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Purpose: The main aim of the trial was to assess the effectiveness of inspiratory muscle training on respiratory muscle strength,
functional capacity, fatigue, and stress in post-surgical breast cancer survivors.

Methods: Forty-seven females who had undergone unilateral post-mastectomy were randomly assigned to an intervention group (IG;
n = 24) and a control group (CG; n = 23). Both groups received aerobic exercise training. In addition, the intervention group received
inspiratory muscle training 3 days a week for 8 weeks. Maximum inspiratory and expiratory pressure (Pimax) (Pemex), 6-minute walk
test, Handgrip strength by hand-held dynamometer, Fatigue Assessment Scale (FAS), and Perceived Stress Scale pss 10 values were
measured before the training and then at the eighth week for both groups.

Results: No differences were detected between the groups in terms of sample and clinical characteristics 8 weeks post-intervention. In
favor of the intervention group, a significant difference with medium to high effect size was found in terms of Pimax, Pemax, FAS, PS,
and 6MWT (p < 0.05). However, there was no difference in terms of handgrip strength (p-value: 0.072), with a medium effect size
(0.070). Regarding within-group comparisons, IG exhibited substantial differences in all outcome measures (p < 0.05) compared to
CG, with the exception of PImax and 6MWT.

Conclusion: In post-operative breast cancer survivors, respiratory muscle training combined with aerobic training increases
respiratory muscle strength and functional ability while lowering stress and tiredness.
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Introduction
Breast cancer (BC) is a condition in which abnormal breast cells develop violently and generate tumors. If neglected,
these lesions may expand across the body and become life-threatening. Globally, it is the most often reported cancer type,
estimated at 2.3 million new cases (11.7%), and 685,000 deaths in 2020 alone, and it is expected to reach 4.4 million in
2070."% In Saudi Arabia, breast cancer has increased by 55%, accounting for 30.9% of all cancer cases among Saudi
women. The median age has risen to 51 years, with an overall increase of 6.3%.’

Treatments of BC may include chemotherapy, radiation therapy, hormone therapy, surgery, or a combination of these.
Some of the most upsetting side effects of these treatments include fatigue, difficulties sleeping, discomfort, stress,
physical problems, and decreased cardiac and pulmonary function.* The prognosis for BC patients has significantly
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improved. However, long-lasting negative physical and psychological effects are still experienced by BC survivors,
including psychosocial distress and physical dysfunction.’

Aerobic training is a beneficial treatment strategy for reducing long-term negative consequences for BC patients. It
has several positive effects, including enhanced physical ability, muscular power, and improved psychological well-
being.® Aerobic training can increase oxygen delivery and lung diffusion capacity by increasing blood volume,
hemoglobin concentration, and cardiac output. In addition, aerobic training can improve the oxidative capacity of
skeletal muscle by enhancing the size and number of mitochondrial and aerobic enzyme activity.’

There are many types of treatments for BC that can be harmful to the respiratory system.® It has been found that
breast surgery has negative consequences such as postoperative pain, circulatory and respiratory problems, muscle
weakness, and changes in cough reflexes.”

Additionally, a radical mastectomy has a negative impact on body posture, which can alter ventilatory mechanics and
impair respiratory functions. This results in decreased respiratory muscle strength, and decreased thoracic mobility.'®!!

Abbas et al conducted a retrospective cohort study to determine the long-term respiratory complications of breast
cancer oncological treatments, revealing the close relation between BC treatment modalities and respiratory complica-
tions, including pneumonitis and fibrosis.'

Respiratory physiotherapy is a set of techniques intended to prevent, treat, and stabilize cardiorespiratory disorders.'® It
is a helpful approach to preserving and enhancing functional capacity, quality of life, and post-treatment sequelae following
breast cancer care.'*'> However, there is little evidence of the benefits of adding inspiratory training into aerobic regimens
for breast cancer survivors who have undergone surgery. Thus, the purpose of this study was to assess inspiratory muscle
training’s efficacy in post-surgical breast cancer survivors. In comparison to an exercise training program offered without
inspiratory training, we hypothesized that adding inspiratory muscle training to an aerobic exercise training program would
result in larger improvements in hand grip, fatigue, stress, and respiratory muscle strength.

Materials and Methods

This study was randomized and controlled, took place between October 2023 and January 2024, following the Helsinki
Declaration principles, and was reported according to the CONSORT statement.'® The protocol was approved by the
University of Ha’il ethical committee board under no. H-2023-367. Additionally, the study protocol was registered on
clinicaltrials.gov (no: NCT06091696). A consent form was signed by all participants before joining the study, and the
participants were informed about the purpose of the study before starting the intervention.

The inclusion criteria were as follows: 1) females; 2) age range: 40—70 years old; 3) subjected to surgical treatment of
breast cancer during the last 2 to 4 weeks 4) any kind of surgical approaches were included; 5) score <2 on ECOG
(Eastern Cooperative Oncology Group); 6) completion of adjuvant chemotherapy and /or radiotherapy treatment course.

The exclusion criteria were as follows: 1) having liver and/or brain metastasis for patients with metastatic breast
cancer; 2) having any communication and psychiatric problems; 3) not willing to sign the consent form; 4) skipping 2

consecutive sessions; 5) contraindications to exercises as requested by the physician.

