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ABSTRACT

Breast carcinoma maintains its status as the most frequently diagnosed malignancy among women globally, with
epidemiological data demonstrating the registration of over 2.3 million new cases annually. This trend is characterized by a
persistent and concerning increase in incidence rates across various demographic strata. Consequently, optimizing both
oncological efficacy and the subsequent quality of life (QoL) has become a primary focus in clinical oncology.

Among the established therapeutic modalities for localized breast cancer, Breast-Conserving Therapy (BCT)—typically
involving lumpectomy or partial mastectomy followed by adjuvant radiotherapy—has achieved substantive clinical
ascendancy and is now frequently regarded as the standard of care for early-stage disease. This preference is driven by robust
Level I evidence indicating oncological outcomes non-inferior to radical mastectomy, coupled with superior patient-reported
outcomes (PROs) concerning body image and psychological well-being.

The widespread adoption of this conservative surgical paradigm has generated a corresponding and significant surge in the
volume of patients who require comprehensive, evidence-based rehabilitation following their primary treatment course.
Despite its minimally invasive nature relative to mastectomy, BCT is frequently associated with long-term functional
sequelae. These morbidities can encompass a restricted range of motion (ROM) of the ipsilateral shoulder, the development
of lymphedema, chronic neuropathic or myofascial pain syndromes, and generalized functional decline.

In this context, specialized physiotherapeutic intervention becomes an indispensable component of the continuum of care.
The structured implementation of rehabilitation protocols aims to mitigate these potential complications, restore optimal
biomechanical function, and ultimately, enhance the overall QoL and long-term functional status of the patient population.
The aim of the current paper is to critically present and analyze the latest contemporary approaches and methodological
advancements in the field of physiotherapy. This exploration focuses specifically on their application in improving the
functional outcomes and addressing the complex physical morbidities encountered in patients who have undergone BCT.
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Introduction

The surgical paradigms for managing invasive breast cancer have undergone profound and radical
transformations over the past few decades. The historical approach, which centered on maximal tumor
resection via radical procedures (such as the radical mastectomy, e.g., per Halsted), often resulted in significant
disfigurement and a high incidence of functional morbidities. This approach has been progressively replaced
by a minimally invasive and oncoplastic ethos.

Contemporary techniques prioritize achieving comprehensive oncological control—specifically,
obtaining negative surgical margins—while simultaneously maximizing the preservation of cosmetic outcome
and the anatomical integrity of the breast. This crucial evolutionary shift has led to the widespread adoption of
Breast Conserving Treatment (BCT), also variously referred to as segmental mastectomy, lumpectomy, or
quadrantectomy followed by adjuvant radiotherapy.

BCT is now recognized as the gold standard of care for patients presenting with early-stage breast cancer
(typically T1-T2, Stage I and II). Key evidence-based clinical trials (EBC, Level 1) have conclusively
demonstrated that in terms of overall survival and disease-free survival, BCT combined with radiotherapy is
non-inferior to mastectomy. Crucially, it provides significantly improved Quality of Life (QoL), body image
satisfaction, and upper extremity function [1, 2]. Consequently, the utilization and prevalence of BCT have
markedly increased, particularly within the subpopulation of women with lower disease staging and favorable
prognostic factors.

Although BCT is less invasive than mastectomy, it is not devoid of potential sequelae. Postoperative
complications, including restricted Range of Motion (ROM) in the shoulder joint, myofascial dysfunctions,
chronic pain, and notably, the development of upper limb and trunk quadrant lymphedema, remain significant
clinical challenges that impact patient QoL [3].

Therefore, comprehensive and individualized physiotherapy constitutes an integral and indispensable
component of the modern post-BCT therapeutic protocol. The effective implementation of rehabilitation is
critical for the minimization of postoperative complications, the restoration of full functional capacity, and the
optimization of the patient's psychophysical recovery. [2,3]

This article aims to provide a detailed analysis and critical comparison of the available and currently
recommended physiotherapeutic modalities (including manual lymphatic drainage, manual therapy,
kinesiotherapy, compression bandaging, and patient education) employed in the holistic recovery process of
women who have undergone surgical treatment for breast cancer using the BCT method. The overarching goal
is to synthesize the current body of evidence and delineate the most effective interventional strategies based
on robust scientific data.

