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Abstract:

Breast cancer-related lymphoedema (BCRL) is a common long-term complication
following breast cancer surgery, resulting from impaired lymphatic transport due to
surgical and radiotherapeutic damage to lymphatic structures. The anatomical
interconnection between lymphatic drainage of the breast and the upper limb plays a
central role in the development of lymphoedema after axillary interventions. Lymphatic
dysfunction leads to the accumulation of protein-rich interstitial fluid, contributing to the
progression of a chronic condition characterised by physical, functional, and
psychosocial impairments. Physiotherapy represents a cornerstone of conservative
management, with complex decongestive therapy incorporating compression therapy,
manual lymphatic drainage, therapeutic exercise, skin care, and patient education.
Current evidence supports the safety and benefits of appropriately prescribed exercise,
while adjunct interventions may provide additional supportive effects. An
interdisciplinary, evidence-based approach with active patient participation is essential
to optimise prevention, management, and long-term outcomes of BCRL in breast cancer
survivors.

Keywords: Breast cancer; Breast cancer-related lymphoedema; Lymphatic system; Phys-
iotherapy; upper limb; Complex decongestive therapy
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1. Introduction

Breast cancer is one of the most prevalent malignancies worldwide and remains a major
public health concern due to its high incidence and long-term impact on morbidity among
women (Hing et al., 2024; Pappalardo et al., 2021). In Slovenia, breast cancer represents the
most prevalent malignancy in women, accounting for 24.5% of all female cancers in 2022,
with a projected incidence of 136-154 per 100,000 women in 2025 (Cancer in Slovenia 2022,
2025). Advances in early detection and oncological treatment have substantially improved
survival rates, leading to a growing population of breast cancer survivors and an increased
attention to long-term treatment-related complications affecting functional capacity and
quality of life (Hing et al., 2024).

Surgical treatment constitutes a mainstay of breast cancer management and is frequently
combined with adjuvant therapies such as radiotherapy, chemotherapy, and endocrine
therapy. Common surgical approaches include breast-conserving surgery or mastectomy,
often accompanied by axillary procedures for staging and local disease control. Although
essential for favourable oncological outcomes, axillary interventions may disrupt lym-
phatic vessels and lymph nodes, thereby increasing the risk of postoperative lymphatic
complications (International Society of Lymphology, 2024; Shen et al., 2022).

Breast cancer-related lymphoedema (BCRL) represents one of the most frequent and clin-
ically significant long-term complications following breast cancer surgery. It develops due
to impaired lymphatic transport capacity caused by surgical and radiotherapeutic damage
and may occur months or years after treatment completion, most commonly affecting the
upper limb on the treated side (Kataru et al., 2019; International Society of Lymphology,
2024; Shen et al., 2022;). In this context, the present contribution aims to outline the ana-
tomical background of the lymphatic system of the breast and upper limb, describe the
pathophysiology and clinical features of BCRL, and examine the role of physiotherapy in-
terventions in its management, highlighting the importance of interdisciplinary and evi-
dence-based care.

2. Design of the Review

A literature review was conducted through an analysis of scientific publications address-
ing BCRL. The aim was to synthesise and integrate key findings on the development of
lymphoedema, the role of the lymphatic system, and the contribution of physiotherapy
interventions in the prevention and management of this condition into a comprehensive
and coherent overview.

The literature search was conducted using the PubMed and ResearchGate databases.
Search terms included breast cancer, lymphoedema, breast cancer-related lymphoedema,
lymphatic system, physiotherapy, and complex decongestive therapy, as well as their com-
binations. Additionally, data about the prevalence of breast cancer for the Slovenian pop-
ulation were extracted from the Slovenian Cancer Registry.

The review includes scientific articles published from 2001 onwards, comprising original
research articles, review articles, and systematic reviews relevant to the topic. Sources were
selected based on their content relevance and their contribution to understanding lym-
phoedema following breast cancer surgery and its physiotherapeutic management. No for-
mal quality assessment or risk-of-bias evaluation was performed, which represents a lim-
itation of this narrative review.