Sample Size

The estimation of the sample size was based on the maximum inspiratory pressure (Pimax) mean and standard deviations
retrieved from previous studies.'”'® Using G-power software (3.1.9.7; Heinrich-Heine-Universitét Dusseldorf, Dusseldorf,
Germany), 48 participants (24 per group) were deemed appropriate to achieve an effect size of 0.241 when the power was

80%, the o was 0.05, and the allocation ratio was 1:1. A total of 53 were recruited to compensate for any dropouts.

Interventions
Standard care was provided to both IG and CG, including advice, active lifestyle, and arm care. IG underwent both
inspiratory muscle training and aerobic exercise training, while CG underwent aerobic exercise only.
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Inspiratory Muscle Training

Following Gosselink et al’s study in 2011 and Han-Yu Chuang et al’s study in 2017,'%-*°

inspiratory muscle training was
performed using Threshold Inspiratory Muscle Training Respironics (Pittsburgh, PA, USA). The pressure threshold
training loading in the first week was set at 15 cmH,O, which was then gradually increased to 20 cmH,O in the second
and third weeks, then to 30 cmH,O in the fourth to the sixth week, and then increased to 40 cmH,0 in the eighth week
according to the patient’s tolerance. The training was done in a relaxed sitting position using a nose clip for 10 minutes
per session, 6 sets of 10 repetitions. The patients were directed to breathe through a mouthpiece at the desired training
workload. Each set consisted of five deep inhalations against the training device, with a brief rest period of 1-2 minutes

in between. The training was performed once per day, thrice a week for 8 weeks.*'*

Aerobic Exercise Training
Exercise training sessions under the supervision of an experienced physiotherapist were conducted for 30 min, 3 times
per week, with intensity ranging between 13 and 15 of rated perceived exertion RPE.

The first 3 to 7 days post-operative the patient is instructed to gradually exercise her affected upper limb per the
following instructions: raise her arms to shoulder height as much as she can tolerate, 3 or 4 times a day; hand squeeze 15
to 25 times; elbow flexion and extension; hand touch to the shoulder on the same side and opposite side a few times; and
practice diaphragmatic breathing exercise at least 6 times a day.”

In the second and third weeks, the patients did the following exercises with 5 to 7 repetitions: (1) wand exercise, (2)
elbow winging exercises, (3) shoulder stretch exercises, (4) shoulder squeeze exercises, (5) side bends exercises in sitting
position, (6) chest wall stretch in standing position.?*

From the fourth to the eighth week, the patients were started on the following aerobic exercise. The training session started
with a warm-up and cool-down for 10 minutes, including light aerobic and stretching activity, followed by 20 minutes of
pumping exercise for the upper limb, pendulum exercises, and shoulder shrugs and rotation (2 sets 15 repetitions).*®

Outcomes Measurement
All outcomes were assessed twice, that is, before and after the treatment. A therapist with 15 years of experience was
responsible for the initial screening of the subjects and data collection.

1. Inspiratory strength by maximal inspiratory and expiratory pressure (PImax) (Pemex)

The PImax and Pemex were assessed using a respiratory mouth pressure meter device (Micro RPM, Micro Medical Ltd,
Kent, UK).?” The assessments were performed while each patient was sitting, using a nasal clip. The patients were
instructed to forcefully breathe with their lips on the mouthpiece to avoid air leakage. The PImax and Pemex were

measured by deep inspiration and expiration through the mouthpiece starting from the residual volume.?®

2. Functional exercise capacity was evaluated by a 6-minute walk test (6MWT).

The 6MWT was validated®® and used to assess the impact of treatment and prognosis. The participants were asked to
cover as much distance as possible walking in 6 min without running. The maximum distance covered at the end of the

test was recorded.’*"!
3. Handgrip strength

Hand-grip strength of the dominant hand of the affected upper limb was assessed using the procedures performed in
a recent study>? where a Lafayette push hand-held dynamometer (model 01163, Lafayette Instrument Co., Lafayette, IN,
USA) was used to measure hand grip strength in Kg. It is a validated and reliable tool for assessing hand isometric
strength.*® The patients were made to sit in the abducted tested arm position and the elbow was at 90° of flexion. They
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were asked to squeeze the handle of the device as hard as possible and then relax. This procedure was repeated thrice
with 1-minute rest intervals. The average of the recorded readings was used for the analysis.**

4. Fatigue Assessment Scale (FAS)

The Fatigue Assessment Scale (FAS) is a 10-item validated and reliable scale used for evaluating symptoms of
chronic fatigue.> It is a self-report measure requiring 2 min for administration.*® FAS scoring was done using a five-
point Likert-type scale ranging from 1 (“never”) to 5 (“always”). Total scores can range from 10, indicating the lowest
level of fatigue, to 50, denoting the highest.*”

5. Perceived stress (Perceived Stress Scale pss 10)

It is used as a psychological tool for stress perception measurement. It is an indicator of how stressful one considers
certain circumstances in their life to be.*® PSS scores can range from 0 to 40, with higher scores indicating higher
perceived stress, scores ranging from 0 to 13 would be considered low stress, and scores ranging from 14 to 26 would be
considered moderate stress.*”

Randomization, Concealment, and Blinding

This study was a double-blinded (assessor and data analyzer) one. Coin toss randomization was used to randomly assign
women to the intervention group (IG) and control group (CG) after the baseline evaluation. The IG participants followed
both the inspiratory and aerobic exercise training protocols, while the CG received only the aerobic exercise training
protocol. During data collection, four patients (three in the IG and one in CG) discontinued the intervention for social
reasons. Patients underwent two evaluation sessions: before intervention (initial assessment) and immediately after the
8-week intervention period (final assessment).