Material and methods

This paper presents a comprehensive literature review encompassing the latest research and scientific
reports concerning complex physiotherapy care for patients after BCT procedures. It incorporates modern
therapeutic approaches and outlines possible future directions for the development of rehabilitation in patients
following breast-conserving surgeries.

State of Knowledge

Recent findings indicate that the most effective therapeutic methods in the rehabilitation of women after
BCT includes: prevention and treatment of lymphedema, kinesiotherapy, and pain-targeted therapy. All three
of these elements address the most common complications following BCT procedures: lymphedema, impaired
upper limb functional status, and chronic pain. Clinical studies and the latest reports demonstrate that therapy
aimed at combating ailments arising as complications after surgery has proven high effectiveness and
positively influences the faster improvement of the patient's health status post-operation.

Epidemiology

Breast cancer is the most prevalent malignancy among women globally. In Poland, it accounts for over
25% of all diagnosed female cancers and is responsible for nearly 13% of cancer-related deaths [3]. European
statistics corroborate this trend, with breast cancer representing almost 29% of all cancer incidences and
contributing to nearly 9% of cancer mortality. Notably, research from 2019 indicates a negative correlation
between the accessibility and quality of healthcare and the incidence of breast cancer within European
populations. This inverse relationship is exemplified by countries like Serbia and Montenegro, which report
among the highest rates of breast cancer incidence in Europe [4,5].
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In 2022 alone, over 2.3 million cases of breast cancer were reported worldwide. During the same year,
global statistics indicated a concerning 670,000 deaths among women afflicted with this type of cancer. Recent
studies reveal that the incidence of breast cancer is annually increasing by 1% to as much as 5% in nearly half
of the countries surveyed. Concurrently, in 29 countries with a very high Human Development Index, breast
cancer mortality is declining. The objective is to achieve an annual reduction in breast cancer mortality of
2.5%. It is estimated that by 2050, the number of new cases and associated deaths will increase by 38% and
68%, respectively, on a global scale. Countries with a low Human Development Index are projected to bear
the brunt of this statistical increase [6].

Causes of breast cancer

Breast cancer most frequently affects women nearing their 70s, with the median age of incidence being
62 years. Diagnoses in women under 40 are uncommon, with a probability of less than 1%. The direct cause
of breast cancer development is the uncontrolled proliferation of epithelial cells within the mammary gland.
Numerous risk factors can influence the acceleration, onset, or reduction of the probability of such uncontrolled
cell division [7]. Fundamentally, breast cancer risk factors can be categorized into modifiable and non-
modifiable factors. We categorize the non-modifiable factors as follows:

- Age - The risk of breast cancer in women increases with advancing age.

- Genetic Factors - Genetic mutations, specifically in genes such as BRCA1, BRCA2, or HER2,
significantly elevate the risk of breast cancer incidence. The presence of these gene mutations in close family
members is also a factor that increases the likelihood of developing the disease.

- Reproductive History - Early menarche, late menopause, and a later age at first full-term pregnancy
are associated with an increased risk.

- Previous Breast Conditions - A history of breast cancer, benign non-neoplastic changes in the
mammary gland, or prior medical interventions (e.g., radiotherapy) increases the susceptibility to developing
breast cancer [7, 8, 9].

Modifiable factors are those related to a patient's lifestyle, meaning they can be influenced directly or
indirectly. The modifiable risk factors for breast cancer incidence include:

- Body Mass and Physical Activity - Overweight, obesity, and insufficient physical activity increase the
risk of breast cancer in women, particularly during the postmenopausal period.

- Substance Use - Alcohol consumption and both passive and active smoking elevate the risk of
developing cancerous disease.

- Breastfeeding - This is a factor that reduces the likelihood of breast cancer occurrence.

- Hormone Replacement Therapy (HRT) - Treatment administered during menopause to alleviate
symptoms increases the risk of breast cancer [10, 11, 12].

Diagnostics

Early and properly conducted diagnostics are crucial for accurate diagnosis and prompt initiation of
cancer treatment. For breast cancer, the following diagnostic methods are widely utilized:

- Breast Self-Examination (BSE) - This is the simplest examination method that all women over 20
years of age should perform. Monthly breast self-examination is recommended on the first day after
menstruation. Despite its low diagnostic efficacy, not exceeding 15%, it is advised to increase patient self-
awareness and to expedite proper diagnosis in case concerning changes are detected.

