 £17.6 cmH,0, p=0.87) or MEP (0.7 £12.7
c¢cmH,0, p=0.78) at the completion of RT.

Functional performance The mean distance (SD) cov-
ered on the 6MWT (delta, 20.0£39.9 m, p=0.025), time
to complete the 5-STS (delta, -0.7+1.4 s, p=0.024) and
4-meter gait times (delta, -0.2+ 0.4 s, p=0.023) improved

from the beginning to the end of RT. However, total SPPB
scores (1.4+3.5, p=0.155) and the 30STS (-0.3 £2.5 reps,
p=0.615) did not change post-RT.

Discussion

Pain during and following treatment is common as most
HNC patients develop OM [3-5] that is associated with
opioid use and worse functional status [5, 6]. The current
study demonstrates RMT during RT or CCRT for HNC
did not influence mouth soreness ratings, however it
did reduce the impact of OM soreness on self-reported
swallowing soreness and eating soreness, as well as the
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Table 1 Patient demographics
Variable Home-Based RMT Non-RMT HNC Patients p-value'
HNC Patients
# 20 100
Age, years, Median (IQR) 60.6 (52.3,68.8) 58.7 (54.9, 66.9) 0.92
Weight, kg, Median (IQR) 95.5 (804, 104.5) 87.6(72.7,100.6) 0.50
BMI, Kg/mz, Median (IQR) 30.5(26.1,32.1) 287 (24.5,32.1) 0.50
Sex, N (%)
Male 17 (85) 85 (85) 1.0
Female 3(15) 15(15)
Race, N (%)
Black 105 5(5) 1.0
White 19 (95) 95 (95)
Stage, N (%)
| 7 (35) 35(35) 1.0
Il 7 (35) 35(35)
Il 3(15) 15(15)
vV 3915) 15915)
Site, N (%)
Larynx 7 (35) 22(22) 0.86
Lateral Neck 2 (10) 12(12)
Lip/Oral Cavity 2(10) 12(12)
Nasal Cavity/Sinus 0(0) 1(1)
Pharynx 9 (45) 51(51)
Salivary Gland 0(0) (1)
Other 0(0) 1(1)
Treatment, N (%)
CCRT 11 (55) 60 (60) 0.61
ICT+CCRT 1(5) 292)
RT 5(25) 17 (17)
Surgery CCRT 2 (10) 9(9)
Surgery RT 1(5) 12(12)
oMwQ
Overall Health 82.1(29) 81.2(15.9) 0.85
MTS 0.35(0.7) 048 (0.7) 034
Swallowing 0.20 (0.6) 0.22 (0.6) 0.63
Drinking 0.15 (0.5) 0.18 (0.6) 0.92
Eating 0.20 (0.6) 0.24(0.7) 082
Talking 0.20(0.5) 0.35(0.9) 0.62
Sleeping 0(0) 0.23 (0.6) 0.08
Overall MTS Soreness Rating 104 (18.3) 14.7 (22.4) 0.93
Opioid Use
Opioid Medications, MME 0.65 (0.5) 0.65 (0.5) 0.51

'Differences between home-based RMT and matched non-RMT patients were examined using Wilcoxon rank-sum tests for continuous variables and Fisher’s exact
tests for categorical variables. Abbreviations: OM, oral mucositis; BMI, Body mass index; CCRT, concurrent chemotherapy with radiation therapy; ICT, induction
chemotherapy; RT, Radiation therapy; OMWQ-HN, the Oral Mucositis Weekly Questionnaire-Head and Neck Cancer; MTS, Mouth and throat soreness; MME,

morphine equivalents

amount of opioid use during treatment. RMT was also
observed to maintain respiratory muscle strength and
improve functional performance at the completion of
treatment, in contrast to previous reports demonstrating
a treatment-related decline in functional performance in
the absence of RMT [38].

This may be the first study to show a relationship
between RMT with OM pain and/or opioid use in

general. The only other known rehabilitation study to
show a reduction in pain during CCRT for patients
with HNC included jaw mobility and stretching exer-
cises designed to minimize trismus-induced pain [39].
The only other reports to show a relationship between
breathing exercise with oral pain include a study in chil-
dren (n=35) using a bubble blower to reduce oral mouth
pain when performed prior to dental work [40] and a
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seven weeks were analyzed using linear mixed model. The Week 1 scores were considered as baseline. The trajectories estimated by Lowess estimator.

Data represents the estimate (SE) and p-values

case study showing virtual reality breathing exercises
reduced oral pain in a 40-year-old male who underwent
a mandibulectomy for left buccal mucosa carcinoma
[41]. The underlying mechanisms describing how RMT
or breathing exercises can reduce OM pain are not fully
understood, but may include peripheral and central
mechanisms [42]. For example, deep breathing exercises,
similar to RMT, have been shown to release edogenous
opiods, endorphins, and serotonin [42, 43]. RMT can
also reduce stress and anxiety and therefore pain sensitiv-
ity [44, 45], and potentially a reduction of pain thresholds
as seen with whole body exercise [42, 46].