Statistical Analysis

IBM, Armonk, New York’s SPSS for Windows (V.27) was used to evaluate all the data. A comparison of baseline and
demographic data was made between both groups. The Kolmogorov—Smirnov test was used to determine if the
acquired data were normal. The two-way repeated ANOVA was used to evaluate changes within and between groups.
The 95% confidence interval (CI) is presented with the adjusted mean differences within and between groups.
Furthermore, the effect size between the intervention and control group was calculated using partial eta squared
value; a p~<0.05 was used.

Results

Fifty-one postoperative breast cancer female patients who fulfilled the criteria were randomly allocated to the I1G and CG.
Three patients in the intervention group and one patient in the control group left the trial for non-medical reasons
(Figure 1). The mean age for IG was 47.12+4.38 and body mass index (BMI) was 25.66+2.038. For CG, the mean age
was 48.304+3.86 and BMI was 24.67+1.78. Both groups had undergone chemotherapy or radiotherapy treatment before
surgery. Chemotherapy was given to 40.4% of the patients, while radiotherapy was given to 59.6% of the patients. The
patients were exposed to different types of surgeries: radical mastectomy (23.4%), modified radical mastectomy (59.6%),
and lumpectomy (17.00%) (Table 1).

Between-group comparisons demonstrated a statistically significant difference in Pimax, Pemax, FAS, PS, and
6MWT, with medium to high effect size in favor of the intervention group. On the other hand, no statistically significant
difference was determined between the groups regarding handgrip strength (p-value: 0.072), with the effect size being
medium (0.070), as presented in Table 2.

The within-group comparisons demonstrated statistically significant differences in the intervention group regarding
all outcome measures (p values <0.05). However, in the control group, the results showed significant differences in all
measures except PImax and 6MWT (p-value: 0.070 and 0.293, respectively), with the measured values being higher in
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Figure | flow diagram.
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the 1G than the CG post-intervention (PImax: 88.79+5.45 vs 68.69+2.83; Pemax: 138.5£3.47 vs 133.2+£3.68; 6MWT:
399.66+24.38 vs 381.86+30.58; handgrip: 27.08+2.43 vs 25.73+2.57; FAS: 13.00 +2.04 vs 18.56+1.82; PS: 10.29+1.62
vs 13.13+1.32), as displayed in Table 3.

Table | Sample Characteristics

Intervention Group | Control Group | Total (n=47)
(n=24) (n=23)
Age, years 47.12+4.38 48.30+3.86 47.7+4.13
BMI, Kg/m? 25.66+2.038 24.67+1.78 25.17£1.9
Types of treatment before operation n (%)
Chemotherapy 8 (33.3%) Il (47.8%) 19 (40.4%)
Radiotherapy 16 (66.6%) 12 (52.2%) 28 (59.6%)
Types of operation n (%)
Radical mastectomy 6 (25%) 5 (21.7%) 11 (23.4%)
Modified radical mastectomy 13 (54.24%) 15 (65.21%) 28 (59.6%)
Lumpectomy 5 (20.24%) 3 (13.04%) 8 (17.02%)
(Continued)
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Table | (Continued).

Intervention Group | Control Group | Total (n=47)
(n=24) (n=23)

Affected arm (%)
Dominant 21 (87.5%) 22 (95.6%) 43 (91.5%)
Non dominant 3 (12.5%) | (4.4%) 4 (8.5%)
Education level, n(%)
High school or less 3 (12.5%) 4 (17.4%) 7 (14.9%)
College 14 (58.3%) 10 (43.5%) 24 (51.06%)
Post graduate 7 (29.16%) 9 (39.1%) 16 (34.04%)

Abbreviation: BMI|, body mass index.

Table 2 Between-Group Comparisons at Baseline and Post-Treatment

Variable Time Intervention G | Control G MD 95% CI F P np2
Mt SD Mt SD
Pimax Baseline 68.29+2.59 67.13+2.88 1.16 —0.44 2.77 2.11 0.135 0.045
Post 88.79+5.45 68.69+2.83 20.09 17.52 22.66 247.94 0.000 0.997
PeMax Baseline 130.12+4.83 128.26+5.31 1.86 —4.77 1.05 1.587 0214 0.034
Post 138.50+3.47 133.26+3.68 5.24 3.19 729 25.166 0.000 0.359
6MWT Baseline 374.45+27.57 372.60+28.39 1.84 —14.59 19.29 0.051 0.822 0.001
Post 399.66+24.38 381.86+30.58 17.79 1.58 34.01 4.88 0.032 0.098
Handgrip | Baseline 21.79+£3.20 20.34+2.34 1.44 —0.211 3.09 3.08 0.086 0.064
Post 27.08+2.43 25.73+2.57 1.34 —0.127 2.8l 3.38 0.072 0.070
FAS Baseline 24.66+2.54 23.95%2.20 0.710 —0.692 2.11 1.04 0.313 0.023
Post 13.00+2.04 18.56+1.82 5.56 —6.70 —4.42 96.48 0.000 0.682
PS Baseline 15.66x1.63 16.34+1.46 0.68 —-1.59 0.231 2.25 0.140 0.048
Post 10.29+1.62 13.13£1.32 283 =371 —-1.69 42.77 0.000 0.487

Abbreviations: Plmax, maximum inspiratory pressure; PeMax, maximum expiratory pressure; min, minute; 6MWT, 6 min walk test;FAS, Fatigue Assessment
Scale; PS, Perceived stress;; M, mean; SD, standard deviation; MD, mean difference; t, t value; Cl, confidence interval; p, significance; np2, partial eta squared.

