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Abstract
Purpose of Review Shoulder dysfunction widely affects function and quality of life of cancer survivors. This paper discusses 
the etiology, identification, evaluation, and management of the common shoulder impairments seen in cancer survivors, 
particularly those with breast cancer, head and neck cancer, and Hodgkin lymphoma.
Recent Findings Shoulder dysfunction can be caused by a wide range of sources, often as a sequelae of cancer treatments 
including surgery, systemic therapy, and radiation therapy. These can change the shoulder biomechanics leading to 
musculoskeletal disorders such as rotator cuff disease and adhesive capsulitis. Other etiologies include neuromuscular 
complications, such as post-breast surgery pain syndrome and radiation fibrosis syndrome, and lymphovascular disorders 
such as lymphedema and axillary web syndrome. Metastatic bone disease and primary bone cancer should be considered for 
those with intense shoulder pain. Detailed history and physical exam, and in some cases, imaging can assist with evaluation 
of shoulder issues. Exercise, physical and occupation therapy are essential in managing shoulder dysfunction.
Summary Shoulder dysfunction can limit function and quality of life for cancer survivors. It is important to consider the 
possible etiologies as accurate diagnosis is critical for optimal treatment.

Keywords Breast Cancer · Head and Neck Cancer · Hodgkin lymphoma · Shoulder Dysfunction · Shoulder Pain · Post-
Mastectomy Pain Syndrome

Introduction

According to the American Cancer Society, 1,958,310 new 
cancer cases are projected for the year 2023 and the five-
year relative survival rate has been rising for most types 
of cancer since 1970s [1]. As such, improving long-term 
quality of life is an imperative for cancer survivors. Shoulder 
dysfunction is common in the general population and may be 
more prevalent in a number of cancer survivor groups such 
as those with breast cancer [2], head and neck cancer (HNC) 
[3, 4], and Hodgkin lymphoma (HL) [5]. The modalities 
used to treat cancer – namely surgery, and radiation therapy 

(RT) – contribute to the increased incidence and severity 
of shoulder dysfunction in these groups [6, 7]. About half 
of breast cancer survivors, for instance, will experience 
shoulder impairment [8, 9]. For HNC patients, prevalence of 
shoulder syndrome varies widely depending on the degree 
of surgical resection and radiation (ranging 9%-100%) [4, 7]. 
In one study, 73% of 100 HL survivors experienced shoulder 
dysfunction [5]. In this article, we will discuss the etiology, 
identification, evaluation, and management of the most 
common causes of shoulder issues in cancer survivors.

Musculoskeletal Disorders

Post‑Surgical Pain

Post-surgical shoulder dysfunction is particularly prevalent 
in breast cancer survivors as a result of multimodal treatment 
including surgery, systemic therapy, and RT [2]. Extent 
of surgery is a major risk factor, with higher risk for pain 
and slower recovery of shoulder range of motion (ROM) 
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with total mastectomy and axillary lymph node dissection 
(ALND) than partial mastectomy and sentinel lymph node 
biopsy (SLNB) [10–14]. Post-operative shoulder pain may 
discourage patients from moving their upper extremities, 
reducing shoulder ROM, ultimately leading to shoulder 
pathology [2].

When evaluating patients with immediate post-operative 
pain, it is crucial to rule out acute surgical complications 
including dehiscence, seroma, infection, and flap necrosis 
[2]. Post-surgical pain typically has an acute onset, is located 
around the surgical scar, and limits strength and ROM, with 
more restriction in active than passive movement. During 
physical examination, patients may exhibit tenderness at the 
surgical site.

