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ABSTRACT

Purpose: Chemotherapy and/or radiation are the most often delivered treatments to cancer patients.
Usually during the adjuvant treatment, patients complain about fatigue. In addition, physical exercise
during adjuvant treatment of cancer seems to have beneficial effects. The aim of this investigation was to
assess the effects of multimodal aerobic and strength exercises programs on muscle deoxygenation of
patients with breast cancer undergoing adjuvant chemotherapy treatment. Methods: Thirty-two women
with breast cancer (20 patients as the training group and 12 patients as the control group) undergoing
adjuvant chemotherapy participated in the study. The training group took part in 6 weeks of supervised
intermittent aerobic cycling, home-based walking, isometric and electrical muscle stimulation (EMS)
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exercise training programs. The Outcome measures were muscle deoxygenation (ΔHHb), Maximal
Voluntary isometric Contraction (MViC) and Endurance Time (ET) before and after the training period.
Results: Compared to the control group, a significant increase in ΔHHb (P < 0.01) accompanied with an
increase in ET (P < 0.01) and MViC (P < 0.01) of the quadriceps was obtained in the training group.
However, no significant differences of MViC, ET and ΔHHb were observed in the control group.
Conclusion: Multimodal aerobic and strength exercise programs enhance muscle oxygen utilization, which
may partly explain the improvement in muscular strength and endurance, and the reduction of muscle
fatigue in patients with breast cancer during an adjuvant chemotherapy period.
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INTRODUCTION

Cancer-Related Fatigue is a common problem in cancer patients undertaking chemotherapy [1,
2]. It was reported that fatigue affects up to 70% of cancer patients during chemotherapy [3].
Changes in neuromuscular function were potential contributors to cancer-related fatigue [4, 5].

Yavuzsen et al. [5] showed impaired neuromuscular junction conduction and greater central
fatigue in a cancer patient group undergoing palliative care, compared to a healthy control
group.

Furthermore, Bruera et al. [6] showed several muscular alterations, including reduced
relaxation velocity, lower maximum strength after supramaximal stimulation and a higher loss
of contractile strength, after 30 s of stimulation of advanced breast cancer patients.

Thus, these data show that cancer and the treatment of cancer have negative effects on
muscular functional capacity. Muscle wasting is the essential consequence of cancer cachexia,
inducing in particular muscle fatigue and respiratory disorders [7].

Moreover, the lack of physical activity during cancer treatment, prolonged bed rest and
treatment with high-dose corticoids can aggravate the decline of muscular function by a sub-
stantial loss of muscle mass as well as reduction of plasma volume and cardiac output that
further impairs exercise tolerance [8]. Otherwise, immunosuppression with cyclosporine may
induce mitochondrial myopathy [9], loss of capillary density and exercise ability [10].

The study of Ederer et al. [11] is the first evidence of potential muscle microvascular toxicity
in cancer survivors treated with adjuvant treatments. These authors observed a significant
decrease of skeletal microvascular muscle during dynamic exercise on cycle ergometer in cancer
survivors compared to healthy subjects. This decrease suggests that muscle oxygen extraction
and muscle microvascular hemoglobin concentration were lower in the cancer survivor group
[11]. In this context, fatigue mechanisms of the whole body in cancer patients could be related
both to central and peripheral factors. Chemotherapy combined with prolonged physical
inactivity will impact oxygen delivery, oxygen utilization, and consequently the functional ca-
pacity of the patient.

Some studies have shown that aerobic and resistance exercise improved self-esteem, physical
fitness, body composition, and chemotherapy completion rate without causing lymphedema or
significant adverse events, during adjuvant chemotherapy [12] and after treatment [13].
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Andersen et al. [14] demonstrated that six-weeks of supervised multimodal exercise inter-
vention comprising high-intensity aerobic and heavy resistance training, relaxation and body
awareness training and massage could provide a significant reduction in self-reported cancer-
related fatigue in cancer patients undergoing chemotherapy.

Battaglini et al. [15] showed that strength training decreases muscle fatigue and improves
muscular strength in women with breast cancer. Furthermore, Steindorf et al. [16] indicated
that resistance training is safe and efficient in improving cancer-related fatigue in breast cancer
patients during adjuvant treatment. Strength exercise is often suggested in dynamic form using
the estimated one repetition maximum in cancer patients [3, 14, 17], nevertheless no study has
proposed isometric strength exercise in such patients.

Near-infrared spectroscopy (NIRS) is a non-invasive method for measuring tissue oxygen-
ation [18]. The deoxygenation of hemoglobin and myoglobin measured by NIRS gives a
reproducible estimate of the fraction of oxygen used at the level of microcirculation [19, 20].

To decrease muscular fatigue caused by cancer treatment and physical inactivity, the purpose
of this study was to assess the effects of supervised and individualized multimodal aerobic and
strength exercise programs on muscle deoxygenation in patients with breast cancer undergoing
adjuvant chemotherapy.

MATERIAL AND METHODS

Patients

A randomized controlled trial was performed to examine the effect of a multimodal training
program on muscle deoxygenation. Sample size was calculated based on the primary outcome of
this study, muscle deoxygenation. Given the pioneer character of the present study, the effect
size was arbitrarily fixed high at 0.80 and a power of 80% (a 5 0.05), assuming approximately
10% dropout rate. The total sample size calculated using the software GpPower 1.3.9.4 was 24
(12 participants in each group).