3.  Anatomical background of the lymphatic system of the breast and upper limb
3.1. The lymphatic system — general characteristics

The cardiovascular system, comprising the heart and an extensive network of blood ves-
sels, is among the first functional organ systems to develop during mammalian embryo-
genesis (Janardhan et al., 2024). The development of the lymphatic system occurs concur-
rently with that of the blood vasculature, through the process of lymphangiogenesis. The
lymphatic system constitutes an essential component of the mammalian vascular system
and is organized as a hierarchical, multilevel network of lymphatic vessels originating
from blind-ended capillaries. In addition to lymphatic vessels, the system includes lymph
nodes, which harbour T and B immune cells, as well as other mucosa-associated lymphoid
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tissues such as the tonsils, adenoids, Peyer’s patches in the small intestine, and the appen-

dix (Oliver et al., 2020).

Functionally, the lymphatic system plays a central role in the removal of excess protein-
rich interstitial fluid and its return to the bloodstream, in the transport of immune cells
from peripheral tissues to lymph nodes for antigen presentation and immune surveillance,
and in the transfer of lipid-rich chyle from the gastrointestinal tract into the circulation. In
doing so, it makes a substantial contribution to the maintenance of fluid balance, effective
immune defence, and overall physiological homeostasis (Janardhan et al., 2024).

Beyond its role as a drainage system, the lymphatic system also possesses active physio-
logical mechanisms that enable efficient lymph flow. The walls of larger lymphatic vessels
contain smooth muscle cells with intrinsic contractile activity, which rhythmically propel
lymph in a proximal direction independently of the cardiovascular system. This mecha-
nism is especially critical in the limbs, where lymphatic transport continuously counteracts
gravitational forces. Unidirectional flow is further ensured by valves within the lymphatic
vessels, which prevent retrograde movement of lymph and thereby maintain the efficiency
of lymphatic drainage. In addition to fluid transport, the lymphatic system facilitates the
movement of macromolecules, cytokines, and immune signalling molecules that cannot be
directly removed from the interstitial space by the blood circulation, further underscoring
its role in regulating the tissue microenvironment (Swartz, 2001).

3.2.  Lymphatic drainage of the breast and upper limb

The lymphatic drainage of the breast represents a complex, hierarchical, and multidirec-
tional network that is central to the regional spread and staging of breast cancer. Most (75—
90%) of the lymphatic drainage of the breast occurs via the ipsilateral axillary lymph nodes,
which constitute the primary nodal basin for metastatic dissemination in the majority of
patients. Nearly all lymphatic vessels of the breast course along a subdermal plane toward
the axilla, where lymph typically first drains to one or a small number of sentinel lymph
nodes located near the lateral border of the pectoralis major muscle (Grouthamel, 2023).

Lymphatic vessels originate as blind-ended capillaries within both superficial cutaneous
and deep parenchymal plexuses and subsequently converge into collecting vessels
equipped with valves and smooth muscle, ensuring unidirectional lymph transport. Su-
perficial lymphatics of the nipple and areola form a dense network of pre-collectors known
as the subareolar lymphatic plexus (Sappey’s plexus), while lymphatics within the breast
parenchyma arise from the interlobular connective tissue and the walls of the lactiferous
ducts (Grouthamel, 2023). This convergence within the subareolar plexus provides the an-
atomical basis for sentinel lymph node mapping and explains the shared nodal drainage
observed across different breast quadrants (Zhang-Yin et al., 2024).