Table 3 Within Group’s Comparisons at Baseline and Post-Treatment

Variable | Time Baseline Post MD 95% CI F P np2
Mt SD Mt SD
PImax Intervention | 68.29+2.59 88.79+5.45 20.5 —22.43 | —18.56 | 276.521 0.000 0.857
Control 67.13+2.88 68.69+2.83 1.56 —227 | -0.853 3.448 0.070 0.073
PeMax Intervention | 130.12+4.83 138.50+£3.47 8.37 —-10.75 | -6.01 47.528 0.000 0.508
Control 128.26+5.31 133.26+3.68 5.00 —7.64 | —236 13.767 0.001 0.238
(Continued)
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Table 3 (Continued).

Variable Time Baseline Post MD 95% CI F P np2
M % SD Mt SD
6MWT Intervention | 374.45+27.57 | 399.66+24.38 | —25.20 | —36.20 | —14.20 11.256 0.002 0.197
Control 372.60+28.39 | 381.86+30.58 | —9.26 | —15.00 | —3.52 1.133 0.293 0.025
Handgrip | Intervention | 21.79+£3.20 27.08+2.43 -5.29 —6.24 | —433 41.574 0.000 0.475
Control 20.34+2.34 25.73+2.57 -5.39 —6.32 | —4.46 54.950 0.000 0.555
FAS Intervention | 24.66+2.54 13.00+2.04 11.66 10.46 12.86 | 306.250 0.000 0.869
Control 23.95+£2.20 18.56x1.82 5.39 4.49 6.29 81.433 0.000 0.649
PS Intervention 15.66x1.63 10.29+1.62 5.37 4.55 6.19 130.406 0.000 0.739
Control 16.34£1.46 13.13%1.32 321 249 3.94 61.029 0.000 0.581

Abbreviations: Plmax, maximum inspiratory pressure; PeMax, maximum expiratory pressure; min, minute; 6MWT, 6 min walk test;FAS, Fatigue
Assessment Scale; PS, Perceived stress;; M, mean; SD, standard deviation; MD, mean difference; t, t value; Cl, confidence interval; p, significance; 7p2,
partial eta squared.

Discussion

This trial aimed to explore the effect of adding respiratory exercises to usual aerobic exercise in post-operative breast
cancer women. The hypothesis was that adding inspiratory training to an aerobic program would improve strength,
fatigue, stress, and physical capacity for post-surgical breast cancer women. When comparing both study groups, we
found that combined inspiratory and aerobic training has been proven to improve inspiratory muscle strength, physical
capacity, fatigue, and stress for breast cancer patients. However, regarding grip strength, no statistical changes were
found (p-value: 0.072). No significant negative consequences associated with our study training program have been
documented. These findings have significant positive implications for breast cancer survival and clinical care.

It is estimated that 30-80% of cancer patients have several age-related chronic diseases, such as metabolic, cardiovas-
cular, and pulmonary disorders. Consequently, the oxygen cycle and ventilation are negatively affected. Women with breast
cancer besides these adverse effects of aging have reduced respiratory fitness, which is caused by unfavorable changes in
systolic and diastolic function, lung elastic recoil, ventilation, vascular conductance, and oxidative capacity.”**!

Chest wall muscle was affected during mastectomy, which led to decreased thoracic expansion, respiratory muscle
strength weakness, and altered respiratory mechanics.® Moreover, patients who have had breast cancer surgery have
decreased respiratory muscle strength. The researcher proved that these changes are due to the use of analgesics, shallow
breathing, the presence of a surgical drain, and fear of pain.*?

Previous research has explored the benefits of organized exercise training on a variety of psychological and
physiological outcomes for breast cancer patients. There are numerous health benefits associated with exercise training,
including improvements in life quality,*® fatigue, and physical capacity.***° In the current study, post-operative breast
cancer patients were found to benefit from combined inspiratory and aerobic training. Our findings are in agreement with
the study done by Dahhak et al, who investigated the effect of inspiratory muscle training (IMT) on breast cancer women,
which showed improvements in inspiratory muscle power, and no difference between the groups was detected in terms of
6MWT; in addition, grip strength showed no change.'” There are a few differences between their study and ours. For
instance, we used IMT (gradually increased intensity according to patient tolerance) combined with aerobic training for
the study group versus aerobic training only for the control group, while Dahhak used IMT for both study groups with
different intensities plus strength training.

The main findings of the study by Ray et al were that training of respiratory muscle (RMT) enhances inspiratory
muscle power and physical capacity, as well as reduces fatigue among breast and lung cancer patients.*” These findings
corroborate our theory that, among post-operative breast cancer patients, adding respiratory muscle training seems to
enhance inspiratory muscle power and physical capacity and decrease fatigue. Notably, Ray et al’s study involved both

Journal of Multidisciplinary Healthcare 2024:17 hetps: 1937

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ibrahim et al Dove

breast and lung cancer patients and was performed on a small sample size (10 subjects), with a short duration of follow-
up of only 4 weeks.

Similarly, Duruturk et al showed that inspiratory muscle training improved respiratory muscle strength and exercise
capacity and reduced fatigue among asthmatic patients.*® This study was different from our trial in that all individuals
had mild to moderate asthma, the exercise program lasted only six weeks, and a placebo group was used.