At the beginning, thirty-nine patients were selected to participate in this study. They were
recruited from the medical oncology department of hospital. They represented a subgroup from
a population of 730 patients followed in the oncology department. Recruited patients were
randomly divided (sealed envelope method without replacement) into 2 homogeneous groups:
one “training” group (n 5 20) and one control group (n 5 19). At the end of the experiment,
seven patients in the control group were eliminated, because they changed their hospitals and
therefore they did not perform the retest (Fig. 1). Only the group of trained patients partici-
pated in the rehabilitation program. Subjects from the control group maintained taking their
adjuvant chemotherapy during the 6-week period without taking part in any exercise or reha-
bilitation program.

The women’s inclusion criteria were: age between 18 and 65 years, lack of a known history of
chronic respiratory or neuromuscular diseases, diagnosis with non-metastatic breast cancer
(stage І-ШA), mastectomy, and being in the process of adjuvant chemotherapy (postoperative).
The chemotherapy sessions lasted 3 h and were carried out in the hospital every three weeks.
The protocols used were FEC 100 (5 Fluouracil, Epirubicin, Cyclophosphamide) alternated with
Docetaxel. The first chemotherapy session was realized 6 weeks after the surgical procedure, and
the first training session was performed 2 weeks after the first chemotherapy session.
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The exclusion criteria were: the practice of physical activity, malnutrition (BMI <20; [21]),
chronic diseases that can be exacerbated by exercise (coronary artery disease, chronic
obstructive pulmonary disease, osteoarthritis), haemoglobin concentration <8 g dL�1, chronic
infection, platelet count <20 nL�1, obesity (BMI >30), treatment with high-dose corticoids
(prednisone >50 mg day�1 or equivalent dose of related agents), neurologic or muscular
impairment, skeletal metastases resulting in bone instability, or progressive disease with
indication of new or additional therapy. Patients who had metastases were excluded, because
they had general weakness and did not follow the same treatment as non-metastatic patients.
In addition, women with non-communicable diseases such as hypertension, diabetes,
cholesterol, and triglycerides were excluded from our investigation. Thirty-two eligible pa-
tients were enrolled in this study after providing informed consent. All were also non-smokers,
and none abused alcohol. Patients didn’t take any medication. The characteristics of the
subjects are summarized in Table 1. The study was approved by the Ethics Committee of the
Oncology Hospital in accordance with the Declaration of Helsinki. All patients were advised in
detail of the procedures and risks associated with the various experiments as well as the ex-
pected benefits, and gave their informed consent. Confidentiality was maintained throughout
the study period.

Excluded (n=82) 

Assessed for eligibility (n=121)

Analysed (n= 12 ) 

Lost to follow-up (n= 7): They 
changed their hospitals and 

therefore they did not perform the 
retest. 

Control group (n=19) 
Received chemotherapy treatment 

without physical activities 

All patients completed the protocol 
 until the end

Intervention group (n=20) 
Received chemotherapy treatment and 

multimodal training program 

Analysed (n=20) 

Randomized 

Enrollment 

Allocation 

Follow-Up 

Analysis 

Fig. 1. Flow diagram of randomization procedure
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Protocol

After recruitment, pretest and posttest trials of muscular performance were carried out. These
consisted of an isometric test to measure the Maximal Voluntary isometric Contraction (MViC)
and endurance time (ET) of the quadriceps muscle. Muscle deoxygenation changes (ΔHHb)
during hold to 50% of MViC using NIRS was assessed during the endurance time test.

Quadriceps muscle strength

Quadriceps muscle strength was assessed using a universal dynamometer (Electronic Council,
France) mounted on a platform. Patients were seated comfortably with the back supported in a
sturdy chair, hips and knees at 908. A strap was positioned 2 cm above the lateral malleolus of
the ankle of the dominant leg; the other end of the strap was attached to the strain gauge
dynamometer. During contractions, the direction of force generation was perpendicular to the
axis of the leg. Patients pushed as hard as possible during three seconds. After a familiarization
test, the patients began three attempts, interspersed with a passive recovery of two minutes, with

Table 1. Characteristics of patients in both groups

Training group Control group

N 20 12
Gender Female Female
Age (years) 49.71 ± 5.41 48.93 ± 4.76
Q25 45.25 44.25
Q50 (Med) 47.5 49.5
Q75 55.75 53
Weight (kg) 73.1 ± 6.63 70.25 ± 5.03
Q25 67.25 65.5
Q50 (Med) 71.5 71
Q75 80.75 73.5
Height (cm) 160.47 ± 4.75 159.87 ± 3.25
Q25 155.25 157
Q50 (Med) 162.5 159.5
Q75 164 163
BMI (kg m�2) 28.42 ± 2.55 27.55 ± 2.62
Q25 26.45 24.83
Q50 (Med) 28.32 27.79
Q75 30.02 29.26
HRrest at baseline (bpm) 84.45 ± 7.98 88.08 ± 6.17
Blood Pressure Systolic (mm Hg) 124.1 ± 12.12 123.92 ± 11.95
Blood Pressure Diastolic (mm Hg) 84.55 ± 8.73 84.58 ± 7.97
Postmenopausal patients 3 2
Type of Tumor Breast cancer Breast cancer
Side of the operated breast
Right 11 (55%) 7 (58.33%)
Left 9 (45%) 5 (41.67%)
Treatment Adjuvant Chemotherapy Adjuvant Chemotherapy

Data are expressed as mean ± standard deviation and Quartiles 25, 50, 75.
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verbal encouragement to develop maximal force. To determine the MViC, the average of the
values of the three MViCs obtained during the three maximum extensions was calculated.

After the three maximum extensions, a 5-min recovery period was proposed for patients
before starting the holding to 50% of MViC. To measure endurance time, patients held 50% of
MViC as long as possible.

To measure MViC and ET, we used an electronic card with its associated software on a
computer. A strength sensor had been connected to the measuring card. The kinetics of the
developed force and the holding time was displayed on the computer screen visible to the
patients.