The axillary lymph nodes are classically divided into six interconnected groups: apical
(subclavicular), lateral (brachial or humeral), central, posterior (subscapular or scapular),
anterior (pectoral or external mammary), and interpectoral (Rotter’s) nodes. The apical
nodes, comprising approximately 8-12 nodes, are located between the superior border of
the pectoralis minor muscle and the clavicle and receive lymph from all other axillary
nodal groups. From here, lymph drains into the subclavian lymphatic trunk, which emp-
ties into the thoracic duct on the left side and the right lymphatic duct on the right. Lateral
nodes (4-6 nodes), situated medial and posterior to the axillary vein, primarily drain the
upper limb and empty into the apical nodes. Central nodes (4-5 nodes), located deep to
the pectoralis minor within axillary adipose tissue, receive lymph from the breast as well
as from the brachial, pectoral, and subscapular groups. Posterior nodes (5-7 nodes) along
the lateral border of the scapula drain the posterior neck, shoulder, and trunk, while ante-
rior nodes (5-6 nodes) along the lateral thoracic vessels receive lymph from the lateral
breast and anterior abdominal wall and drain into the central group. Interpectoral (Rot-
ter’s) nodes, consisting of 1-4 nodes between the pectoralis major and minor muscles, re-
ceive lymph directly from the breast and drain into the apical and pectoral nodes; although
sometimes classified as axillary nodes, they are anatomically distinct from the main axil-
lary nodal chain (Grouthamel, 2023).

A variable proportion of lymphatic drainage, particularly from the medial quadrants of
the breast, follows deeper pathways that perforate the deep fascia and drain into the paras-
ternal (internal mammary) lymph nodes located along the internal thoracic vessels. These
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nodes have been identified as sentinel lymph nodes in a substantial subset of patients and
are increasingly recognised for their prognostic and therapeutic relevance (Eckert et al.,
2024). In addition to the principal axillary and internal mammary pathways, sporadic
drainage to interpectoral, subscapular, subclavicular, supraclavicular, or even contrala-
teral parasternal lymph nodes may occur, highlighting the anatomical variability of breast
lymphatic drainage (Grouthamel, 2023).

In breast cancer, the lymphatic system plays a particularly important role, as malignant
cells frequently exploit lymphatic pathways to spread from the primary tumour. Lymph
nodes, especially sentinel lymph nodes, represent the first site of metastatic dissemination
in most cases of early-stage disease, although in some instances tumour cells may also en-
ter the bloodstream directly. Studies based on sentinel lymph node models in melanoma
and breast cancer demonstrate that early lymphatic spread generally occurs in a stepwise
manner along predictable anatomical pathways, a principle that underpins modern diag-
nostic and therapeutic strategies in oncological practice (Leong et al., 2022).

In recent years, increasing attention has been directed toward the relationship between
lymphatic drainage of the breast and that of the upper limb. Anatomical and clinical stud-
ies indicate a significant degree of overlap between these two systems within the axillary
region. In a proportion of breast cancer patients, lymphatic vessels from the upper limb
converge into the same axillary lymph nodes that drain the breast, and in approximately
two-thirds of cases, lymphatic pathways from the upper limb have been identified within
the field of sentinel lymph node biopsy (Ma et al., 2019). Anatomical investigations have
further demonstrated the presence of communicating lymphatic vessels between different
axillary nodal groups, underscoring the functional interconnection between breast and up-
per limb lymphatic drainage (Cuadrado et al., 2018). These relationships have important
clinical implications, as surgical interventions in the axilla —particularly lymph node bi-
opsy or dissection — may compromise lymphatic drainage of the upper limb and increase
the risk of lymphoedema. A thorough understanding of these anatomical and functional
interconnections is therefore essential for surgical planning aimed at preserving lymphatic
integrity and minimising postoperative complications (Cuadrado et al., 2018; Ma et al.,
2019).