The present study’s findings are in line with those published by Al-Najar et al, according to whom, after mastectomy,
respiratory muscle training has a demonstrable and considerable influence on ventilatory functions and dyspnea. This is
especially true when paired with physical therapy rehabilitation.*” This study was slightly different from the current
study: first, respiratory training was done using a breather device; second, the frequency was twice per week; third, they
measured ventilator function (Spirometer) and dyspnea without any measures related to respiratory muscle power.

Patients with breast cancer experience psychological issues such as anxiety or depression and worry about the illness
returning, as well as reduced quality of life.>® Our results revealed that combined respiratory and aerobic training had
a positive effect on stress and fatigue in post-operative breast cancer women. These results are in agreement with those
published by Mijwel et al, who investigated the impact of high-intensity exercise therapy on fatigue and quality of life in
women with breast cancer after chemotherapy; their results demonstrated positive benefits on cancer-related physical,
behavioral, emotional, and cognitive fatigue.”'

In 1987, the National Institute for Mental Health (NIMH) released a consensus statement about the impact of exercise
on mental health. The report stated that physical activity has a favorable impact on mental health and well-being, reduces
stress hormones and other stress indices when done appropriately, and has positive emotional impacts on people of all
ages and genders.>

The management of breast cancer survivors has a direct impact on their cardiopulmonary symptoms because of tumor
location, chest wall irradiation, vascular dysfunction, and chemotherapy-induced peripheral muscle weakness.>
Respiratory muscle dysfunction has a role in the burden of symptoms and decreased exercise capacity experienced by
breast cancer survivors.”

Due to the high incidence of cardiovascular, pulmonary, and psychological consequences in post-operative breast
cancer surgery, these are essential targets for physiotherapy intervention.’ Previous investigation has suggested that all
post-operative breast cancer surgery women are in desperate need of rehabilitation physically and psychologically.
Effective physical rehabilitation incorporates a significant enhancement in physical and psychological well-being.”®®

There are a few possible limitations to this research, such as a small sample size, the inclusion of only three forms of
breast surgery (lumpectomy, modified radical mastectomy, and radical mastectomy), and a lack of follow-up. Future
studies must investigate the role of respiratory muscle training in different groups of post-operative breast cancer
survivors with different outcome measurements.

Conclusion

In conclusion, in post-operative breast cancer survivors, respiratory muscle training seems to have a favorable impact on
respiratory muscle strength, exercise performance, fatigue, and stress. The current study highlights the significance of
respiratory muscle training in conjunction with aerobic exercise for enhancing physical capacity and respiratory muscle
strength in post-operative breast cancer survivors, as well as for lowering stress and tiredness. Enhancing future studies
and applying comparable investigations with large samples may boost the generalizability of the results.

Data Sharing Statement
In case of reasonable request, the corresponding author will provide all datasets generated and/or analyzed during the
current study.

Ethical Approval and Consent of Participants
This study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the University
of Ha’il ethical committee board under no. H-2023-367, Informed consent was obtained from all subjects before
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articipating in the study by signing the consent form before data collection, all participants were informed about the
urpose of the study before starting the intervention.

Funding

This research was funded by the Scientific Research Deanship at University of Ha’il, Saudi Arabia, through project

n

umber RG- 23 144.

Disclosure
The authors declare no conflicts of interest in this work.

References

1

1

1

1

1

1

1

1

2

2

2

2

2

1. Lei S, Zheng R, Zhang S, et al. Global patterns of breast cancer incidence and mortality: a population-based cancer registry data analysis from 2000
to 2020. Cancer Commun. 2021;41(11):1183-1194. doi:10.1002/cac2.12207

2. Soerjomataram I, Bray F. Planning for tomorrow: global cancer incidence and the role of prevention 2020-2070. Nat Rev Clin Oncol. 2021;18
(10):663—672. doi:10.1038/s41571-021-00514-z

3. Basudan AM. Breast Cancer Incidence Patterns in the Saudi Female Population: a 17-Year Retrospective Analysis. Medicina. 2022;58(11).
doi:10.3390/medicina58111617

4. Mustian KM, Sprod LK, Janelsins M, Peppone LJ, Mohile S. Exercise recommendations for cancer-related fatigue, cognitive impairment, sleep
problems, depression, pain, anxiety, and physical dysfunction: a review. Oncol Hematol Rev. 2012;8(2):81. doi:10.17925/0hr.2012.08.2.81

5. Kang JJ, Lee H, Park BH, et al. Efficacy of a 4-Week Nurse-Led Exercise Rehabilitation Program in Improving the Quality of Life in Women
Receiving a Post-Mastectomy Reconstruction Using the Motiva ErgonomixTM Round SilkSurface. Int J Environ Res Public Health. 2022;20
(1):16. doi:10.3390/ijerph20010016

6. Chan HK, Ismail S. Side effects of chemotherapy among cancer patients in a Malaysian general hospital: experiences, perceptions and informa-
tional needs from clinical pharmacists. Asian Pacific J Cancer Prev. 2014;15(13):5305-5309. doi:10.7314/APJCP.2014.15.13.5305

7. Jones LW, Eves ND, Haykowsky M, Freedland SJ, Mackey JR. Exercise intolerance in cancer and the role of exercise therapy to reverse
dysfunction. Lancet Oncol. 2009;10(6):598—605. doi:10.1016/S1470-2045(09)70031-2

8. Gomide LB, Matheus JPC, Candido Dos Reis FJ. Morbidity after breast cancer treatment and physiotherapeutic performance. Int J Clin Pract.
2007;61(6):972-982. doi:10.1111/.1742-1241.2006.01152.x

9. Pinto BM, Maruyama NC. Exercise in the rehabilitation of breast cancer survivors. Psycho-Oncology J Psychol Soc Behav Dimens Cancer. 1999;8
(3):191-206.