NIRS signal acquisition and analysis

The probe infrared spectroscopy “NIRS” (Portamon, ARTinis, Medical System, Zetten,
Netherlands) was placed at the Rectus Femoris muscle. The sensor was applied to 12 cm of the
patella in the longitudinal axis of the muscle (after the muscle had been localized via a voluntary
knee flexion at 908). In order to minimize the possible effects of muscle perfusion heterogeneity, the
probe was placed over the belly of the muscle. The probe was protected with medical adhesive and
covered with a black bandage to prevent signal contamination by ambient light. Skinfolds were
measured at the location of the probe using a skinfold caliper (Harpenden HSK-BI, United
Kingdom), to ensure that skinfold was lower than 1.5 cm as recommended to avoid signal alter-
ations [22].

After calibration of the NIRS device and rest measurements, the curves of MViC were
instantly displayed on the screen and recorded in “line” for further analysis. ΔHHb was
measured using the differences in characteristics of light absorption at 750 and 850 nm because
of uncertainty in differential path length factors for the quadriceps muscle.

During acquisition, the receiving system of the NIRS was connected to a PC computer to
transfer data from the sensor to the receiver via Bluetooth for acquisition and data archiving at a
frequency of 10 Hz.

The NIRS derived reflected changes in muscle deoxygenation within venules, capillaries, the
small arterioles and of intracellular myoglobin [18]. The distinction between myoglobin and
hemoglobin cannot be regularly made due to the similar absorption properties at the NIRS light
wavelengths [23]. ΔHHb changes relative to baseline were computed as the difference between
the average baseline value and the average contraction value of 50% MViC.

Training program

The training program lasted for a period of six weeks and consisted of combined supervised
intermittent aerobic, muscle strength and home-based walking training programs. The aerobic
training consisted of home-based walking and a cycling training program.

Patients of the training group were equipped with a Polar heart rate monitor (Polar Electro,
Port Washington, NY, USA) during each walking and cycling exercise-training session to
monitor their heart rates. The mean heart rate values were calculated weekly from the data of the
heart rate monitor recorder. We read and calculated the patients’ mean exercise heart rates
weekly using a heart rate monitor to adjust and control the training load. In addition, we
increased the walking exercise intensity every two weeks by 5% compared to the average exercise
heart rate calculated each week.
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The home-based walking program consisted of walking continuously for 20 min, 5 days per
week during the two first weeks, 25 min during the 3rd and the 4th weeks and 30 min during the
last 2 weeks. The supervised home based walking program was coupled to an isometric exercise
training of the knee extensor muscles (10p10 contractions of 3 s in the first week, 15p15 con-
tractions of 4 s for 2 weeks and 20p20 contractions of 5 s in the last 3 weeks, 5 days week�1).

The intermittent cycling training program consisted of exercises on cycle ergometer twice a
week. The cycling exercise program started with 5 min of warming-up at an intensity of 50% of
the theoretical maximal heart rate (THRmax). The THRmax was calculated using the formula of
Gulati et al. [24]: (206 – [0.88 x age]). This formula was obtained in a fragile sample of 5,437
asymptomatic women with chronotropic incompetence and increased risk of death.

During the 1st week, patients carried out two cycling training sessions of 2 x 10 min at an
intensity of 55% of THRmax. During the 2nd week, the exercise intensity was increased to 60% of
THRmax with 2x 12 min training duration. During the 3rd week, the exercise intensity was 65%
of THRmax for 2 x 15 min duration.

In the last 3 weeks, the patients performed six cycling training sessions of 2x 20 min at 70%
of THRmax for the 4th week, 75% of THRmax for the 5th week and 80% of THRmax for the last
training week.

The training load was increased lightly and progressively during the training period, to have
a number of repetitions, a time of cycling, and a recovery between bouts of 2p100 (30); 2p120

(3030); 2p150 (50); 2p200 (70), respectively; using passive recovery between bouts, the cadence of
cycling was between 50 and 70 rpm. We used the Borg scale after each training session. In
addition, we read and calculated the patients’ mean exercise heart rates weekly from their heart
rate monitor data to adjust and control the training load.

In all cycling training sessions, we suggested a passive recovery with electrical muscle
stimulation (EMS) that was applied to knee extensor muscles using EMS devices (Compex-P,
Vista, CA 92081-8553, USA) producing biphasic symmetric impulses with a 50 Hz frequency, a
pulse width of 0.35 ms (stimulus regime: 8 s on/24 s off; session time 30 min day�1 in the first 2
weeks, increased to 40 min day�1 in the last 4 weeks, 2 days week�1). We used a pre-established
electrostimulation protocol in the Compex system. Stimulation intensity was individually
adjusted for each limb in order to obtain tetanic contraction or maximum tolerated intensity.

The device provided 4 output channels with the possibility to adjust intensity. The device was
provided with self-adhering surface electrodes (200 3 200 and 200 3 400, Compex, Medi-Konzept
GmbH). To stimulate the quadriceps muscle, the electrodes were placed bilaterally, medially and
laterally, 3 cm proximal to the upper border of the patella and 5 cm distal to the inguinal fold
[25]. The perceived rate of exertion (PRE) was assessed using the Borg scale at the end of each
training session.

Statistical analysis

Normality and homogeneity of variances were examined by Shapiro–Wilk and Levin tests,
respectively. To compare changes in ΔHHb, ET and MViC in the training and control groups, a
two-way (groups vs pre-post training) analysis of variance with repeated measures was used.
When a difference was found, a Bonferroni post hoc test was applied. Effect sizes (ES) were also
calculated for each output. The following scale proposed by Hopkins [26] was used for the
interpretation: <0.2:[trivial]; 02-06: [smal]; 06-1.2:[moderate]; 1.2-2:[large]; and >2.0:[very
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large]. All statistical analyses were performed using the SPSS Statistics version 22 (SPSS Inc.,
Chicago, IL, USA). All data are presented as mean ± standard deviation (SD), and the value of
P < 0.05 was accepted as the minimal level of significance.

