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ABSTRACT

Breast cancer remains the most frequently diagnosed malignancy among women worldwide. Although surgical approaches,
being the first-line treatment in most cases of breast cancer, such as mastectomy and breast-conserving therapy (BCT), often
combined with sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND), are critical for disease
management, they are often accompanied by a range of physical, psychological, and functional challenges that persist well
beyond the perioperative period. Throughout recent years, structured physical activity has gained recognition as a non-
pharmacological intervention aimed in reducing adverse effects adverse effects of surgical intervention in breast cancer. This
narrative review summarizes findings from studies published between 2002 and 2025 about the role of physical activity in
breast cancer treatment, focusing specifically on the postoperative period. The findings show a range of physical activities
and how some of them can support recovery after surgery. They can improve lymphatic and musculoskeletal function. They
also help reduce cancer-related fatigue, pain, and emotional distress. Of note, the extent of benefit varies depending on the
type of surgical procedure. For example mastectomy patients generally requiring more extensive rehabilitation than those
after regular BCT. Despite all these differences, individualized exercise programs have been associated with significant
improvements across diverse clinical contexts. Given its proven efficacy and safety, physical activity should be regarded as
a intrinsic element of integrative breast cancer care, included in both perioperative protocols and long-term survivorship
plans. Future studies should focus on developing precision-based exercise models. They should also explore the biological
mechanisms that connect specific movements to recovery and resilience.
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1. Introduction

Breast cancer is the most commonly diagnosed cancer in women. In 2022, there were around 2.3 million
new cases and nearly 666,000 deaths worldwide, according to the GLOBOCAN 2022 estimates (Filho et al.,
2025). Thanks to earlier detection and more effective treatments, survival rates have substantially improved.
Consequently, people are becoming more aware of the long-term physical and psychological effects of breast
cancer treatment (Janz et al., 2005; Silver et al., 2013). Among the major treatment options, surgery, which
includes breast-conserving therapy (BCT) with radiotherapy or total mastectomy, is crucial for controlling
early-stage breast cancer. Long-term randomized trials indicate that survival outcomes are similar for both
techniques. This supports using BCT for eligible patients (Veronesi et al., 2002).

The physical effects of breast cancer surgery are often neglected. Beyond the immediate changes from
tissue removal, axillary procedures, and reconstructive surgeries, many patients deal with ongoing issues such
as reduced shoulder movement, lymphedema, poor posture, nerve pain, and cancer-related fatigue (Shamley
etal., 2012; Schmitz et al., 2010a; McNeely et al., 2010). These problems extend beyond physical challenges;
they can also impact emotional well-being, work life, body image, and overall quality of life (Janz et al., 2005;
Silver et al., 2013; Rietman et al., 2006). Importantly, even in the absence of clear lymphedema, subtle issues
in the upper arm and hand—Ilike limited movement, weaker muscles, and sensory problems—can disrupt daily
activities and might persist for months or years after treatment. These outcomes emphasize the need for early
and widespread rehabilitation efforts. Thus, there is increasing attention on safe, non-drug methods,
particularly structured physical activity, as an established way to address the complex challenges of breast
cancer survivorship (Schmitz et al., 2010a; Courneya et al., 2007).
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In recent years, exercise oncology has gained more importance. It showcases the healing benefits of
regular physical activity for prevention, treatment, recovery, and survivorship (Schmitz et al., 2010a).
Lymphedema is one of the toughest side effects of breast cancer treatment, impacting up to 30% of patients
after axillary surgery. Physical activity, previously thought to be harmful, is now recognized as a safe and
effective means to manage lymphedema. It can boost lymphatic flow and reduce limb volume without
worsening symptoms (Johansson et al., 2005; DiSipio et al., 2013; Campbell et al., 2019).

Structured exercise has also been shown to enhance cardiovascular function, maintain lean body mass,
decrease inflammation, and potentially influence tumor biology through immune and hormone pathways
(Campbell et al., 2019; Jones & Alfano, 2013; Dieli-Conwright & Orozco, 2015; He et al., 2024). These
findings support the inclusion of personalized exercise programs as a regular part of survivorship care for
breast cancer patients at risk for or affected by lymphedema.