0. Campbell KL, Pusic AL, Zucker DS, et al. A prospective model of care for breast cancer rehabilitation: function. Cancer. 2012;118(S8):2300-2311.
doi:10.1002/cncr.27464

1. Winick L, Robbins GF. The post-mastectomy rehabilitation group program: structure, procedure, and population demography. 4m J Surg. 1976;132
(5):599-602. doi:10.1016/0002-9610(76)90353-6

2. Abbas S. Pulmonary complications after oncological treatments in breast-cancer survivors: a retrospective cohort study. University of Twente; 2017.

3. Adigiizel S, Aras D, Giili M, Aldhahi MI, Alqahtani AS, AL-Mhanna SB. Comparative effectiveness of 10-week equipment-based pilates and
diaphragmatic breathing exercise on heart rate variability and pulmonary function in young adult healthy women with normal BMI — a quasi-
experimental study. BMC Sports Sci Med Rehabil. 2023;15(1):1-11. doi:10.1186/s13102-023-00693-5

4. McCool FD, Rosen MJ. Nonpharmacologic airway clearance therapies: ACCP evidence-based clinical practice guidelines. Chest. 2006;129
(1):250S-259S. doi:10.1378/chest.129.1_suppl.250S

5. Varela G, Novoa NM, Agostini P, Ballesteros E. Chest physiotherapy in lung resection patients: state of the art. In: Seminars in Thoracic and
Cardiovascular Surgery. Vol. 23. Elsevier; 2011:297-306.

6. Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P. CONSORT statement for randomized trials of nonpharmacologic treatments: a 2017 update
and a CONSORT extension for nonpharmacologic trial abstracts. Ann Intern Med. 2017;167(1):40—47. doi:10.7326/M17-0046

7. Dahhak A, Devoogdt N, Langer D. Adjunctive Inspiratory Muscle Training During a Rehabilitation Program in Patients With Breast Cancer: an
Exploratory Double-Blind, Randomized, Controlled Pilot Study. Arch Rehabil Res Clin Transl. 2022;4(2):100196. doi:10.1016/j.arrct.2022.100196

8. Lista-Paz A, Langer D, Barral-Fernandez M, et al. Maximal Respiratory Pressure Reference Equations in Healthy Adults and Cut-off Points for
Defining Respiratory Muscle Weakness. Arch Bronconeumol. 2023;59(12):813-820. doi:10.1016/j.arbres.2023.08.016

9. Gosselink R, De Vos J, Van Den Heuvel SP, Segers J, Decramer M, Kwakkel G. Impact of inspiratory muscle training in patients with COPD: what
is the evidence? Eur Respir J. 2011;37(2):416-425. doi:10.1183/09031936.00031810

0. Chuang H, Chang H, Fang Y, Guo S. The effects of threshold inspiratory muscle training in patients with chronic obstructive pulmonary disease:

a randomised experimental study. J Clin Nurs. 2017;26(23-24):4830-4838. doi:10.1111/jocn.13841
. Kendall F, Oliveira J, Peleteiro B, Pinho P, Bastos PT. Inspiratory muscle training is effective to reduce postoperative pulmonary complications and
length of hospital stay: a systematic review and meta-analysis. Disabil Rehabil. 2018;40(8):864—882. doi:10.1080/09638288.2016.1277396

2. Gomes Neto M, Martinez BP, Reis HFC, Carvalho VO. Pre-and postoperative inspiratory muscle training in patients undergoing cardiac surgery:
systematic review and meta-analysis. Clin Rehabil. 2017;31(4):454-464. doi:10.1177/0269215516648754

3. McNeely ML, Campbell K, Ospina M, et al. Exercise interventions for upper-limb dysfunction due to breast cancer treatment. Cochrane Database
Syst Rev. 2010; 6. doi:10.1002/14651858.CD005211.pub2

4. Anderson RT, Kimmick GG, McCoy TP, et al. A randomized trial of exercise on well-being and function following breast cancer surgery: the
RESTORE trial. J Cancer Surviv. 2012;6(2):172-181. doi:10.1007/s11764-011-0208-4

—_

Journal of Multidisciplinary Healthcare 2024:17 hetps: 1939

Dove:


https://doi.org/10.1002/cac2.12207
https://doi.org/10.1038/s41571-021-00514-z
https://doi.org/10.3390/medicina58111617
https://doi.org/10.17925/ohr.2012.08.2.81
https://doi.org/10.3390/ijerph20010016
https://doi.org/10.7314/APJCP.2014.15.13.5305
https://doi.org/10.1016/S1470-2045(09)70031-2
https://doi.org/10.1111/j.1742-1241.2006.01152.x
https://doi.org/10.1002/cncr.27464
https://doi.org/10.1016/0002-9610(76)90353-6
https://doi.org/10.1186/s13102-023-00693-5
https://doi.org/10.1378/chest.129.1_suppl.250S
https://doi.org/10.7326/M17-0046
https://doi.org/10.1016/j.arrct.2022.100196
https://doi.org/10.1016/j.arbres.2023.08.016
https://doi.org/10.1183/09031936.00031810
https://doi.org/10.1111/jocn.13841
https://doi.org/10.1080/09638288.2016.1277396
https://doi.org/10.1177/0269215516648754
https://doi.org/10.1002/14651858.CD005211.pub2
https://doi.org/10.1007/s11764-011-0208-4
https://www.dovepress.com
https://www.dovepress.com

Ibrahim et al Dove

25.