RESULTS

Neither the Shapiro–Wilk nor the Levin tests were significant (P > 0.05), suggesting a normal
distribution with homogeneous variance for all measured variables. Descriptive data for
anthropometric characteristics of all patients are summarized in Table 1.

No significant differences were observed in ΔHHb in the control group (2.37 ± 0.6AU vs
2.06 ± 0.43AU, respectively in test and retest; P > 0.05). However, the ΔHHb values of the
training group increased by 51.68% following the six-week training program (2.20 ± 1.19AU vs
3.00 ± 1.12AU, respectively in test and retest; P < 0.01, ES 5 0.69) (Fig. 2).

MViC values of the training group also increased significantly by 16.66% following the
6-week training intervention (14.79 ± 2.58 kg vs 17.06 ± 2.61 kg, respectively in test and retest;
P < 0.01, ES 5 0.87). However, no significant differences were observed in the control group
(15.12 ± 1.19 kg vs 14.39 ± 1.38 kg, respectively in test and retest; P > 0.05) (Fig. 3).

No significant differences were observed for ET in the control group (51 ± 14.06 s vs 48.17 ±
9.45 s, respectively in test and retest; P > 0.05). However, the ET values of the training group
increased by 47.36% following the six-week training program (50 ± 24.58 s vs 69.25 ± 29.75 s,
respectively in test and retest; P < 0.01, ES 5 0.71) (Fig. 4).

Fig. 2. Changes in muscle deoxygenation in training and control groups. Data are expressed as mean ± SD.
pp: Significance at P < 0.01
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Fig. 3. Changes in maximal voluntary isometric contraction in training and control groups. Data are
expressed as mean ± SD. pp: Significance at P < 0.01

Fig. 4. Changes in endurance time in training and control groups. Data are expressed as mean ± SD.
pp: Significance at P < 0.01
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A significant improvement was observed for PRE in the training group (6.35 ± 0.93 vs 5.7 ±
0.12, respectively in test and retest; P < 0.05, ES 5 1.24). However, no difference was shown in
controls (6.17 ± 0.94 vs 6.42 ± 0.90, respectively in test and retest).

DISCUSSION

The objective of this study was to investigate the effects of combined supervised intermittent
aerobic, muscle strength and home-based walking training programs on muscle deoxygen-
ation and muscle performance in patients with breast cancer undergoing adjuvant
chemotherapy.

The main finding of the present study was that six weeks of combined aerobic, resistance,
and muscle stimulation training program induced improvements of muscular performance in
patients with breast cancer undergoing adjuvant chemotherapy. In fact, we found increases
in MViC and ET during isometric tests, accompanied by an increase in muscle deoxygenation
in the training group.

Our findings seem to be interesting, because we showed that multimodal aerobic and
strength exercise programs enhance muscle oxygen utilization, which may partly explain the
improvement in muscular strength and endurance, and the reduction of muscle fatigue in pa-
tients with breast cancer during adjuvant chemotherapy period.

It is important to note that the training protocol used in this study was varied and pro-
gressive in terms of type, intensity, and duration of exercises. For this reason it was well tolerated
by our subjects. In this context, we exported the data daily to track the adherence rate of our
patients. Our training protocol seems to be relevant, because the adherence of our patients was
high even for unsupervised attendance rate. The rate of patient adherence to unsupervised
sessions was around 98%. Furthermore, the effective rate of wearing the Polar heart rate monitor
during walking sessions reached 90%. In addition, we reported no discomfort or discouragement
of our patients during the intervention.

Our data are of importance, because in such a population cancer treatment by chemotherapy
leads to fatigue, and improvements of muscle endurance related to training could counteract
fatigue mechanisms [27, 28]. Ng [27] suggested that exercise could be one of the few effective
tools to manage unexplained cancer-related fatigue, especially in cases of absence of cachexia or
anemia. According to the author, exercise could induce the preservation of muscle functional
capacity, preventing deterioration.

In our study, we used a near-infrared spectroscopy (NIRS) device. This device could provide
accurate information related to local muscle oxygenation, and thus to muscle fatigue during
exercise [29]. Felici et al. [30] reported that a decrease in muscle activity could reflect a
reduction in muscle oxygen consumption. Other physiological variables could be appreciated
including oxygen consumption and oxygen delivery [31]. Quaresima et al. [32] pointed out that
there are other parameters, such as intramuscular pressure, local blood supply, and fiber type
recruitment that may account for differences in NIRS signal responses, both within and between
the muscles involved during exercise.

After the multimodal training program, we found a significant increase in ΔHHb,
explaining an increase in oxygen consumption during the muscular endurance test at 50%
of MViC. Kahn et al. [33] found that the peak deoxygenation level was produced at 50%
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MViC in the brachioradialis muscle. They showed that at 50% MViC, type I muscle fibers
are involved, and some type II fibers are also solicited in order to maintain the desired
force.

Inadequate oxygen consumption and/or inadequate blood supply can influence the ability of
muscles to sustain muscle contraction [34, 35]. Ederer et al. [11] explained the decrease of
muscle deoxygenation by an alteration in the balance between oxygen delivery and oxygen
utilization during exercise in cancer survivors.