- Mammography (MMG) - This is the primary and most frequently used screening method, boasting a
high diagnostic efficacy of up to 95%. It involves taking X-ray images of the mammary gland.

- Magnetic Resonance Imaging (MRI) - This diagnostic method offers high sensitivity for detecting
changes and is used in women with an elevated risk of breast cancer, as well as for further diagnostic evaluation
and assessment of disease stage after detection.

- Breast Ultrasonography (USG) - This method is employed as a supplement to MMG. As a standalone
diagnostic method, it exhibits low efficacy, not exceeding 36%.

- Breast Biopsy - This involves obtaining a tissue or fluid sample for microscopic examination, which is
essential for confirming or excluding the presence of cancerous disease. Several types of biopsies are used in
different clinical scenarios and may be performed under the guidance of imaging studies, such as USG or MRI.

- Molecular Diagnostics - These are advanced tests involving the molecular analysis of the tumor, its
stage of advancement, and the determination of treatment prognoses and patient survival based on this analysis.
They are performed to evaluate receptors (e.g., HER2, estrogen, progesterone) and to analyze patient gene
expression [13, 14, 15, 16].
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Breast-Conserving Therapy (BCT) and Associated Elements

Breast-conserving therapy (BCT) is a surgical approach for breast cancer designed to preserve the breast.
This method involves the excision of the tumor along with a margin of healthy tissue, while retaining the
majority of the female mammary gland. Over the past two decades, numerous clinical studies have
demonstrated that BCT is not only a safe and effective treatment method for breast cancer but also that the
rates of locoregional recurrence following this type of surgical treatment are no greater than after a classic
mastectomy. In both cases, recent research indicates an approximate 5-8% chance of local recurrence, most
frequently associated with the most aggressive tumor types linked to HR and HER2 receptors. Consequently,
the more invasive method of mastectomy is increasingly less often utilized as the primary recommended
treatment, with the majority of patients in Stage I and II of the disease being candidates for breast-conserving
treatment [17, 18].

Breast-conserving therapy involves the excision of the tumor along with a margin of healthy tissue
(known as lumpectomy), followed by subsequent irradiation of the mammary gland to eliminate any potentially
remaining cancer cells. This comprehensive approach aims to maximize treatment efficacy while achieving a
satisfactory cosmetic outcome. As previously indicated, this treatment is typically reserved for women with
early-stage tumors and those with small tumor sizes.

Contraindications for BCT include:

- Diffuse cancerous lesions

- Inability to achieve a satisfactory cosmetic outcome

- High stage of cancerous disease

- Contraindications to postoperative radiotherapy

- Presence of active multi-organ diseases such as systemic sclerosis

- Extensive microcalcifications currently present in the mammary gland

- Pregnancy [17, 19, 20]

Complications Following Breast Cancer Treatment with BCT

Despite its effectiveness and generally limited invasiveness, Breast-Conserving Therapy (BCT), like
any surgical intervention, can lead to certain complications in both the immediate and long-term postoperative
periods. The most significant and frequent complications include:

- Lymphedema - One of the most common and potentially debilitating complications of treatment. It is
most frequently associated with the removal of lymph nodes during surgery and can also arise as a complication
of radiotherapy. Extensive surgical interventions in the axillary region are indicated to increase the probability
of lymphedema occurrence by up to 48% [21, 22].

- Restricted Range of Motion in the Shoulder Joint - Common complication of oncological treatment in
breast cancer patients. The most frequent causes of limited shoulder joint mobility include postoperative
scarring, weakened strength and endurance of shoulder girdle muscles, tissue fibrosis as a complication of
radiotherapy, and pain [23, 24].

- Pain - Pain is a commonly occurring side effect of treatment, particularly in the early postoperative
phase. It is most often the result of localized tissue damage from the surgical procedure and resolves after
wound healing. However, it can also stem from nerve compression, radiotherapy, or inflammation. In such
cases, it is chronic pain that requires treatment.

- Muscle Weakness - This complication results from both the surgical procedure and subsequent
adjuvant treatments like radiotherapy [25, 26].