Despite growing evidence supporting the role of physical activity in breast cancer care, limited research
exists on how exercise interventions differ based on surgical methods like mastectomy, breast-conserving
therapy (BCT), or reconstructive procedures. Many studies affirm the benefits of physical activity during
cancer treatment. However, few have closely examined how the type and timing of exercise interact with
specific surgical approaches (Kim et al., 2019; Vohra et al., 2023; McNeely et al., 2006). This review aims to
consolidate current scientific knowledge on how structured physical activity relates to surgical treatment
options in breast cancer. It will focus on physiological mechanisms, clinical outcomes, and future directions
for personalized rehabilitation strategies (Silver et al., 2013; Schmitz et al., 2019).

2. Surgical Modalities in Breast cancer

Surgical treatment of breast cancer is essential for controlling local disease. It involves the complete
removal of the primary tumor and allows for accurate pathological staging (Veronesi et al., 2002). The choice
of primary surgical options depends on tumor biology, how far the disease has progressed, and patient
preferences. These options include breast-conserving therapy (BCT), total mastectomy, and mastectomy with
immediate or delayed reconstruction (Dauplat et al., 2017; Pacari¢ et al., 2022; He et al., 2024).

BCT usually requires follow-up radiotherapy. It tends to have a shorter recovery time and better body image
outcomes. In contrast, mastectomy might be necessary for multifocal tumors, patients with BRCA mutations, or
when radiotherapy is not an option (Witmanowski & Budner, 2024; National Cancer Institute, 2024). Each surgical
approach brings different physical and mechanical challenges, affecting postoperative issues, the likelihood of
complications like lymphedema, and when physical rehabilitation can begin (Shamley et al., 2012; Carr et al., 2024).
Understanding these differences is important for designing exercise-based interventions, as these must align with
recovery progress and expected functional limitations (Silver et al., 2013).

2.1 Breast-Conserving Therapy (BCT)

Breast-conserving therapy (BCT) involves removing the tumor along with a margin of healthy tissue.
This is usually followed by radiation therapy. BCT has become a standard treatment for early-stage breast
cancer because it provides the same cancer control as mastectomy while offering better cosmetic results. It
helps maintain breast integrity and boosts patient body image (Veronesi et al., 2002). Several studies show that
BCT leads to shorter hospital stays, fewer complications during surgery, and improved quality of life compared
to total mastectomy (Dauplat et al., 2017; Vohra et al., 2023; He et al., 2024).

However, BCT does have its drawbacks. Side effects from radiation therapy, such as skin hardening,
small blood vessel changes, and localized pain, can affect soft tissue flexibility and arm movement (Bourgeois
et al., 2003; Williams et al., 2019; Harris, 2024). Additionally, although rare, radiation can cause brachial
plexopathy, leading to nerve pain, numbness, and long-term movement issues. This makes rehabilitation much
more complicated (Harris, 2024). Furthermore, capsular contracture after radiation in reconstructed patients
can restrict shoulder movement and hinder physical therapy (Nava et al., 2019).

2.2 Total Mastectomy

Mastectomy, which is the complete removal of breast tissue, remains the preferred surgical choice for
multicentric tumors, patients who cannot have radiotherapy, those with BRCA1/2 mutations, and when patients
prefer this option. Techniques range from simple mastectomies to skin-sparing and nipple-sparing
mastectomies. Each method offers different levels of aesthetic and functional preservation (Witmanowski &
Budner, 2024; National Cancer Institute, 2024).
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Compared to breast-conserving therapy (BCT), mastectomy generally involves a longer recovery period,
more significant shoulder issues, thoracic adhesions, phantom breast syndrome, and psychological effects,
such as body image concerns and post-traumatic stress (Janz et al., 2005; Vilholm et al., 2008; Wu et al., 2016).
It is also important to note that axillary lymph node dissection (ALND) is often done at the same time as
mastectomy. This procedure greatly raises the risk of lymphedema, which is one of the most common long-
term complications. It affects up to 30% of patients, depending on the assessment method and how long they
are followed (McLaughlin et al., 2008; DiSipio et al., 2013).

The greater level of surgical trauma in mastectomy patients leads to more serious upper limb function
problems. This highlights the urgent need for early physical rehabilitation. Well-structured physical activity
and specific physiotherapy programs are key to improving shoulder motion, reducing pain, and avoiding
harmful compensatory movement patterns (Lauridsen et al., 2005).