Exercise enhances surgical recovery, including shoul-
der ROM and outcomes as measured by the Disabilities of 
the Arm, Shoulder, and Hand (DASH) score, according to 
multiple studies [15–21]. Pre-operative exercise can help 
optimize upper extremity function in patients with breast 
cancer awaiting mastectomy [22]. Rehabilitation services, 
including physical therapy (PT) and occupational therapy 
(OT), are highly recommended after surgery according to 
a clinical practice guideline [15]. Early rehabilitation with 
shorter immobilization periods was beneficial, leading to 
improved shoulder mobility [21]. According to one pro-
spective study of 60 patients who underwent mastectomy 
and immediate implant-based reconstruction, the group 
with unlimited shoulder ROM 15 days after surgery yielded 
better outcomes in pain and function than the group who 
had limited shoulder ROM until 30 days post-surgery [18]. 
Moderate to vigorous exercise also improved shoulder func-
tion and reduced chronic postoperative pain [20]. Another 
study noted decreased strength in both the affected and unaf-
fected limbs for post-operative breast cancer patients, thus 
patients may benefit from therapy that involves bilateral 
upper extremities [16].

A systemic review examined the effects of perioperative 
nonsteroidal anti-inflammatory drug (NSAID) administra-
tion and found only low-certainty evidence for reduction in 
postoperative pain and little evidence on its impact on breast 
hematoma or bleeding [23]. Opioids and interventional 
procedures are often used to manage severe post-operative 
pain. One study showed that ultrasound-guided erector spi-
nae plane block after breast surgery decreased postoperative 
opioid consumption within 24 hours post-surgery [24].

Rotator Cuff Disease (RTC)

RTC disease and shoulder impingement syndrome (SIS) are 
common in both the general and cancer populations. Cancer 
treatments can alter shoulder mechanics, leading to RTC 
pathology, reduced ROM and pain [4, 7, 25]. Late effects 
of RT, cervical spondylosis, or any disorder that affects the 

C5-C6 nerve roots and/or upper brachial plexus can cause 
RTC muscle weakness and referred pain to the lateral shoul-
der. Weakness of the RTC can result in anterior translation 
of the humerus (often worsened by mastectomy, reconstruc-
tion, radiation, and axillary cording), dynamic impingement 
of the RTC tendon under the acromial arch, RTC inflamma-
tion, and ultimately adhesive capsulitis (AC) with restricted 
ROM and shoulder pain [2]. Pain from nerve dysfunction, 
tendonitis, AC, and other pathologies further disincentiv-
ize shoulder movement creating a vicious cycle of shoulder 
dysfunction (Fig. 1 [2]) [2, 7, 26]. Post-surgical pain and 
pectoralis muscle tightening can also affect scapular kin-
ematics, predisposing breast cancer patients to SIS [25, 27, 
28]. One study revealed that biceps tenosynovitis, supraspi-
natus partial tear, and AC were top three ultrasonographic 
findings in patients with chronic shoulder pain after breast 
cancer surgery [29].

Clinical presentation and evaluation for RTC disease are 
similar for cancer and general populations. Patients have 
shoulder pain that is worsened by movement, with limited 
active ROM. Special tests to assess for impingement are 
helpful (Table 1 [30]) [30, 31].

Routine imaging is unnecessary, but ultrasound, MRI, or 
MRA can be considered if nonsurgical treatments are inef-
fective, in cases of trauma, or if suspicious for RTC tear. 
Ultrasound is the most cost-effective and accurate imaging 
for full-thickness tears [31].

PT and OT are important for patients with RTC disease. 
Active and task-oriented exercises are preferred over passive 
modalities. Manual therapy and acupuncture may be help-
ful. Therapeutic ultrasound and laser therapy are not recom-
mended although they may slightly reduce pain immediately 
after the intervention. There is insufficient evidence on the 
use of proprioceptive taping, transcutaneous electrical nerve 
stimulation (TENS) stimulation, pulsed electromagnetic 
fields, interferential currents, or iontophoresis. For second-
line treatment, extracorporeal or radial shockwave therapy 
and calcific lavage can be considered [31].