4. Lymphoedema after breast cancer surgery
4.1.  Definition, Classification, and Epidemiology

BCRL is a chronic and progressive condition caused by impairment of the lymphatic sys-
tem following breast cancer treatment. International Society of Lymphology (ISL) de-
scribes lymphoedema as a condition resulting from reduced lymph transport capacity,
leading to accumulation of protein-rich fluid in the interstitial space and producing inter-
nal and/or external manifestations of lymphatic system insufficiency (ISL, 2024). In breast
cancer survivors, lymphoedema may develop months or even years after surgical or radi-
otherapeutic intervention (Armer & Stewart, 2010).

Lymphoedema is classified as primary and secondary. Primary lymphoedema arises from
congenital or hereditary abnormalities of the lymphatic system, including hypoplasia or
aplasia of lymphatic vessels or nodes (ISL, 2024). In contrast, secondary lymphoedema re-
sults from acquired damage to an initially normal lymphatic system and represents the
predominant form observed in breast cancer populations (Kataru et al., 2019). BCRL is
most frequently associated with axillary lymph node dissection, sentinel lymph node bi-
opsy, radiotherapy, infection, or trauma leading to lymphatic obstruction or overload (ISL,
2024; Shen et al., 2022).

The ISL classifies lymphoedema into four clinical stages. Stage 0 represents a latent state
in which lymph transport is impaired without clinically detectable swelling. Stage I pre-
sents with an early, potentially reversible phase characterized by compressible oedema.
Stage Il is characterized by persistent swelling that does not resolve with elevation of the
limb and is associated with increasing tissue fibrosis. Stage III (lymphostatic elephantiasis)
involves pronounced limb enlargement, skin alterations, adipose tissue accumulation, and
a higher susceptibility to recurrent infections (ISL, 2024). This staging system is widely
used in clinical practice and research to describe BCRL severity and progression (Pappa-
lardo et al., 2021).
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The incidence and prevalence of BCRL vary considerably depending on diagnostic criteria,
assessment methods, follow-up duration, and treatment modalities. A pooled analysis
from cohort studies suggests that more than one in five breast cancer survivors develops
lymphoedema, with incidence estimates ranging from 16.6% to 21.9% (DiSipio et al., 2013;
Shen et al., 2022). Prevalence estimates increase with longer follow-up periods. Recent co-
hort data report a cumulative BCRL prevalence of 30.9%, although clinically apparent lym-
phoedema was observed in a smaller proportion of patients (Hing et al., 2024).

4.2, Pathophysiology

BCRL develops as a consequence of lymphatic system injury that exceeds the transport
capacity required to maintain tissue fluid homeostasis (Figure 1). Axillary interventions
and adjuvant therapies disrupt lymphatic vessels and lymph nodes, resulting in compro-
mised lymph clearance, leading to the accumulation of interstitial fluid (ISL, 2024; Pappa-

lardo et al., 2021).
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Figure 1: Pathophysiology of lymphoedema: comparison of normal and obstructed lymphatic flow. Adapted from the
National Cancer Institute (NCI) Lymphedema (PDQ®)-Health Professional Version. (National Cancer Institute, 2024).
Illustration © Terese Winslow, U.S. Government.

Axillary lymph node dissection represents the most significant surgical disruption to lym-
phatic drainage, as removal of lymph nodes and associated vessels reduces lymphatic
transport capacity and compromises lymphatic outflow routes (Che Bakri et al., 2023; Pap-
palardo et al., 2021). Although sentinel lymph node biopsy is less extensive, it may still
precipitate BCRL, particularly when combined with other risk factors such as radiotherapy
(Pappalardo et al., 2021; Shen et al., 2022). Radiotherapy further exacerbates damage to
lymphatic vessels and surrounding soft tissues through fibrotic changes, including re-
duced collecting lymphatic pumping. Although compensatory lymphangiogenesis may
occur after lymphatic injury, newly formed vessels are often structurally and functionally
insufficient to restore normal lymphatic drainage (Kataru et al., 2019).