Although our findings are preliminary, they are clini-
cally relevant and meaningful, as others [22] have
reported an inverse association between lean muscle
mass with acute OM pain in patients undergoing CCRT
following oral cancer resection. We hypothesize RMT
may have reduced the need for opioid pain medications
because it maintained activity of the swallowing mus-
culature [47], as opposed to a decrease in swallowing
muscle activity or size with treatment. This mechanism
is supported by work in healthy adults showing breathing
exercises including RMT, activate the submental muscles
of the jaw involved in swallowing [47]. Maintaining activ-
ity of the swallowing musculature, joints, and ligaments
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Table 2 Pre- to Post-RMT changes in the home-based RMT
Cohort. Means (SD)

1

Functional Outcomes Pre-RMT  Post-RMT Delta p-value
n=24 n=24

Weight (kg) 95.7(374) 862(287) -63(7.1) 0.0017*
BMI (kg/m2) 293(93) 272(78) -18(20) 0.0003*
MIP (cmH20) 684 (21.6) 69.2(21.1) 6(176) 087
MIP (% pred) 713(220) 719(214) 6(176) 089
MEP (cmH20) 733(21.8) 752(23.0) 7(127) 020
MEP (% pred) 634 (18.1) 65.0(19.3) 6(102) 0.77

5 x STS (sec) 92(25) 85(23) 0704  0024*
305 STS (reps) 159 4.5) 15.7(5.0) 035 062

4 m gait time (sec) 374(06) 364(0.7) -02(04) 0023*
SPPB (total points) 116(08) 11.7(08) 435 026
6MWT (m) 434 (84) 454 (88) 200(399) 0025
6MWT (% pred) 746(226) 787(159) 51(17.7) 034

Functional outcome data are presented for the n=24 patients completing the
home-based RMT program . Differences pre- to post-RMT/treatment were
examined with a paired t-tests. Abbreviations: BMI, Body mass index; MIP,
Maximal inspiratory muscle strength; MEP, maximal expiratory muscle strength;
5xSTS, 5 times sit to stand tests; 30 s STS, 30 s sit to stand test; SPPB, Short
physical Performance Battery; 6MWT, Six-minute Walk test

in the mouth and throat potentially reduces local pres-
sure pain and central sensitization [42, 48]. Impor-
tantly, improvements in swallowing and eating might be
reduced even without changes in OM pain, suggesting
tailored exercises that maintain swallowing muscle activ-
ity could be beneficial [8]. However, this is all speculative
and testing these hypothesized theories require addi-
tional investigation.

The ability to preserve inspiratory and expiratory mus-
cle strength throughout 7-weeks of RT/CCRT treatment
contrasts with others who report a decrease in respira-
tory muscle strength [13, 21]. Vira et al. [21], demon-
strated inspiratory muscle training during CCRT (n=10)
was feasible and maintained diaphragm thickness and
expiratory muscle strength, however significant declines
were seen in diaphragm mobility and strength. A case
study by D’Souza et al. [13] showed expiratory muscle
training could not prevent a decline in respiratory muscle
strength in a 60 year old male receiving CCRT for a stage
IV HNC. Potential explanations describing why respira-
tory muscle strength may not change or decline during
treatment include the lower training resistances, small
sample sizes, and pain [49], as post-treatment expiratory
muscle training, when pain is reduced, in patients with
HNC (n=26) experiencing radiation associated aspira-
tion improved expiratory muscle strength and swallow-
ing safety [50].

Patients performing RMT significantly improved
the distance covered on the 6MWT albeit the change
was below the minimal clinically important difference
of 26-30 m, the time to complete the 5 x sit-to-stand
test, and gait speed, while observing no changes in
the 30 s sit-to-stand test and total SPPB points pre- to
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post-treatment. The results of this study compared to
those reported by Samuel et al. [51], who implemented
an 11-week whole-body aerobic and resistance train-
ing program during the 7 week period, continuing for 4
additional weeks post-RT/CCRT in patients with HNC.
Samuel et al., observed a decrease in the distance cov-
ered on the 6MWT immediately following treatment
(A=-5 m), which later reversed 1-month post-treatment
(A= 36 m).In contrast, the current RMT study dem-
onstrated an improvement in the 6MW'T distance (A=
21 m) immediately post-treatment. However, these find-
ings differ from those of Vira et al., who found inspiratory
muscle training during CCRT could not prevent declines
in the 6BMWTT [21]. It is hypothesized that RMT may alle-
viate treatment-related symptoms such as dyspnea and
fatigue, potentially increasing daily activity levels [28, 52].
These align with previous studies suggesting that small
increases in daily activity (+ 1,000 steps/day) can enhance
functional capacity, and reduce frailty [53].

Limitations

The primary limitations of this study include the small
sample size of the intervention group and the retrospec-
tive study design, which lacks randomization. These
factors highlight the need for confirmation of findings
through a prospective, randomized clinical trial. Addi-
tionally, pain experienced by patients immediately post-
treatment may have affected respiratory muscle strength
testing, potentially underestimating the improvements
achieved through respiratory muscle training (RMT).
Future trials would also benefit from incorporating mea-
sures of daily physical activity, swallowing function, and
oral mucositis biomarkers to provide a more comprehen-
sive evaluation of the intervention’s impact.

Conclusion

In summary, this study suggests that RMT may be a
promising intervention during RT/CCRT to reduce swal-
lowing discomfort, opioid use, and prevent a decline in
function. This is a clinically relevant finding because
RMT may be more implementable than whole body exer-
cise, providing the justification to perform a more defini-
tive prospective, randomized clinical trial to assess the
efficacy of RMT in patients with HNC. Non-pharmaco-
logical approaches to managing pain during cancer treat-
ment may reduce risks of addiction and overdose and
reduce limitations in daily activities that reduce quality
of life. Ultimately, our findings reinforce the need for tai-
lored exercise programs to optimize physical functioning
and clinical outcomes in head and neck cancer patients.
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