- Poorly Healed Postoperative Scars - A scar after surgery can be hard, taut, and restrict range of motion.
In such instances, it is crucial to implement treatment aimed at improving elasticity and reducing the pain
caused by the scar [27].

Physiotherapeutic Management in Women After Breast Cancer Treatment with BCT

Physiotherapy, as an evidence-based intervention, constitutes a critical factor and an integral component
of the multidisciplinary care protocol during the recovery process for patients post-surgical management of
breast cancer. Its relevance is particularly accentuated within the context of Breast Conserving Treatment
(BCT). The early initiation and methodical implementation of a comprehensive rehabilitation program in the
postoperative period enable a significant reduction in the incidence, severity, and long-term manifestation of
complications associated with both the surgical intervention itself and the frequently accompanying adjuvant
radiotherapy.
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Contemporary oncological physiotherapy shifts from empirical protocols toward an approach strictly
grounded in Evidence-Based Practice (EBP) and the analysis of the latest scientific data. This mandates the
continuous evaluation of the efficacy of therapeutic procedures and their comprehensive, individualized
application to adequately address the complex and multifactorial health issues that develop as sequelae of the
anti-neoplastic treatment.

Current clinical trends and expert consensus regarding physiotherapeutic management post-BCT
procedures necessitate a focus on the following, mutually complementary directions for patient support:

Prevention and Treatment of Lymphedema

The prevention and effective management of the clinical manifestation of lymphedema in the upper
extremity and torso quadrant represent one of the key therapeutic challenges confronting physical therapy
specialists involved in the rehabilitation of complications following Breast Conserving Treatment (BCT). The
contemporary clinical approach places a strong emphasis on early risk stratification (assessment of predictive
factors) and intensive patient education concerning long-term prophylactic strategies and self-management
techniques.

In cases where lymphedema is documented to have developed, the gold standard intervention remains
Complete Decongestive Therapy (CDT). This is a multimodal and biphasic therapeutic protocol whose
intensive phase comprises four integral and complementary components:

1. Manual Lymphatic Drainage (MLD): The application of specific, superficial drainage techniques
aimed at improving lymph transport by stimulating lymphangiomotor activity and redirecting lymphatic fluid
from congested areas to functionally competent lymph nodes and collectors.

2. Compression Therapy: The utilization of compression systems, such as short-stretch compression
bandages in the initial phase and custom-fitted compression garments in the maintenance phase. The
mechanical effect of compression is critical for inhibiting ultrafiltration of fluids from capillaries into the
interstitial space and for the reduction of edema volume.

3. Decongestive Kinesiotherapy: Specially designed muscle exercises, performed while wearing
compression, that activate the so-called muscle pump, thereby supporting lymphatic and venous circulation.

4. Skin Care and Hygiene: An essential component for maintaining the integrity of the skin barrier,
minimizing the risk of infections (e.g., cellulitis/erysipelas), and preventing skin damage that could lead to
exacerbated inflammation and intensified lymphedema.

Analysis of the scientific literature provides varied data regarding the efficacy of CDT. Some
interventional studies suggest that the methodical application of the CDT protocol can lead to a significant
reduction in the volume of established lymphedema, reaching a rate of nearly 48% under optimal clinical
conditions.

However, controlled comparative studies (RCTs) are also emerging that contrast the full CDT protocol
with classical compression monotherapy (utilizing only compression garments and bandaging). These reports
suggest that both therapeutic strategies may exhibit a comparable level of efficacy, ranging in edema reduction
between 22% and 30%. In the context of health economics and resource availability, compression therapy—
as an intervention that requires significantly less staff involvement and reduced logistical overhead—could
potentially become the preferred, first-line method for anti-edema intervention in the future.

Nevertheless, until additional, high-methodology, multi-center clinical trials are conducted that
conclusively confirm the equivalence or superiority of simplified protocols over the gold standard, Complete
Decongestive Therapy (CDT) remains the standard operating procedure for the treatment of secondary
lymphedema resulting from breast cancer treatment [21, 28].