Impaired lymphatic drainage leads to persistent accumulation of interstitial fluid, which
initiates and sustains a local inflammatory response (Bowman & Rockson, 2024). Chronic
lymph stasis promotes immune cell infiltration, including macrophages and T lympho-
cytes, and the release of pro-inflammatory mediators that further damage lymphatic en-
dothelial cells and disrupt lymphatic contractile function. Rather than being a purely me-
chanical disorder, BCRL is now recognized as a chronic inflammatory condition in which
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lymphatic injury acts as an initiating event that triggers progressive pathological changes
(Bowman & Rockson, 2024; Kataru et al., 2019).

Persistent inflammation promotes progressive fibrosis of lymphatic vessels and surround-
ing connective tissue, leading to reduced vessel compliance and irreversible impairment
of lymph transport. Concomitant expansion of adipose tissue contributes to limb enlarge-
ment and further mechanical obstruction of lymphatic flow (Kataru et al., 2019). Over time,
these processes result in structural and functional deterioration of the lymphatic system,
increased susceptibility to recurrent infections, and the transition from potentially reversi-
ble oedema to chronic lymphoedema (Bowman & Rockson, 2024; Piller, 2020).

4.3. Risk Factors

The development of BCRL is multifactorial, resulting from an interaction between treat-
ment-related exposures, patient-related characteristics, and postoperative or lifestyle-as-
sociated factors (Shen et al., 2022).

Treatment-related factors represent the most consistently identified determinants of BCRL.
Axillary lymph node dissection is associated with a substantially higher risk compared
with sentinel lymph node biopsy. The risk increases with a greater number and higher
level of lymph nodes excised (Shen et al., 2022). Radiotherapy, particularly when lymph
node regions are included in the radiation field, further elevates BCRL risk (Matsumoto et
al., 2025; Shen et al., 2022). Docetaxel-based chemotherapy has also been identified as a
contributing factor. More extensive breast surgery, such as mastectomy, compared with
breast-conserving surgery, has likewise been linked to increased risk (Shen et al., 2022).

Body mass index (BMI) is the most consistently reported patient-related independent pre-
dictor, with both overweight and obesity significantly increasing the likelihood of devel-
oping lymphoedema. Postoperative weight gain further augments this risk (Shen et al.,
2022). Age has shown variable associations across studies (Matsumoto et al., 2025; Shen et
al., 2022). Certain comorbidities, such as hypertension, have also been identified as con-
tributing factors in pooled analyses (Shen et al., 2022).

Postoperative complications play an important role in modifying BCRL risk. Surgical com-
plications such as seroma formation and infection have been associated with a higher in-
cidence of lymphoedema (Shen et al., 2022). From a lifestyle perspective, modifiable factors
— particularly weight management — are emphasized as important targets for prevention,
as elevated BMI and postoperative weight increase consistently correlate with higher
BCRL risk (Hing et al., 2024; Shen et al., 2022). These findings emphasize the importance
of integrating long-term surveillance strategies with patient education and early risk-re-
duction interventions (Hing et al., 2024).

4.4. Clinical Presentation and Diagnosis

The clinical presentation of BCRL is variable and may develop gradually over time. Early
manifestations are often subtle and subjective, frequently preceding objectively measura-
ble changes of limb volume. The most reported symptoms include limb swelling and sen-
sations such as heaviness or tightness, alongside stiffness, pain, and numbness of the af-
fected upper limb. Patients may also describe a perceived increase in limb size, puffiness,
or firmness, even in the absence of clinically detectable oedema (Gursen et al., 2021).

As the condition progresses, visible limb swelling becomes more evident and may extend
to the hand, forearm, upper arm, breast, or trunk on the treated side (Hayes et al., 2012).
Skin and subcutaneous tissue changes can develop over time, including thickening, re-
duced skin elasticity, and increased tissue firmness related to fibrotic and adipose tissue
alterations (ISL, 2024). Functional limitations are commonly reported and may include re-
duced range of motion, impaired manual dexterity, and difficulties performing daily ac-
tivities, contributing to reduced quality of life. Beyond physical impairment, patients fre-
quently experience psychological distress and social limitations associated with chronic
swelling and functional dependency (Hayes et al., 2012).