2.3 Mastectomy with Immediate or Delayed Reconstruction

Breast reconstruction can be done with either implant-based or autologous tissue methods, and can
happen at the same time as the primary surgery or later. While reconstruction can improve psychological well-
being and body image, it also comes with longer surgery times, more days in the hospital, and higher
complication rates, especially when it is done alongside radiotherapy (Pacari¢ et al., 2022; Jagsi et al., 2016;
Nava et al., 2019; Guliyeva et al., 2022).

Autologous techniques, especially the deep inferior epigastric perforator (DIEP) flap, provide more
natural-looking results but require complex microsurgery and a longer recovery period (Garvey et al., 2006;
Guinier et al., 2023). Patients who have these procedures often face reduced mobility not just in the chest area
but also at the donor site. This limitation demands focused rehabilitation to improve flexibility, core strength,
and muscle balance (Dieli-Conwright & Orozco, 2015; Sander et al., 2012; Carr et al., 2024).

Studies show that while long-term satisfaction with reconstruction may increase, the early recovery
phase often experiences greater functional limitations compared to mastectomy alone, unless early
rehabilitation is started (Nesvold et al., 2008; Shamley et al., 2012; Kim et al., 2019). Therefore, rehabilitation
specialists need to customize exercise plans based on the type of reconstruction, surgical scarring, implant
placement, and the chance of delayed wound healing.

3. Physiological and Functional Consequences of Surgery

Surgical treatment for breast cancer is effective in controlling local tumors, but it often leads to various
physical and functional issues. These can include problems with upper limb movement, balance, lung
expansion, and overall physical ability. If these complications are not addressed quickly and systematically,
they can hinder recovery, daily activities, and overall quality of life (Shamley et al., 2012; Silver et al., 2013;
Dieli-Conwright & Orozco, 2015). Therefore, combining specific physical rehabilitation strategies with
regular cancer care is crucial to reduce these effects and promote long-term survival.

3.1 Musculoskeletal Impairments

Post-surgical problems in musculoskeletal function are some of the most common complications after
breast surgery. These problems include limited shoulder range of motion (ROM), scapular dyskinesis, rotator
cuff dysfunction, and stiffness in the thoracic spine (Rietman et al., 2006). Disruption of pectoral and axillary
structures during surgery, along with protective postures and lack of use, leads to soft tissue adhesions and
muscle imbalances (Shamley et al., 2012).

Scapular misalignment and changes in neuromuscular coordination are often seen, especially after
mastectomy and axillary lymph node dissection (ALND). These issues can last long after the wounds have
healed, potentially causing chronic compensatory patterns unless addressed by early physical therapy
(Harrington et al., 2013; Carr et al., 2024). Additionally, pain from incisions and axillary cord syndrome (also
called cording) make movement limitations and fear of movement worse (Koehler et al., 2018).

3.2 Lymphedema and Vascular Complications

Lymphedema is one of the most challenging effects of breast cancer surgery, especially for patients who
have axillary lymph node dissection (ALND) or regional radiotherapy. It occurs because of the disruption in
lymphatic drainage pathways and can appear months or even years after treatment (DiSipio et al., 2013).
Clinically, lymphedema shows up as chronic swelling, a feeling of heaviness, tight skin, and a higher risk of
infections like cellulitis in the affected arm.
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Estimates indicate that 20 to 30% of patients develop lymphedema after axillary clearance. Its
prevalence is affected by the duration of follow-up, body mass index, and additional therapies (McLaughlin et
al., 2008). This condition greatly reduces physical ability and often needs ongoing management, which may
include compression garments, manual lymphatic drainage, and customized exercise programs (Fu et al.,
2015).

Importantly, new evidence shows that supervised physical activity does not worsen lymphedema and
may even improve lymphatic flow and manage symptoms (Brown et al., 2012; Cormie et al., 2013). Resistance
and aerobic training, when tailored correctly, are increasingly recommended as safe and useful parts of
lymphedema management plans (Campbell et al., 2019; Hasenoehrl et al., 2020). Recent meta-analyses support
that structured exercise leads to better outcomes in limb volume, strength, and quality of life without raising
risk (Singh et al., 2016; Schmitz et al., 2019).

These findings are now included in international guidelines that encourage adding physical activity to
routine survivorship care. This highlights its role not only in managing lymphedema but also in enhancing
overall recovery and cancer outcomes (Schmitz et al., 2019; Hayes et al., 2009).