Restoring full range of motion and upper extremity function

Current methodologies emphasize the benefits of initiating rehabilitation even before the surgical
procedure itself. These interventions, known as prehabilitation, are a crucial component of the modern
approach to oncological patients. Recent studies indicate that patients participating in a prehabilitation program
reported no or only minor difficulties in performing tasks of high and medium difficulty in daily life nearly
90% of the time one year post-surgery. Furthermore, most prehabilitation participants showed no impairments
in shoulder joint range of motion at all follow-up visits, except for the first one month after the procedure.
These statistics underscore the importance of prehabilitation in patient recovery and the need to establish it as
a standard in oncological care [29, 30].
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Contemporary physiotherapy has begun to move away from standardized exercise plans for patients in
favor of individually tailored programs that consider patients' specific needs, capabilities, and overall health
status. Modern exercise programs designed by physiotherapists often combine the following types of exercises:

- Strengthening Exercises - Focused on improving muscle strength and endurance, including resistance
and endurance training.

- Range of Motion (ROM) Restoration Exercises - Starting with small movements, the range of motion
in joints are gradually expanded, ultimately aiming to restore full functional mobility in the affected joint.

- Functional Exercises - A type of training that mimics daily activities performed by patients, designed
to adapt them to everyday functioning.

Recent research indicates that the application of the aforementioned combination yields significant
improvement in all joint movements, reaching up to 95%. This suggests a positive patient response to the
proposed kinesitherapeutic treatment approach [30, 31].

Pain Management

The foundational pillar of the contemporary physiotherapeutic protocol in the context of oncological
pain sequelae is the precise etiological identification of the pain source. The accurate determination of the
pathophysiological mechanism and the structural origin of the pain is the sine qua non condition for developing
and implementing targeted, highly specific therapeutic interventions.

Among the scientifically validated and most frequently employed methods in oncological physiotherapy
aimed at pain reduction, the following modalities are distinguished:

Manual therapy finds broad application in modulating pain elicited by somatic dysfunction. These
techniques are particularly effective in treating tissue restrictions (increased myofascial tension), managing
post-operative scars (minimizing adhesions and fibrosis), deactivating myofascial trigger points (TrPs), and
correcting articular dysfunctions of the upper extremity and shoulder complex. The latest Randomized
Controlled Trials (RCTs) consistently affirm the clinical benefits derived from incorporating manual therapy
as a therapeutic component, which significantly impacts the reduction of subjective pain perception and
improves functional parameters [32].

Kinesiotherapy, based on active therapeutic movement, plays a crucial role in long-term pain
management. Systematic and methodical exercises focused on increasing muscle strength and endurance, as
well as improving joint Ranges of Motion (ROM) (especially in the glenohumeral joint), contribute to the
normalization of biomechanical loads within the shoulder-cervical complex. This biomechanical optimization
directly influences the reduction of stress on neural and musculoskeletal structures, and consequently, the
mitigation of chronic pain syndromes [30, 31].

A significant sub-group of patients, particularly those who have undergone radiotherapy and/or
chemotherapy, may experience neuropathic pain syndromes secondary to nerve fiber damage. Epidemiological
analyses indicate that nearly 67% of breast cancer patients may report pain complaints of a neuropathic
etiology (e.g., post-mastectomy pain syndrome, chemotherapy-induced neuropathy).

Physiotherapeutic interventions targeted at neuropathic pain include:

- Neurodynamic Techniques: Gentle mobilizations of peripheral nerves designed to improve their
gliding capacity and vascular supply.

- Light Structural Mobilizations: Employed to decrease mechanical compression on irritated structures.

- Therapeutic Education: Crucial for understanding the pain mechanisms and mastering coping
strategies for daily functioning.

The application of Transcutaneous Electrical Nerve Stimulation (TENS) in pain therapy for oncology
patients is currently burdened with considerable methodological controversy. It necessitates the conduct of
further high-quality scientific research that will conclusively confirm not only the beneficial analgesic effects
but, fundamentally, the lack of clinical risk for patients with active or history of neoplastic disease [33].

Education

A crucial element in the modern physiotherapist's work with patients after BCT procedures is to conduct
an appropriate educational process. A proper approach to patient education is key for her to adequately
understand and prepare for the challenges that will arise from the surgical treatment of cancer. Studies indicate
that well-informed patients are significantly better equipped to cope with complications than those who did
not receive such preparation [34].
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It is crucial to promote self-initiated physical activity and make patients aware of how much they can
do for themselves in the rehabilitation process, in managing pain, and in addressing limitations resulting from
surgical treatment. Maintaining long-term patient engagement in the rehabilitation process is essential for her
to derive benefits from this process. Consequently, the physiotherapist should not only provide a set of
exercises with explanations but, most importantly, tailor the exercises to the patient's needs and the challenges
she faces in daily life [35, 36].