Accurate management of BCRL requires a thorough understanding of disease diagnosis
and severity, based on a combination of patient history and physical examination. Clinical
evaluation includes review of risk factors and comorbidities, assessment of subjective
symptoms and physical signs, and exclusion of alternative causes of limb swelling (Pap-
palardo et al., 2021). Patient-reported symptoms are increasingly recognized as a valuable
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diagnostic component, particularly for identifying early or subclinical lymphoedema
(Gursen et al., 2021).

Objective diagnosis primarily relies on limb measurements to detect asymmetry or volume
changes. Circumferential tape measurement remains the most widely used clinical method
due to its simplicity, low cost, and good reliability when standardized protocols are fol-
lowed. By using standardized anatomical measurement points, this method enables as-
sessment of the distribution and localization of swelling across different limb segments.
Measurements are typically performed bilaterally, with the unaffected limb serving as a
reference. Limb volume may be estimated from circumference data or alternatively meas-
ured using the water displacement method. No single diagnostic threshold is universally
accepted, highlighting the importance of consistent baseline and follow-up measurements
for accurate detection of BCRL (Dylke, 2022).

In addition to circumferential tape measurements, instrument-based methods are increas-
ingly used as a complementary assessment of BCRL (Dylke, 2022). Bioimpedance spectros-
copy is used to estimate extracellular fluid changes and is particularly sensitive for detect-
ing early or subclinical changes (Dylke, 2022; Shah et al., 2023). Perometry uses optoelec-
tronic scanning to automatically calculate limb volume, providing a rapid, accurate, and
highly reproducible measurement, although the requirement for specialized equipment
limits its routine clinical use (Dylke, 2022; Sun et al., 2018).

5.  Physiotherapy approach for lymphoedema

5.1.  Aims of physiotherapy

Physiotherapy management of BCRL is based on a conservative, multimodal approach
aimed at reducing oedema, improving upper limb functional capacity, and supporting
long-term management. Available evidence suggests that the most effective management
involves the integration of multiple complementary therapeutic interventions tailored to
the individual patient (Shamoun & Ahmad, 2023).

5.2.  Complex decongestive therapy

Complex decongestive therapy (CDT) plays a central role in the physiotherapy manage-
ment of lymphoedema. A systematic review and meta-analysis of randomised controlled
trials demonstrate that CDT leads to a clinically meaningful reduction in the volume of the
affected limb and improvement in functional outcomes when delivered in a structured and
long-term manner. CDT is a multimodal intervention comprising manual lymphatic drain-
age, compression therapy, therapeutic exercise, skin care, and patient education, with its
effectiveness attributed to the concurrent and coordinated application of these components
rather than to any single modality alone. Manual lymphatic drainage is incorporated
within CDT protocols as a core component aimed at facilitating lymphatic flow and sup-
porting oedema reduction during the intensive phase of treatment. Compression therapy
represents a key element of CDT, as it plays a central role in maintaining achieved limb
volume reduction and preventing reaccumulation of lymphatic fluid (Shamoun & Ahmad,
2023). Skin care is described in the literature as an integral component of CDT and is con-
sistently included within treatment protocols as part of patient education and self-man-
agement. Its primary purpose is the prevention of skin damage and infection rather than
a direct contribution to limb oedema reduction (Shamoun & Ahmad, 2023; Torres-
Lacomba et al., 2020). A comparative clinical study showed that compression bandaging
(Figure 2) was more effective in reducing oedema than kinesiotaping, although the latter
was perceived as more comfortable by some patients (Torres-Lacomba et al., 2020).
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Figure 2: Cofnpression bandaging of the upper limb in BCRL. From (Yaman et al., 2021, CC BY-NC 4.0 License).