3.3 Pain Syndromes and Sensory Changes

Post-mastectomy pain syndrome (PMPS) affects up to 50% of patients. It may show up as neuropathic
pain, numbness, tingling, or burning sensations in the chest wall, armpit, or upper arm (Vilholm et al., 2008).
The causes of PMPS are complex. They include nerve injury, most often to the intercostobrachial nerve,
tension from scar tissue, and psychological factors such as anxiety, depression, and avoidance behaviors
(Andersen & Kehlet, 2011; Stubblefield & Keole, 2014).

Poor pain management during the early recovery period may restrict movement. This can lead to
compensatory movement patterns and a higher risk of long-term disability. Additionally, many patients report
sensory problems after mastectomy and reconstructive surgeries. These issues, such as reduced sensation and
abnormal sensations, often disrupt body awareness and coordination in the arm (Nesvold et al., 2008).

New research indicates that implant-based reconstruction might lead to higher rates of ongoing pain.
This could be due to the body reacting to the implants, the formation of scar tissue, and irritation of nearby
nerves (Guliyeva et al., 2022). Rehabilitation efforts should not only aim to restore motor function but also
include methods for desensitization, nerve mobilization, and personalized pain education. Early intervention
by a team that includes physiotherapy, psychoeducation, and occupational therapy is vital to reducing long-
term issues.

3.4 Psychophysiological and Systemic Effects

Beyond local impairments, surgical treatment for breast cancer affects the body's overall systems and
mental health. Breast cancer survivors often deal with chronic fatigue, insomnia, lower fitness levels, and
muscle weakness (Courneya et al., 2007; Mustian et al., 2017; Alfano et al., 2009). These issues are partly
caused by higher levels of inflammatory substances, like IL-6 and TNF-a, which lead to fatigue and muscle
loss (Kim et al., 2020; Rock et al., 2022).

On a psychological level, a cancer diagnosis and treatment—along with surgical changes and issues
with body image—can lead to anxiety, depression, low self-confidence, and avoidance behaviors. These
factors can hinder participation in rehabilitation programs (Janz et al., 2005; Silver et al., 2013). A
biopsychosocial rehabilitation approach is vital to regain independence. Exercise can help improve mood and
counteract physical decline by influencing neuroendocrine function (Schmitz et al., 2019; Ridner, 2009).

Therefore, support from various professionals and tailored activity plans are essential for enhancing both
physical and emotional recovery in breast cancer survivors.

4. The Role of Physical Activity in Recovery and Survivorship

Physical activity (PA) is increasingly seen as a key part of recovery and long-term care for breast cancer
patients. The American College of Sports Medicine (ACSM) and several international oncology groups now
support structured exercise as an important therapy to reduce treatment side effects, improve function, and
enhance quality of life (Campbell et al., 2019; Schmitz et al., 2010a; Hayes et al., 2009; Schmitz et al., 2019).

These guidelines also stress that exercise programs should be personalized based on each patient's
situation, which includes their health conditions, treatment stage, and surgical history (He et al., 2024; Veronesi
et al., 2002). Research shows that patients who undergo breast-conserving surgery often keep more physical
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function after surgery than those who have a mastectomy. This difference can affect their rehabilitation paths
and how well they tolerate exercise (Shamley et al., 2012; Janz et al., 2005).

New evidence also supports exercise for tackling cancer-related fatigue, boosting mental health, and
preventing long-term disability. This makes PA a fundamental part of survivorship planning (Mustian et al.,
2017; Silver et al., 2013; Rock et al., 2022). Therefore, physical activity is not just an addition but a crucial,
evidence-backed treatment in overall breast cancer care.

4.1 Exercise Modalities and Their Mechanisms

Physical rehabilitation for breast cancer survivors must address physical deconditioning and post-
surgical limitations as well as the systemic effects of chemotherapy, endocrine therapy, and radiotherapy.
Different forms of exercise offer unique physiological benefits, which, especially when combined, improve
recovery, functionality, and long-term survivorship.

Aerobic Training

Aerobic activities such as brisk walking, cycling, and swimming significantly improve cardiorespiratory
fitness (VO:2 max), reduce cancer-related fatigue (CRF), and improve lymphatic return. This is crucial for
patients with or at risk of upper-limb lymphedema after axillary surgery (Courneya et al., 2007; Schmitz et al.,
2010a; Schmitz et al., 2010b; Singh et al., 2016; Kim et al., 2009). Meta-analyses consistently show that 90—
150 minutes per week of moderate-intensity aerobic exercise reduces CRF and may decrease systemic
inflammation by lowering IL-6 and TNF-a levels (Schmitz et al., 2010b; Singh et al., 2016; Kim et al., 2009;
McNeely et al., 2006; Kim et al., 2020).