In our training program, we also used the electrical muscle stimulation method (EMS).
This method is widely used both in patients and in trained subjects. EMS delivers a
controlled contractile stimulus to underlying muscles via surface electrodes placed on the
skin. For example, in pathological patients, EMS is often used to assist with rehabilitation
following joint surgery [36], by helping to speed up strength muscle recovery and joint
function. In this context, Stevens et al. [37] used electrical stimulation of the muscle in
combination with voluntary contraction exercises in order to strengthen the muscles of the
limbs after knee replacement surgery. Our intervention based on the combination of aerobic
exercise, resistance exercise and EMS was effective, involving increased strength and
muscular endurance.

Studies using electrical muscle stimulation have highlighted the importance of this technique
in improving muscle function [38–41], particularly in subjects unable to perform dynamic
exercises [37–40].

Aerobic training induces muscle adaptations, such as improving myoglobin and mito-
chondria content, and increases in capillary density, the percentage of slow fibers, and the ac-
tivity of oxidative enzymes [42], thus involving enhancement in muscle strength and
endurance [43].

Training using resistant or intense exercises optimizes the mechanism of muscle recruitment,
regarding adaptation affecting both anaerobic and aerobic muscular metabolism [44, 45]. The
reduction of effort perception (PRE) that we found in our intervention group could be related to
such adaptations.

Mijwel et al. [46] showed that high-intensity interval training (HIIT) combined with aerobic
training, and HIIT combined with resistant training induced improvements in skeletal muscle
function, such as citrate synthase activity, capillaries per fiber, and muscle fiber cross-sectional
area in breast cancer patients. In addition, the authors suggested the inclusion of high interval
training to aerobic training during the chemotherapy period. Recently, Schutz et al. [47]
concluded that HIIT associated with resistance training, with an intensity of 70–80% of 1 RM, or
HIIT combined with aerobic exercise provided positive effects on quality of life, muscle strength,
handgrip, body weight stabilization and fatigue in addition to reducing pain and symptoms
related to breast cancer.

In their review, Kim et al. [48] confirmed that combined training is more efficient than
aerobic or resistant training alone in physical fitness and biomarker levels in breast cancer
patients. In the same context, Hiraoui et al. [49] pointed out the importance of supervised
combined intermittent aerobic, muscle strength and home-based walking training programs on
cardio-respiratory fitness in women with breast cancer during adjuvant chemotherapy treat-
ment. The authors reported that using a training program improves cardio-respiratory re-
sponses and reduces the perception of fatigue in women with breast cancer.
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STUDY LIMITATIONS

This study has obvious limitations. The sample size is relatively small and the groups showed an
imbalance in size between groups (20 vs 12, respectively for experimental and control groups).
But despite this imbalance, both groups were homogenous for age, BMI, type of tumor, treat-
ment, and especially in baseline values of ΔHHb, MViC and ET that were measured before and
after training.

CONCLUSION

Our study showed that multimodal aerobic and strength exercise programs enhance muscle
oxygen utilization, which may partly explain the improvement in muscular strength and
endurance, and the reduction of muscle fatigue in patients with breast cancer during the
adjuvant chemotherapy period. Our data have important clinical implications, showing that a
well-adjusted and varied exercise protocol combined with muscle electrostimulation has bene-
ficial effects, in particular on reducing fatigue, improving physical fitness and autonomy during
the chemotherapy treatment period in women with breast cancer.

Conflict of interest: The authors declare that they have no conflict of interest.

Funding statements: This study was supported by the “Association des “Malades de cancer”
(AMC, Tunisia), and did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Ethical approval: The article has received ethics approval from the Institutional Review Board of
the Medical Center Salah Azaiez of Tunisia (Ref: ISA/2016/01bis) in accordance with the ethical
standards of the institutional and national research committee and with the 1964 Helsinki
declaration. Written informed consent was obtained from all participants and confidentiality
was maintained throughout the study.

ACKNOWLEDGMENTS

The authors express their gratitude to all the patients who participated in the study, and would
like to thank Dr. Chokri Smaoui for his valuable help in going through the article to check for
any language inaccuracies.

REFERENCES

1. Hofman M, Ryan JL, Figueroa-Moseley CD, Jean-Pierre P, Morrow GR. Cancer-related fatigue: the scale of

the problem. Oncologist 2007; 12(Suppl. 1): 4–10. https://doi.org/10.1634/theoncologist.12-s1-4.

Physiology International 109 (2022) 2, 246–260 257

https://doi.org/10.1634/theoncologist.12-s1-4


2. Oberoi S, Robinson PD, Cataudella D, Culos-Reed SN, Davis H, Duong N, et al. Physical activity reduces

fatigue in patients with cancer and hematopoietic stem cell transplant recipients: a systematic review and

meta-analysis of randomized trials. Crit Rev Oncol Hematol 2018; 122: 52–9. https://doi.org/10.1016/j.

critrevonc.2017.12.011.

3. Dimeo F, Schwartz S, Wesel N, Voigt A, Thiel E. Effects of an endurance and resistance exercise program on

persistent cancer-related fatigue after treatment. Ann Oncol 2008; 19(8): 1495–9. https://doi.org/10.1093/

annonc/mdn068.

4. Monga U, Jaweed M, Kerrigan AJ, Lawhon L, Johnson J, Vallbona C, et al. Neuromuscular fatigue in prostate

cancer patients undergoing radiation therapy. Arch Phys Med Rehabil 1997; 78(9): 961–6. https://doi.org/10.

1016/s0003-9993(97)90058-7.

5. Yavuzsen T, Davis MP, Ranganathan VK, Walsh D, Siemionow V, Kirkova J, et al. Cancer-related fatigue:

central or peripheral? J Pain Symptom Manage 2009; 38(4): 587–96. https://doi.org/10.1016/j.jpainsymman.

2008.12.003.

6. Bruera E, Brenneis C, Michaud M, Jackson PI, MacDonald RN. Muscle electrophysiology in patients with

advanced breast cancer. J Natl Cancer Inst 1988; 80(4): 282–5. https://doi.org/10.1093/jnci/80.4.282.