5.3.  Therapeutic exercise

Therapeutic exercise represents an important active component of the physiotherapy pro-
gramme. Systematic reviews indicate that physical exercise, including resistance training,
does not exacerbate lymphoedema and does not lead to an increase in upper limb volume
in women following breast cancer treatment (Baumann et al., 2018). Further evidence con-
firms that resistance exercise does not negatively affect the circumference or volume of the
affected limb, while contributing to improvements in muscle strength and physical perfor-
mance when progressively loaded and individually tailored (Hasenoehrl et al., 2020). An
evidence-based review of guidelines additionally reports consensus regarding the safety
and effectiveness of resistance exercise as part of a comprehensive rehabilitation pro-
gramme for BCRL (Wang et al., 2023).

5.4. Additional physiotherapy interventions

Among adjunct physiotherapy interventions, kinesiotaping is frequently discussed in the
literature. A systematic review indicates that kinesiotaping does not provide a consistent
reduction in upper limb volume when used as a standalone intervention. Some studies
have reported improvement in functional outcomes and perceived quality of life (Marotta
et al., 2023). These findings are further supported by a more recent meta-analysis, which
highlights the heterogeneity of results and methodological differences across studies
(Yang et al., 2024). Randomised clinical trials additionally suggest that, in the early stages
of lymphoedema, kinesiotaping may be comparable to compression garments in terms of
limb circumference reduction and may be associated with lower levels of pain (Ozsoy-
Unubol et al., 2019).

Hydrotherapy, or therapeutic exercise performed in water, is described in recent literature
as an adjunct physiotherapy intervention in the rehabilitation of women following breast
cancer treatment, including those with BCRL. A systematic review with meta-analysis re-
ports that aquatic exercise has a positive effect on quality of life, pain reduction, range of
motion, and certain symptoms associated with lymphoedema; however, these effects are
predominantly short-term and supported by a low level of evidence certainty (Silva et al.,
2025). Aquatic therapy represents a component of physiotherapeutic intervention for lym-
phoedema following breast cancer surgery. In a prospective, single-blind randomized con-
trolled trial, an 8-week programme of aqua therapy resistance exercises performed three
times per week resulted in significant reductions in limb volume and pain intensity, as
well as improvements in shoulder range of motion, compared with a land-based exercise
programme in women with post-mastectomy lymphoedema (Ali et al., 2021).

Photobiomodulation is also described as an adjunct non-pharmacological intervention.
Systematic reviews report potential beneficial effects on oedema reduction and pain relief;
however, findings remain inconsistent, largely due to variability in treatment protocols
and methodological limitations of the included studies (Baxter et al., 2017; Chen et al.,
2019).
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5.5. Education

Patient education constitutes an important component of physiotherapy management in
BCRL, particularly within the maintenance phase of CDT. Systematic reviews indicate that
patient education supports recognition of early symptoms, skin protection, appropriate
physical activity and risk reduction practices, thereby enhancing patient engagement in
self-care and supporting long-term management, although without a direct effect on limb
volume reduction (Perdomo et al., 2023). Long-term management of BCRL relies on active
patient participation, self-management and adherence to prescribed therapeutic recom-
mendations (Shamoun & Ahmad, 2023). Education delivered by physiotherapists focuses
on condition self-monitoring, appropriate use of compression therapy, continuation of
therapeutic exercises, skin care and early recognition of signs of deterioration, which are
essential for preventing complications and maintaining treatment effects (Torres-Lacomba
et al., 2020; Wang et al., 2023).

6. Discussion

BCRL represents a complex clinical condition resulting from the interaction between ana-
tomical characteristics of the lymphatic system, treatment-related damage, and individual
patient-related risk factors (ISL, 2024; Pappalardo et al., 2021). Anatomical studies have
demonstrated that lymphatic drainage of the breast and upper limb frequently converges
within the axillary region, with lymph from both areas draining into the same axillary
lymph nodes, including the sentinel lymph nodes (Cuadrado et al., 2018; Ma et al., 2019).
This anatomical interconnection provides a clear explanation for the increased susceptibil-
ity following axillary surgical procedures performed as part of breast cancer treatment.