Resistance Training

Resistance training using weights or elastic bands helps maintain or increase lean body mass, muscle
strength, and bone mineral density, which counteracts sarcopenia and osteopenia, common side effects of
endocrine therapy such as aromatase inhibitors and corticosteroid use (Winters-Stone et al., 2012; Cheema et
al., 2014). Structured resistance programs conducted 2—-3 times a week have shown to be safe and effective,
even for women with existing lymphedema. These programs consistently lead to improvements in upper and
lower body strength without negatively affecting limb volume or exacerbating lymphedema (Hasenoehrl et al.,
2020; Cormie et al., 2013). Additionally, resistance exercise may positively impact metabolic biomarkers like
insulin and IGF-1, which can further enhance survivorship outcomes (Schmitz et al., 2005). A recent meta-
analysis reported a 47% reduction in the risk of worsening lymphedema (OR 0.53), along with significant
increases in strength (SMD =0.57 upper body, 0.48 lower body) (Hasenoehrl et al., 2020).

Flexibility and Mobility Exercises

Post-surgical shoulder stiffness and capsular tightness can be alleviated with mobility exercises such as
pendulum swings, wall climbs, and shoulder elevations. These help restore range of motion, correct posture,
and decrease myofascial pain (Kim et al., 2019; McNeely et al., 2006). When combined with resistance
training, these programs lead to better functional recovery in older breast cancer survivors (Winters-Stone et
al., 2012).

Mind-Body Practices (Yoga, Tai Chi, Pilates)

Mind-body interventions promote relaxation, lower cortisol levels, and support emotional health, body
image, and sleep quality (Buffart et al., 2012; Cramer et al., 2012). While there are fewer randomized
controlled trials (RCTs) compared to conventional exercise, systematic reviews confirm that 6-12 week yoga
programs reduce fatigue, anxiety, and pain while improving quality of life with minimal physical stress. These
benefits are notably important for patients unable to participate in higher-intensity activities. Furthermore,
mind-body practices help in achieving autonomic balance and enhance readiness for broader rehabilitation
strategies (Schmitz et al., 2019; Rock et al., 2022; Silver et al., 2013).

Integration and Mechanistic Pathways

A multimodal approach that combines aerobic, resistance, flexibility, and mind-body exercises is most
effective. It improves cardiovascular fitness, muscle strength, range of motion, and mental health (Kim et al.,
2009; Winters-Stone et al., 2012; Hasenoehrl et al., 2020; Buffart et al., 2012). Mechanically, these
interventions reduce systemic inflammation (CRP, IL-6, TNF-a), enhance immune function through NK cell
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activity, improve insulin sensitivity and estrogen metabolism, support mitochondrial and endothelial changes,
and regulate the hypothalamic-pituitary-adrenal (HPA) axis, which helps to lower fatigue (Garcia-Chico et al.,
2023). These effects likely lead to better disease-free survival and overall survival in physically active patients
compared to those who are sedentary (Campbell et al., 2019; McNeely et al., 2006).

4.2 Timing and Progression of Rehabilitation

The timing and progression of physical activity interventions play a crucial role in their effectiveness
following surgical treatment. Early mobilization, which starts within 24 to 48 hours after surgery, has been
linked to a lower risk of shoulder issues, cording, and lung complications (Lauridsen et al., 2005). During the
first week, gentle range-of-motion and breathing exercises are recommended. After this initial period, patients
can progress to active-assisted and resistive movements as healing allows (Shamley et al., 2007).

For cases involving axillary dissection or reconstruction, the progression should be more careful.
Adjustments need to be made to prevent stress on surgical sites. If patients experience seromas, flap swelling,
or nerve pain, a delay in starting structured programs may be necessary (Stubblefield & Keole, 2014).
Additionally, new protocols highlight the importance of patient education, goal setting, and behavioral
coaching in encouraging ongoing participation in rehabilitation (Pinto et al., 2009).

Multiple randomized controlled trials have shown that early, supervised exercise programs not only
decrease postoperative complications but also reduce time to return to work and enhance long-term function
(Campbell et al., 2019). Nonetheless, adherence to these programs can be limited by fatigue, depression, or
fear of movement. Addressing these issues often requires collaboration between physiotherapists,
psychologists, and oncology nurses (Alfano et al., 2009).