7. Bossola M, Pacelli F, Tortorelli A, Rosa F, Doglietto G. Skeletal muscle in cancer cachexia: the ideal target of

drug therapy. Curr Cancer Drug Targets 2008; 8(4): 285–98. https://doi.org/10.2174/156800908784533463.

8. Levine BD, Zuckerman JH, Pawelczyk JA. Cardiac atrophy after bed-rest deconditioning: a nonneural

mechanism for orthostatic intolerance. Circulation 1997; 96(2): 517–25. https://doi.org/10.1161/01.cir.96.2.

517.

9. Tirdel GB, Girgis R, Fishman RS, Theodore J. Metabolic myopathy as a cause of the exercise limitation in lung

transplant recipients. J Heart Lung Transpl 1998; 17(12): 1231–7.

10. Breil M, Chariot P. Muscle disorders associated with cyclosporine treatment. Muscle Nerve 1999; 22(12):

1631–6. https://doi.org/10.1002/(sici)1097-4598(199912)22:12<1631::aid-mus3>3.0.co;2-v.

11. Ederer AK, Didier KD, Reiter LK, Brown M, Hardy R, Caldwell J, et al. Influence of adjuvant therapy in

cancer survivors on endothelial function and skeletal muscle deoxygenation. PLoS One 2016; 11(1): e0147691.

https://doi.org/10.1371/journal.pone.0147691.

12. Flodgren GM, Crenshaw AG, Hellström F, Fahlström M. Combining microdialysis and near-infrared spec-

troscopy for studying effects of low-load repetitive work on the intramuscular chemistry in trapezius myalgia.

J Biomed Biotechnol 2010; 2010: 513803. https://doi.org/10.1155/2010/513803.

13. Sjøgaard G, Rosendal L, Kristiansen J, Blangsted AK, Skotte J, Larsson B, et al. Muscle oxygenation and

glycolysis in females with trapezius myalgia during stress and repetitive work using microdialysis and NIRS.

Eur J Appl Physiol 2009; 108(4): 657–69. https://doi.org/10.1007/s00421-009-1268-2.

14. Andersen C, Rørth M, Ejlertsen B, Stage M, Møller T, Midtgaard J, et al. The effects of a six-week supervised

multimodal exercise intervention during chemotherapy on cancer-related fatigue. Eur J Oncol Nurs 2013;

17(3): 331–9. https://doi.org/10.1016/j.ejon.2012.09.003.

15. Battaglini C, Bottaro M, Dennehy C, Barfoot D, Shields E, Kirk D, et al. The effects of resistance training on

muscular strength and fatigue levels in breast cancer patients. Rev Bras Med Esporte 2006; 12(3): 153–8.

https://doi.org/10.1590/s1517-86922006000300009.

16. Steindorf K, Schmidt ME, Klassen O, Ulrich CM, Oelmann J, Habermann N, et al. Randomized, controlled

trial of resistance training in breast cancer patients receiving adjuvant radiotherapy: results on cancer-related

fatigue and quality of life. Ann Oncol 2014; 25(11): 2237–43. https://doi.org/10.1093/annonc/mdu374.

17. Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD, Friedenreich CM, et al. Effects of aerobic and

resistance exercise in breast cancer patients receiving adjuvant chemotherapy: a multicenter randomized

controlled trial. J Clin Oncol 2007; 25(28): 4396–404. https://doi.org/10.1200/jco.2006.08.2024.

258 Physiology International 109 (2022) 2, 246–260

https://doi.org/10.1016/j.critrevonc.2017.12.011
https://doi.org/10.1016/j.critrevonc.2017.12.011
https://doi.org/10.1093/annonc/mdn068
https://doi.org/10.1093/annonc/mdn068
https://doi.org/10.1016/s0003-9993(97)90058-7
https://doi.org/10.1016/s0003-9993(97)90058-7
https://doi.org/10.1016/j.jpainsymman.2008.12.003
https://doi.org/10.1016/j.jpainsymman.2008.12.003
https://doi.org/10.1093/jnci/80.4.282
https://doi.org/10.2174/156800908784533463
https://doi.org/10.1161/01.cir.96.2.517
https://doi.org/10.1161/01.cir.96.2.517
https://doi.org/10.1002/(sici)1097-4598(199912)22:12%3c1631::aid-mus3%3e3.0.co;2-v
https://doi.org/10.1371/journal.pone.0147691
https://doi.org/10.1155/2010/513803
https://doi.org/10.1007/s00421-009-1268-2
https://doi.org/10.1016/j.ejon.2012.09.003
https://doi.org/10.1590/s1517-86922006000300009
https://doi.org/10.1093/annonc/mdu374
https://doi.org/10.1200/jco.2006.08.2024


18. Mancini DM, Bolinger L, Li H, Kendrick K, Chance B, Wilson JR. Validation of near-infrared spectroscopy in

humans. J Appl Physiol 1994; 77(6): 2740–7. https://doi.org/10.1152/jappl.1994.77.6.2740.

19. Grassi B, Pogliaghi S, Rampichini S, Quaresima V, Ferrari M, Marconi C, et al. Muscle oxygenation and

pulmonary gas exchange kinetics during cycling exercise on-transitions in humans. J Appl Physiol 2003;

95(1): 149–58. https://doi.org/10.1152/japplphysiol.00695.2002.

20. Spencer MD, Murias JM, Paterson DH. Characterizing the profile of muscle deoxygenation during ramp

incremental exercise in young men. Eur J Appl Physiol 2012; 112(9): 3349–60. https://doi.org/10.1007/

s00421-012-2323-y.