Although contemporary surgical approaches, such as sentinel lymph node biopsy, are less
invasive than axillary lymph node dissection, disruption of lymphatic structures remains
a relevant risk factor, particularly when combined with radiotherapy or other established
contributors (Leong et al., 2022; Shen et al., 2022). Importantly, the pathophysiology of
BCRL extends beyond simple mechanical obstruction. Damage to lymphatic vessels re-
duces lymph transport capacity, leading to the accumulation of protein-rich interstitial
fluid, while chronic inflammation plays a central role in disease progression (ISL, 2024;
Kataru et al., 2019). Persistent lymph stasis promotes immune activation, fibrosis, and ad-
ipose tissue deposition, resulting in irreversible tissue changes and reduced reversibility
of lymphoedema (Kataru et al., 2019; Piller, 2020).

The progressive nature of BCRL highlights the importance of early detection, including
identification of subclinical stages. Subjective symptoms such as limb heaviness or tight-
ness often precede measurable volume changes, emphasising the clinical value of patient-
reported outcomes in early recognition (Gursen et al., 2021).

Within this context, physiotherapy is consistently identified as a central component of con-
servative BCRL management. CDT remains the gold standard of care, as it integrates com-
pression therapy, manual lymphatic drainage, therapeutic exercise, skin care, and patient
education, addressing multiple pathophysiological mechanisms simultaneously. Evidence
from a systematic review indicates that CDT leads to clinically meaningful reductions in
limb volume and improvements in functional outcomes when applied in a structured and
long-term manner (Shamoun & Ahmad, 2023).

Therapeutic exercise has gained increasing importance in contemporary physiotherapy
practice. Current evidence demonstrates that progressive, individually tailored exercise
programmes, including resistance training, do not exacerbate lymphoedema and contrib-
ute to improvements in muscle strength, functional capacity, and quality of life (Baumann
et al., 2018; Hasenoehrl et al., 2020; Wang et al., 2023). Adjunct interventions such as kine-
siotaping, hydrotherapy, and photobiomodulation may provide additional benefits; how-
ever, evidence regarding their effectiveness in reducing oedema remains inconsistent, sup-
porting their role as complementary rather than primary interventions (Marotta et al.,
2023; Yang et al., 2024).

Patient education represents a crucial component of long-term BCRL management. Alt-
hough education interventions alone do not directly reduce limb volume, they support
early symptom recognition, promote effective self-management, and contribute to the pre-
vention of complications (Perdomo et al., 2023).
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Finally, considerable interindividual heterogeneity exists in the onset, severity, and pro-
gression of BCRL, even among patients with similar oncological treatments (Hing et al.,
2024; Pappalardo et al., 2021). This variability underscores the importance of individual-
ised assessment and tailored physiotherapy interventions. Moreover, methodological het-
erogeneity across clinical studies highlights the need for standardised diagnostic criteria
and long-term, high-quality research to optimise evidence-based management strategies
further (Dylke, 2022; Yang et al., 2024).

7. Conclusions

BCRL is a common long-term complication associated with disruption of axillary lym-
phatic pathways and the anatomical interconnection between the lymphatic drainage of
the breast and upper limb (Cuadrado et al., 2018; Ma et al., 2019). Evidence indicates that
it is a chronic and progressive condition, for which physiotherapy, particularly CDT, rep-
resents the cornerstone of conservative management (Kataru et al., 2019; Shamoun & Ah-
mad, 2023). Effective long-term outcomes depend on the integration of anatomical
knowledge, evidence-based physiotherapy and interdisciplinary collaboration, alongside
active patient involvement (Hing et al., 2024; ISL, 2024).
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