4.3 Tailoring Rehabilitation to Surgical Modality: BCT, Mastectomy, and Reconstruction

The type of surgical intervention plays a key role in how physical rehabilitation progresses for breast
cancer patients. Each procedure has its own anatomical, functional, and psychological effects that need to be
taken into account when creating exercise plans (Shamley et al., 2012; Kim et al., 2019).

Patients who undergo breast-conserving therapy (BCT) usually maintain better shoulder mobility and
have fewer early complications. However, fibrosis from radiotherapy and adhesions under the skin can restrict
soft tissue flexibility over time. Exercise plans for these patients should focus on improving thoracic mobility,
stabilizing the scapula, and building endurance to combat fatigue and softness in tissue caused by radiation
(McNeely et al., 2006; Shamley et al., 2007). Additionally, aerobic and resistance exercise plans have shown
they can reduce systemic inflammation (e.g., IL-6, CRP), improve blood flow to muscles, and assist with
microvascular changes, helping to slow down radiation-induced fibrosis and keep tissue elastic in the affected
area (Dieli-Conwright & Orozco, 2015; He et al., 2024).

Patients recovering from mastectomy, especially those who had axillary lymph node dissection
(ALND), often face more serious functional issues, such as limited range of motion, tight pectoral muscles,
postural imbalance, and a greater risk of lymphedema (Shamley et al., 2012). Rehabilitation should begin early
with both passive and active-assisted movements, progressing carefully to avoid complications like seroma or
wound problems (Lauridsen et al., 2005). Attention should be given to diaphragmatic breathing, thoracic
extension, and gradual strengthening of the upper limbs. Research indicates that structured early rehabilitation
is safe and effective in reducing pain and restoring movement even after immediate reconstruction (Kim et al.,
2019). Moreover, meta-analyses show that personalized physiotherapy programs greatly boost shoulder
mobility, muscle strength, and overall physical health after mastectomy (McNeely et al., 2006).

Reconstructive surgeries, especially those using autologous flaps (e.g., TRAM, DIEP), add more complexity
to rehabilitation. Issues like decreased abdominal core strength, changes in walking mechanics, or stiffness in the
hip flexors should be factored into the rehabilitation plan (Garvey et al., 2006). Exercises that focus on core
stabilization and control of the lower back and pelvis are essential for regaining function, especially for DIEP flap
patients, who may have preserved muscle integrity but still experience nerve-related issues.

Patients might need exercise programs that address both upper and lower body movements, with
modifications to accommodate healing incisions and the placement of implants (Pacari¢ et al., 2022).
Additionally, balance, awareness of body position, and trunk control are particularly important for women with
implant-based reconstruction, which can change shoulder movement patterns and cause compensatory
problems (Kim et al., 2019; Guliyeva et al., 2022). Notably, recent studies show a higher rate of chronic pain
and issues with body awareness after placing implants beneath the pectoral muscle, highlighting the need for
tailored rehabilitation (Guliyeva et al., 2022; He et al., 2024).
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Customizing rehabilitation to fit the specific surgical situation boosts safety, improves recovery, and
encourages patient involvement. Research increasingly backs individualized programs that consider the
complexity of the surgery, the patient’s physical condition before the operation, and their psychological
readiness (Silver et al., 2013). Prehabilitation tactics, such as strength assessments, shoulder evaluations, and
educating patients about what to expect after surgery, can ease recovery and promote commitment to the
program. Coordinating among surgeons, physiotherapists, and psycho-oncology teams is crucial for seamless
care throughout survivorship.

4.4 Personalization Based on Patient Characteristics

Beyond surgical factors, individual patient attributes, such as age, body composition, baseline
conditioning, and psychological resilience, play a vital role in rehabilitation outcomes. Older adults, patients
with other health issues like cardiovascular disease or diabetes, and those with low activity levels before
surgery may need to progress more slowly. They may also require lighter training loads and more frequent
supervision to reduce the risk of overexertion, falls, or worsening symptoms (Cheville et al., 2009). Functional
deficits often go unnoticed in outpatient oncology care. However, early detection and targeted intervention can
improve autonomy, physical capacity, and long-term survivorship.