21. Dimeo FC. Effects of exercise on cancer-related fatigue. Cancer 2001; 92(S6): 1689–93. https://doi.org/10.

1002/1097-0142(20010915)92:6þ<1689::aid-cncr1498>3.0.co;2-h.

22. Leung TS, Wittekind A, Binzoni T, Beneke R, Cooper CE, Elwell CE. Muscle oxygen saturation measured

using “cyclic NIR signals” during exercise. Adv Exp Med Biol 2010; 662: 183–9. https://doi.org/10.1007/978-

1-4419-1241-1_26.

23. Davis ML, Barstow TJ. Estimated contribution of hemoglobin and myoglobin to near infrared spectroscopy.

Respir Physiol Neurobiol 2013; 186(2): 180–7. https://doi.org/10.1016/j.resp.2013.01.012.

24. Gulati M, Shaw LJ, Thisted RA, Black HR, Bairey Merz CN, Arnsdorf MF. Heart rate response to exercise

stress testing in asymptomatic women. The St. James Women Take Heart Project. Circulation 2010; 122(2):

130–7. https://doi.org/10.1161/circulationaha.110.939249.

25. Gruther W, Zorn C, Paternostro-Sluga T, Quittan M, Spiss C, Kainberger F, et al. Effects of neuromuscular

electrical stimulation on muscle layer thickness of knee extensor muscles in intensive care unit patients: a pilot

study. J Rehabil Med 2010; 42(6): 593–7. https://doi.org/10.2340/16501977-0564.

26. Hopkins W. A scale of magnitudes for effect Statistics. A new view of Statistics, 2002 [cited 2022 Febr 19].

Available from: http://www.sportsci.org/resource/stats/effectmag.html.

27. Ng AV. The underrecognized role of impaired muscle function in cancer-related fatigue. J Support Oncol

2010; 8(4): 177–8.

28. Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL, Courneya KS, et al. Exercise

guidelines for cancer survivors: consensus statement from international multidisciplinary roundtable. Med Sci

Sports Exerc 2019; 51(11): 2375–90. https://doi.org/10.1249/MSS.0000000000002116.

29. Quaresima V, Lepanto R, Ferrari M. The use of near infrared spectroscopy in sports medicine. J Sports Med

Phys Fitness 2003; 43(1): 1–13.

30. Felici F, Quaresima V, Fattorini L, Sbriccoli P, Filligoi GC, Ferrari M. Biceps brachii myoelectric and

oxygenation changes during static and sinusoidal isometric exercises. J Electromyogr Kinesiol 2009; 19(2):

e1–11. https://doi.org/10.1016/j.jelekin.2007.07.010.

31. Crenshaw AG, Elcadi GH, Hellstrom F, Mathiassen SE. Reliability of near-infrared spectroscopy for

measuring forearm and shoulder oxygenation in healthy males and females. Eur J Appl Physiol 2011; 112(7):

2703–15. https://doi.org/10.1007/s00421-011-2244-1.

32. Quaresima V, Homma S, Azuma K, Shimizu S, Chiarotti F, Ferrari M, et al. Calf and shin muscle

oxygenation patterns and femoral artery blood flow during dynamic plantar flexion exercise in humans. Eur J

Appl Physiol 2001; 84(5): 387–94. https://doi.org/10.1007/s004210100390.

33. Kahn JF, Jouanin JC, Bussière JL, Tinet E, Avrillier S, Ollivier JP, et al. The isometric force that induces

maximal surface muscle deoxygenation. Eur J Appl Physiol Occup Physiol 1998; 78(2): 183–7. https://doi.org/

10.1007/s004210050405.

34. Hogan MC, Richardson RS, Kurdak SS. Initial fall in skeletal muscle force development during ischemia

is related to oxygen availability. J Appl Physiol 1994; 77(5): 2380–4. https://doi.org/10.1152/jappl.1994.77.5.

2380.

Physiology International 109 (2022) 2, 246–260 259

https://doi.org/10.1152/jappl.1994.77.6.2740
https://doi.org/10.1152/japplphysiol.00695.2002
https://doi.org/10.1007/s00421-012-2323-y
https://doi.org/10.1007/s00421-012-2323-y
https://doi.org/10.1002/1097-0142(20010915)92:6+%3c1689::aid-cncr1498%3e3.0.co;2-h
https://doi.org/10.1002/1097-0142(20010915)92:6+%3c1689::aid-cncr1498%3e3.0.co;2-h
https://doi.org/10.1002/1097-0142(20010915)92:6+%3c1689::aid-cncr1498%3e3.0.co;2-h
https://doi.org/10.1007/978-1-4419-1241-1_26
https://doi.org/10.1007/978-1-4419-1241-1_26
https://doi.org/10.1016/j.resp.2013.01.012
https://doi.org/10.1161/circulationaha.110.939249
https://doi.org/10.2340/16501977-0564
http://www.sportsci.org/resource/stats/effectmag.html
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1016/j.jelekin.2007.07.010
https://doi.org/10.1007/s00421-011-2244-1
https://doi.org/10.1007/s004210100390
https://doi.org/10.1007/s004210050405
https://doi.org/10.1007/s004210050405
https://doi.org/10.1152/jappl.1994.77.5.2380
https://doi.org/10.1152/jappl.1994.77.5.2380


35. Katayama K, Amann M, Pegelow DF, Jacques AJ, Dempsey JA. Effect of arterial oxygenation on quadriceps

fatigability during isolated muscle exercise. Am J Physiol Regul Integr Comp Physiol 2007; 292(3): R1279–86.

https://doi.org/10.1152/ajpregu.00554.2006.