26.

27.

28.

29.

30.

Petito EL, Nazario ACP, Martinelli SE, Facina G, De Gutiérrez MGR. Application of a domicile-based exercise program for shoulder rehabilitation
after breast cancer surgery. Rev Lat Am Enfermagem. 2012;20(1):35-43. doi:10.1590/S0104-11692012000100006

Lou GM, Stout NL. Exercise interventions for upper limb dysfunction due to breast cancer treatment. Phys Ther. 2013;93(10):1291-1297.
doi:10.2522/ptj.20120049

Pessoa IMBS, Pereira HLA, Aguiar LT, Tagliaferri TL, Silva da LAM, Parreira VF. Test-retest reliability and concurrent validity of a digital
manovacuometer. Fisioter e Pesqui. 2014;21:236-242.

Mehani SHM. Comparative study of two different respiratory training protocols in elderly patients with chronic obstructive pulmonary disease. Clin
Interv Aging. 2017;1705-1715. doi:10.2147/CIA.S145688

Schmidt K, Vogt L, Thiel C, Jager E, Banzer W. Validity of the six-minute walk test in cancer patients. /nt J Sports Med. 2013;34(7):631-636.
doi:10.1055/5-0032-1323746

Schubert C, Archer G, Zelis JM, et al. Wearable devices can predict the outcome of standardized 6-minute walk tests in heart disease. NPJ Digit
Med. 2020;3(1):92. doi:10.1038/s41746-020-0299-2

31. Ibrahim AA, Althomali OW, Atyia MR, et al. A systematic review of trials investigating the efficacy of exercise training for functional capacity and
quality of life in chronic kidney disease patients. /nt Urol Nephrol. 2021;1-10.

32. Mahmoud W, Kamel E, Atteya M, Ibrahim A, Alrawaili S, Hussein H. Immediate and short-term effects of 35% tension Kinesio taping on handgrip
strength in healthy females. Physiother Q. 2021;29(4):9—13. doi:10.5114/pq.2021.105746

33. Abizanda P, Navarro JL, Garcia-Tomas MI, Lopez-Jiménez E, Martinez-Sanchez E, Paterna G. Validity and usefulness of hand-held dynamometry
for measuring muscle strength in community-dwelling older persons. Arch Gerontol Geriatr. 2012;54(1):21-27. doi:10.1016/j.archger.2011.02.006

34. Trampisch US, Franke J, Jedamzik N, Hinrichs T, Platen P. Optimal Jamar dynamometer handle position to assess maximal isometric hand grip
strength in epidemiological studies. J Hand Surg Am. 2012;37(11):2368-2373. do0i:10.1016/j.jhsa.2012.08.014

35. Michielsen HJ, De Vries J, Van Heck GL. Psychometric qualities of a brief self-rated fatigue measure: the Fatigue Assessment Scale. J Psychosom
Res. 2003;54(4):345-352. doi:10.1016/50022-3999(02)00392-6

36. Alhanbali S, AlJasser A, Aboudi O, Alagrabawi W, Munro KJ. Establishing the reliability and the validity of the Arabic translated versions of the
Effort Assessment Scale and the Fatigue Assessment Scale. Int J Audiol. 2022;1-6.

37. Shahid A, Wilkinson K, Marcu S, Shapiro CM. Fatigue assessment scale (FAS). In: STOP, THAT and One Hundred Other Sleep Scales. Springer;
2011:161-162.

38. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress, journal of health and social behavior. 1983;24.

39. Cohen S. Perceived stress in a probability sample of the United States. 1988.

40. Eskurza I, Donato AJ, Moreau KL, Seals DR, Tanaka H. Changes in maximal aerobic capacity with age in endurance-trained women: 7-yr
follow-up. J Appl Physiol. 2002;92(6):2303-2308. doi:10.1152/japplphysiol.01124.2001

41. McGuire DK, Levine BD, Williamson JW, et al. A 30-year follow-up of the Dallas Bed Rest and Training Study: II. Effect of age on cardiovascular
adaptation to exercise training. Circulation. 2001;104(12):1358-1366. doi:10.1161/hc3701.096099

42. Sciences AH, Article O. ABCS HEALTH SCIENCES CS and associated factors. 2023;1-9.

43. Gerritsen JKW, Vincent AJPE. Exercise improves quality of life in patients with cancer: a systematic review and meta-analysis of randomised
controlled trials. Br J Sports Med. 2016;50(13):796—803. doi:10.1136/bjsports-2015-094787

44. McNeely ML, Campbell KL, Rowe BH, Klassen TP, Mackey JR, Courneya KS. Effects of exercise on breast cancer patients and survivors:
a systematic review and meta-analysis. Cmaj. 2006;175(1):34-41. doi:10.1503/cma;j.051073

45. Schmitz KH, Holtzman J, Courneya KS, Masse LC, Duval S, Kane R. Controlled physical activity trials in cancer survivors: a systematic review
and meta-analysis. Cancer Epidemiol Biomarkers Prev. 2005;14(7):1588-1595. doi:10.1158/1055-9965.EPI-04-0703

46. Haskell WL, Lee I-M, Pate RR, et al. Physical activity and public health: updated recommendation for adults from the American College of Sports
Medicine and the American Heart Association. Circulation. 2007;116(9):1081.