Psychological readiness is also critical for rehabilitation success. Patients who experience increased
anxiety, depressive symptoms, or fear of movement usually show lower adherence to rehabilitation and fewer
functional improvements. In these groups, behavioral strategies like motivational interviewing, cognitive
reframing, and peer support have been found to improve self-efficacy and participation (Pinto et al., 2009;
Sander et al., 2012). Additionally, exercise can boost mood, energy, and sleep quality, creating a positive cycle
of engagement and recovery.

Social and environmental barriers must also be addressed when designing and delivering rehabilitation
services. Differences in access, driven by geographic, financial, cultural, or technological issues, can
disproportionately affect underserved populations. Integrating tele-rehabilitation platforms, home-based
programs, and community partnerships may help broaden access and reduce inequalities in cancer care
(Bluethmann et al., 2021). Tailored communication, appropriate materials, and flexible scheduling can further
promote equitable engagement across various patient groups. Ultimately, customizing rehabilitation needs
clinical judgment and a patient-centered approach that adapts to changing goals, varying abilities, and
individual preferences throughout recovery.

High body mass index (BMI) has been linked to a greater risk of postoperative complications in breast
cancer surgery. These complications include delayed wound healing, increased pain, and a higher occurrence
of lymphedema (Ridner, 2009; Rock et al., 2022). Patients with high BMI often have reduced mobility and
cardiorespiratory fitness, which can limit their ability to engage in traditional exercise. Therefore, low-impact
methods like aquatic therapy, recumbent cycling, or seated resistance training are frequently recommended to
reduce joint stress, improve circulation, and support safe rehabilitation progression. Modifications should also
account for skin fold pressure, surgical incisions, and compression garment needs during physical activity. On
the other hand, patients with better fitness levels before surgery may benefit from structured prehabilitation
programs that include aerobic, resistance, and flexibility training before the procedure. Prehabilitation can
facilitate earlier mobilization after surgery and may reduce fatigue, improve pain tolerance, and enhance
psychological readiness (Toohey et al., 2023; Santa Mina et al., 2014). Research suggests that even short-term
multimodal interventions lasting 2 to 4 weeks before surgery can lead to noticeable improvements in
postoperative function, especially for younger patients or those undergoing less invasive procedures.

Incorporating body composition metrics and fitness assessments during initial evaluations helps
customize rehabilitation plans to improve outcomes while minimizing risks. This approach also supports
shared decision-making and realistic goal-setting throughout the care journey (Smith-Turchyn et al., 2016).

Psychological readiness is another key factor for rehabilitation success. Patients with high fears of
movement (kinesiophobia), anxiety, or depression often show lower compliance with exercise programs and
report greater limitations in daily activities (Pinto & Trunzo, 2005). Tailored psychological support, including
cognitive-behavioral therapy (CBT), motivational interviewing, and structured peer support interventions, has
been shown to improve both adherence and psychosocial outcomes in these populations (Rock et al., 2022).
Moreover, research indicates that participation in exercise programs is heavily influenced by psychological
factors, perceived benefits, and past health behaviors, especially during the survivorship phase (Kampshoft et
al., 2016; Schmitz et al., 2019). Therefore, it is crucial to integrate psychological screenings and behavioral
support into physical rehabilitation pathways to ensure ongoing engagement and optimize long-term recovery.
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The use of wearable technology like pedometers, smartwatches, and biosensors has introduced new
opportunities in exercise oncology, allowing for real-time monitoring, individual goal-setting, and behavioral
reinforcement. These tools are particularly helpful in rural or resource-limited areas where access to in-person
rehabilitation services may be limited (Kampshoff et al., 2016). Digital health platforms, such as mobile apps
and telehealth systems, can enhance patient engagement by providing customized exercise plans, reminders,
feedback, and social support features, which can improve adherence and satisfaction. Studies suggest that when
combined with motivational strategies and clinician feedback, such technologies can significantly boost
physical activity among breast cancer survivors.

Beyond technology, effective rehabilitation requires a coordinated multidisciplinary approach.
Collaboration among oncologists, physiotherapists, psychologists, nurses, and exercise specialists ensures that
care plans address the various challenges patients face, including pain, fatigue, emotional distress, and fears of
recurrence (Toohey et al., 2023). Personalized survivorship plans developed through this teamwork have been
shown to enhance both functional outcomes and patient-reported quality of life (Alfano et al., 2019).
Incorporating behavioral science and supportive care principles into rehabilitation models is essential for
achieving long-term success in breast cancer care.