36. Snyder-Mackler L, Delitto A, Bailey SL, Stralka SW. Strength of the quadriceps femoris muscle and functional

recovery after reconstruction of the anterior cruciate ligament. A prospective, randomized clinical trial of elec-

trical stimulation. J Bone Joint Surg 1995; 77(8): 1166–73. https://doi.org/10.2106/00004623-199508000-00004.

37. Stevens JE, Mizner RL, Snyder-Mackler L. Neuromuscular electrical stimulation for quadriceps muscle

strengthening after bilateral total knee arthroplasty: a case series. J Orthop Sports Phys Ther 2004; 34(1):

21–9. https://doi.org/10.2519/jospt.2004.34.1.21.

38. Vivodtzev I, Pépin J-L, Vottero G, Mayer V, Porsin B, Lévy P, et al. Improvement in quadriceps strength and

dyspnea in daily tasks after 1 month of electrical stimulation in severely deconditioned and malnourished

COPD. Chest 2006; 129(6): 1540–8. https://doi.org/10.1378/chest.129.6.1540.

39. Deley G, Eicher JC, Verges B, Wolf JE, Casillas JM. Do low-frequency electrical myostimulation and aerobic

training similarly improve performance in chronic heart failure patients with different exercise capacities? J

Rehabil Med 2008; 40(3): 219–24. https://doi.org/10.2340/16501977-0153.

40. Snyder-Mackler L, Delitto A, Stralka SW, Bailey SL. Use of electrical stimulation to enhance recovery of

quadriceps femoris muscle force production in patients following anterior cruciate ligament reconstruction.

Phys Ther 1994; 74(10): 901–7. https://doi.org/10.1093/ptj/74.10.901.

41. Bax L, Staes F, Verhagen A. Does neuromuscular electrical stimulation strengthen the quadriceps femoris? A

systematic review of randomised controlled trials. Sports Med 2005; 35(3): 191–212. https://doi.org/10.2165/

00007256-200535030-00002.

42. McArdle WD, Katch FI, Katch VL. Exercise physiology: nutrition, energy and human performance. 7th ed.

Philadelphia, PA: Lippincott Williams & Wilkins; 2009.

43. Armutlu K, Cetisli Korkmaz N, Keser I, Sumbuloglu V, Irem Akbiyik D, Guney Z, et al. The validity and

reliability of the Fatigue Severity Scale in Turkish multiple sclerosis patients. Int J Rehabil Res 2007; 30(1):

81–5. https://doi.org/10.1097/mrr.0b013e3280146ec4.

44. Burgomaster KA, Heigenhauser GJF, Gibala MJ. Effect of short-term sprint interval training on human

skeletal muscle carbohydrate metabolism during exercise and time-trial performance. J Appl Physiol 2006;

100(6): 2041–7. https://doi.org/10.1152/japplphysiol.01220.2005.

45. Gibala MJ, Little JP, van Essen M, Wilkin GP, Burgomaster KA, Safdar A, et al. Short-term sprint interval

versus traditional endurance training: similar initial adaptations in human skeletal muscle and exercise

performance. J Physiol 2006; 575(Pt 3): 901–11. https://doi.org/10.1113/jphysiol.2006.112094.

46. Mijwel S, Cardinale DA, Norrbom J, Chapman M, Ivarsson N, Wengström Y, et al. Exercise training during

chemotherapy preserves skeletal muscle fiber area, capillarization, and mitochondrial content in patients with

breast cancer. FASEB J 2018; 32(10): 5495–505. https://doi.org/10.1096/fj.201700968r.

47. Schutz S, Aidar FJ, Souza RLM, Dos Santos JL, Voltarelli FA, Vieira Junior RC, et al. Different methods of

physical training applied to women breast cancer survivors: a systematic review. Front Physiol 2021; 12:

639406. https://doi.org/10.3389/fphys.2021.639406.

48. Kim TH, Chang JS, Kong ID. Effects of exercise training on physical fitness and biomarker levels in breast

cancer survivors. J Lifestyle Med 2017; 7(2): 55–62. https://doi.org/10.15280/jlm.2017.7.2.55.

49. Hiraoui M, Al-Haddabi B, Gmada N, Doutrellot PL, Mezlini A, Ahmaidi S. Effects of combined supervised

intermittent aerobic, muscle strength and home-based walking training programs on cardiorespiratory re-

sponses in women with breast cancer. Bull Cancer 2019; 106(6): 527–37. https://doi.org/10.1016/j.bulcan.

2019.03.014.

260 Physiology International 109 (2022) 2, 246–260

https://doi.org/10.1152/ajpregu.00554.2006
https://doi.org/10.2106/00004623-199508000-00004
https://doi.org/10.2519/jospt.2004.34.1.21
https://doi.org/10.1378/chest.129.6.1540
https://doi.org/10.2340/16501977-0153
https://doi.org/10.1093/ptj/74.10.901
https://doi.org/10.2165/00007256-200535030-00002
https://doi.org/10.2165/00007256-200535030-00002
https://doi.org/10.1097/mrr.0b013e3280146ec4
https://doi.org/10.1152/japplphysiol.01220.2005
https://doi.org/10.1113/jphysiol.2006.112094
https://doi.org/10.1096/fj.201700968r
https://doi.org/10.3389/fphys.2021.639406
https://doi.org/10.15280/jlm.2017.7.2.55
https://doi.org/10.1016/j.bulcan.2019.03.014
https://doi.org/10.1016/j.bulcan.2019.03.014

	Outline placeholder
	Effects of multimodal training program on muscle deoxygenation in women with breast cancer: A randomized controlled trial
	Introduction
	Material and methods
	Patients
	Protocol
	Quadriceps muscle strength
	NIRS signal acquisition and analysis
	Training program
	Statistical analysis

	Results
	Discussion
	Study limitations
	Conclusion
	Acknowledgments
	References