47. Ray AD, Williams BT, Mahoney MC. Respiratory muscle training improves exercise performance and quality of life in cancer survivors: a pilot
study. Rehabil Oncol. 2017;35(2):81-89. doi:10.1097/01.RE0.0000000000000064

48. Duruturk N, Acar M, Dogrul MI. Effect of Inspiratory Muscle Training in the Management of Patients with Asthma A RANDOMIZED
CONTROLLED TRIAL. J Cardiopulm Rehabil Prev. 2018;38(3):198-203. doi:10.1097/HCR.0000000000000318

49. Al-Najar KM, Ibraheem MH, Zaki RM, Mohamed DA, Hady AAAA, EL-Nahas NG. Effect of respiratory muscle training on ventilatory function
in women post mastectomy. Int J Health Sci. 2022;6:3205-3213. doi:10.53730/ijhs.v6ns9.13268

50. Sun M, Liu C, Lu Y, Zhu F, Li H, Lu Q. Effects of Physical Activity on Quality of Life, Anxiety and Depression in Breast Cancer Survivors:
a Systematic Review and Meta-analysis. Asian Nurs Res. 2023. doi:10.1016/j.anr.2023.11.001

51. Mijwel S, Jervaeus A, Bolam KA, et al. High-intensity exercise during chemotherapy induces beneficial effects 12 months into breast cancer
survivorship. J Cancer Surviv. 2019;13(2):244-256. doi:10.1007/s11764-019-00747-z

52. Cuevas BT, Hughes DC, Parma DL, et al. Motivation, exercise, and stress in breast cancer survivors. Support Care Cancer. 2014;22(4):911-917.
doi:10.1007/500520-013-2038-6

53. Betof AS. Manuscript A. progression: a translational perspective. Brain. 2014. 30:1-25. doi:10.1016/j.bbi.2012.05.001.Effects

54. O’Donnell DE, Webb KA, Langer D, Elbehairy AF, Neder JA, Dudgeon DJ. Respiratory Factors Contributing to Exercise Intolerance in Breast
Cancer Survivors: a Case-Control Study. J Pain Symptom Manage. 2016;52(1):54—63. doi:10.1016/j.jpainsymman.2016.01.004

55. Odinets T, Briskin Y, Pityn M. Effect of individualized physical rehabilitation programs on respiratory function in women with post-mastectomy
syndrome. Physiother Theory Pract. 2019;35(5):419-426. doi:10.1080/09593985.2018.1444117

56. Bodai BI, Tuso P. Breast cancer survivorship: a comprehensive review of long-term medical issues and lifestyle recommendations. Perm J. 2015;19
(2):48. doi:10.7812/TPP/14-241

57. Lindquist H, Enblom A, Dunberger G, Nyberg T, Bergmark K. Water exercise compared to land exercise or standard care in female cancer
survivors with secondary lymphedema. Lymphology. 2015;48(2):64-79.

58. Briskin Y, Odinets T, Pityn M. Influence of the problem-oriented program of physical rehabilitation on the type of attitude to the disease in women
with postmastektomy syndrome. J Phys Educ Sport. 2016;16(1):33.

1940  "es Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://doi.org/10.1590/S0104-11692012000100006
https://doi.org/10.2522/ptj.20120049
https://doi.org/10.2147/CIA.S145688
https://doi.org/10.1055/s-0032-1323746
https://doi.org/10.1038/s41746-020-0299-2
https://doi.org/10.5114/pq.2021.105746
https://doi.org/10.1016/j.archger.2011.02.006
https://doi.org/10.1016/j.jhsa.2012.08.014
https://doi.org/10.1016/S0022-3999(02)00392-6
https://doi.org/10.1152/japplphysiol.01124.2001
https://doi.org/10.1161/hc3701.096099
https://doi.org/10.1136/bjsports-2015-094787
https://doi.org/10.1503/cmaj.051073
https://doi.org/10.1158/1055-9965.EPI-04-0703
https://doi.org/10.1097/01.REO.0000000000000064
https://doi.org/10.1097/HCR.0000000000000318
https://doi.org/10.53730/ijhs.v6ns9.13268
https://doi.org/10.1016/j.anr.2023.11.001
https://doi.org/10.1007/s11764-019-00747-z
https://doi.org/10.1007/s00520-013-2038-6
https://doi.org/10.1016/j.bbi.2012.05.001.Effects
https://doi.org/10.1016/j.jpainsymman.2016.01.004
https://doi.org/10.1080/09593985.2018.1444117
https://doi.org/10.7812/TPP/14-241
https://www.dovepress.com
https://www.dovepress.com

Dove Ibrahim et al

Journal of Multidisciplinary Healthcare Dove

Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

Journal of Multidisciplinary Healthcare 2024:17 n

&

¥ in @ Do 1941

§


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Sample Size
	Interventions
	Inspiratory Muscle Training
	Aerobic Exercise Training

	Outcomes Measurement
	Randomization, Concealment, and Blinding
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Sharing Statement
	Ethical Approval and Consent of Participants
	Funding
	Disclosure