Patient education also aims to equip her with knowledge useful for self-management of postoperative
complications. This particularly applies to the prevention and management methods for lymphedema. Studies
confirm that patients in the rehabilitation process who received education on preventing lymphedema are better
able to manage it and generally achieve better treatment outcomes than other study groups. Patients should be
trained in, among other things: self-massage, correct compression therapy, skin care principles, and the
application of appropriate modifications in daily functioning to avoid lymphedema. Research indicates that the
proper combination of physiotherapy with appropriate patient education reduces the risk of complications by
as much as 65% [37].

Discussion

This paper undertakes the task of systematic presentation and critical comparison of the most current
and clinically relevant physiotherapeutic methodologies applied in the process of functional rehabilitation for
patients post-surgical interventions of the Breast Conserving Treatment (BCT) type. The specialized literature
and latest scientific evidence based on Evidence-Based Medicine (EBM) unequivocally indicate that an
effective, comprehensive rehabilitation program after breast-conserving surgery must constitute a holistic
sequence of interventions, encompassing a range of mandatory therapeutic components.

In accordance with current guidelines and expert consensus, the core components of this program
include:

1. Strategies for the Prevention and Management of Lymphedema: This is a critical element that
involves early prophylactic intervention and, in cases of clinical manifestation, the application of Complete
Decongestive Therapy (CDT). This encompasses manual lymphatic drainage, skin care, remedial exercises,
and compression therapy (bandaging and/or compression garments).

2. Individually Defined Kinesiotherapy Program: Exercises must be strictly tailored to the patient's
individual functional status, her range of motion (ROM) in the shoulder joint, muscle strength, and any pain-
related limitations. Kinesiotherapy is essential for the prevention of scar adhesions and the restoration of full
Range of Motion (ROM) in the ipsilateral upper extremity.

3. Pain Management and Prevention of Pain Syndromes: This involves interventions aimed at reducing
neuropathic and myofascial pain syndromes associated with the surgery and subsequent radiotherapy.

4. Therapeutic Education (Self-Management Education): A crucial element that provides the patient
with knowledge about self-care, correct posture, work ergonomics, self-monitoring for lymphedema, and the
necessity of regular physical activity.

The synergistic combination and methodical implementation of all aforementioned therapeutic factors
yield measurable clinical benefits and translate into a significant improvement in the patients’ psychophysical
condition as well as their biopsychosocial functioning following oncological treatment.

A vigorous debate persists within the scientific and clinical community regarding the potential for
substitution or modification of certain components within the current therapeutic status quo. For instance,
questions are being raised about the optimal intensity and duration of the intensive phase of CDT, and the
significance of specific components of compression therapy across different stages of lymphedema.

However, any potential alteration to the therapeutic “gold standards,” such as CDT protocols and
standard compression therapy, necessitates rigorous, in-depth clinical trials (RCTs) with high statistical power.
In the context of current knowledge, any radical change appears unlikely in the near future, considering the
conclusively scientifically proven effectiveness and safety of the comprehensive and interdisciplinary
physiotherapeutic methods currently in use.
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Conclusions

Based on the latest scientific reports and specialized clinical analyses, the establishment of a
comprehensive rehabilitation program in the postoperative period following Breast-Conserving Surgery (BCS)
constitutes an absolute prerequisite for optimizing treatment outcomes.

This program must obligatorily incorporate multidisciplinary intervention elements that are closely
integrated and individually tailored to each patient's clinical profile:

1. Prophylaxis and Therapy for Lymphedema

2. Individually Designed Kinesiotherapy Protocol

3. Pain Management

4. Structured Patient Education

The synergistic combination of the aforementioned therapeutic factors generate measurable clinical
benefits. The result of this integrated strategy is a statistically significant improvement in the health status and
Quality of Life (QoL) indicators of the patients. This improvement is observed across all domains of
functioning, including physical, psychological, and social aspects following the surgical procedure.
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