5 Future Directions and Clinical Implications

As oncological rehabilitation changes, a combined approach to physical activity and surgical care for
breast cancer patients is becoming more recognized. Future efforts need to tackle issues related to
personalization, accessibility, and understanding the mechanisms involved. This will help maximize the
benefits of exercise during all stages of recovery.

5.1 Integrating Prehabilitation into Surgical Pathways

The idea of prehabilitation, which involves preparing patients physically and mentally before surgery,
has shown promise in improving recovery outcomes. New trials suggest that doing aerobic and resistance
exercises before surgery can lower the chance of complications, help maintain muscle mass, and enable a
quicker return to normal function (Toohey et al., 2023; Santa Mina et al., 2014). These approaches also connect
to better long-term engagement in physical activities and more positive psychosocial recovery paths
(Kampshoff et al., 2016).

Customized prehabilitation plans should be included in comprehensive pre-surgical evaluations,
especially for high-risk groups like older patients, those with a high BMI, or people needing complex
reconstructive surgery (Santa Mina et al., 2014; Silver & Baima, 2013). Adding nutritional advice and stress-
reduction methods could further improve preparation for surgery and lower the risk of problems during the
procedure (Carli & Scheede-Bergdahl, 2015; Rock et al., 2022; Pinto & Trunzo, 2005). Making prehabilitation
a standard part of cancer care involves coordinating systems and establishing clear referral options within
oncology services (Alfano et al., 2019).

5.2 Advances in Exercise Oncology Research

Despite growing evidence that structured physical activity supports recovery in breast cancer, important
questions remain about the best dose-response relationships, safety limits, and long-term effects in different
patient groups. Recent studies using wearable technology, biomarkers, and imaging are starting to clarify how
exercise affects tumor biology, systemic inflammation, and immune function (Jones et al., 2012).

The emerging field of precision exercise medicine, which customizes activity prescriptions to individual
genetic, metabolic, and behavioral profiles, shows great potential. Future trials should focus on identifying
factors that affect responsiveness, barriers to sticking with exercise, and how physical activity may influence
recurrence risk and overall survival (Schmitz et al., 2010a; Schmitz et al., 2010b; Campbell et al., 2019).

Additionally, expanding research among underrepresented groups, including low-income and rural
communities, is crucial for ensuring fair implementation of evidence-based exercise programs (Kampshoff et
al., 2016; Smith-Turchyn et al., 2016).
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5.3 Clinical Implementation and Health Systems Integration

Translating exercise oncology into routine care needs structural changes at multiple levels. Oncology
clinics must use standardized screening for functional impairments, physical inactivity, and exercise readiness.
They should refer patients to trained physiotherapists or exercise physiologists (Schmitz et al., 2019).

Interdisciplinary rehabilitation teams, which include oncologists, surgeons, nurses, physiotherapists,
psychologists, and nutritionists, should work together to create survivorship care plans. These plans should
incorporate individual physical activity goals (Alfano et al., 2019). Health systems must also tackle logistical
issues such as transportation, cost, and scheduling flexibility, which often limit participation in supervised
programs (Kampshoff et al., 2016).

Digital health tools, including mobile applications, tele-rehabilitation platforms, and virtual coaching,
can fill service gaps and provide scalable solutions for long-term monitoring and motivation (Schmitz et al.,
2019). To ensure sustainability, national guidelines should include reimbursement options and formalize
certification paths that integrate exercise into standard oncology care.

6. Conclusions

The addition of structured physical activity in breast cancer care should be seen as a crucial part of
modern cancer treatment. Many studies show how important physical rehabilitation is for reducing
postoperative issues, such as lymphedema, pain, and muscle problems. It also helps with mental health, body
image, and long-term independence.

The type of surgery, whether it is breast-conserving therapy, mastectomy, or reconstructive surgery,
greatly influences the timing and approach to rehabilitation. This requires personalized plans that consider the
surgical impact, the patient’s other health concerns, and their social situation. A tailored rehabilitation program
is necessary to support recovery and long-term health outcomes.

In the future, advancements in exercise oncology, the use of prehabilitation protocols, and the merger
of different rehabilitation methods offer promising paths to improve recovery, lower the chance of recurrence,
and enhance survivorship. These changes indicate a shift in thinking, where physical activity is seen as a main
treatment method included throughout all stages of cancer care.

To fully achieve this potential, ongoing research, changes in health policies, and the sharing of effective
exercise programs in various clinical settings are essential. Helping patients with evidence-based movement
strategies can reshape standards of care in surgical oncology.
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