Oral and topical analgesics, such as NSAIDs can be used 
for pain management. There was no difference in efficacy 
between COX-2 selective and non-selective NSAIDs [31]. 
Corticosteroid injection (CSI) can provide short-term relief 
for severe pain compared to placebo or an anesthetic injec-
tion [31]. Multiple CSIs are not superior to a single injec-
tion. If there is a full-thickness tear, CSI can increase risk 
of retear. Hyaluronic acid injections are not recommended 
because they do not significantly reduce pain compared 
to placebo [31]. Platelet rich plasma (PRP) injection may 
help to reduce pain however there is insufficient data on its 
efficacy for complete tears [31]. While there has been no 
direct correlation in literature between use of PRP and risk 
of tumor growth, there is still a theoretical risk of promoting 
tumor proliferation due to addition of growth factors. Thus, 
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recent malignancy (both solid tumors and hematological 
diseases) was considered as relative contraindication with a 
Level 5 level of evidence [32]. Yuan and Gellhorn also con-
cur with this statement, reporting cancer (localized or meta-
static) as a contraindication to PRP therapy and history of 
cancer as a relative contraindication [33]. Thus, discussion 

with the oncologist prior to considering PRP injection would 
be necessary.

Early orthopedic referral is advisable for patients with 
full-thickness tears, particularly those who are young, 
engaged in physically demanding work, or have a history of 
traumatic onset [31]. Surgery is generally not recommended 
for RTC disease secondary to late effects of radiotherapy 
given the potential progressive nature of radiation fibrosis 
syndrome.

Adhesive Capsulitis

Commonly referred to as frozen shoulder, AC results in 
persistent pain and diminished active and passive ROM, 
accompanied by stiffness in the glenohumeral joint. It 
may manifest following mastectomy or other surger-
ies that induce pain, tightness in the pectoral muscles, 
RTC issues, or alterations in shoulder girdle biomechan-
ics. These factors can lead to protective postures that 
strain the joint capsule, consequently restricting shoul-
der mobility and potentially causing secondary AC [34]. 

Fig. 1  Shoulder dysfunction 
and its cycle in cancer patients. 
This schematic illustrates how 
cancer treatments can contribute 
to shoulder disorder, particu-
larly in breast cancer patients 
although can be applied to 
understand shoulder dysfunc-
tion in other cancer populations

Table 1  Physical exam maneuvers for evaluation of RTC disease

Hawkin’s test Sensitivity: 75-92% 
Specificity: 44-48%
For predicting subacromial bursitis and impingement

Neer’s test Sensitivity: 75-86%
Specificity: 48-49%
For subacromial bursitis

Empty can test Sensitivity: 62%
Specificity: 54%
For partial thickness tear or tendinitis of the 

supraspinatus tendon
Drop arm test Specificity: 98%

Likelihood ratio: 5.0
For supraspinatus tendinopathy and/or tear
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Pathophysiology is unclear although it is thought to 
develop due to an inflammatory process leading to fibro-
sis and contracture of the glenohumeral joint [28].

AC progresses through three distinct phases [34]: 1) 
First stage (painful freezing stage) lasts for 2-9 months. 
Patients report sharp, diffuse shoulder pain with gradual 
increase in stiffness. 2) Second stage (frozen stage) 
lasts for 4-12 months. Patients experience peak loss of 
shoulder ROM and stiffness. 3) Third stage (thawing 
stage) takes 5 months-2 years to complete. Patients 
notice gradual regain of shoulder ROM. In most cases, 
AC is self-limiting and resolves within 2 years however 
in 20-50 % cases, symptoms may last longer [35]. Risk 
factors include age, breast reconstruction, lymphedema, 
lymph node dissection, and aromatase inhibitor therapy 
[28, 35].

Clinically, patients present similarly to those with SIS. 
Patients typically have shoulder pain and substantially 
reduced active and passive ROM in at least two planes, 
especially with external rotation and abduction [28]. To 
distinguish AC from SIS, a subacromial injection with 
a local anesthetic can be used as it should alleviate pain 
while ROM remains limited in AC [28].

Management of AC focuses on improving ROM and 
pain. PT and exercise are highly recommended. Progres-
sive banded strengthening exercises and scapular stabili-
zation maneuvers showed improvement of shoulder ROM 
and overall quality of life [36]. Oral medications can be 
used for pain, and CSI into the glenohumeral joint can 
alleviate pain and improve ROM in both short and long 
term [28, 37]. Other interventions include hyaluronic 
acid and PRP injections, hydrodistension, extracorporeal 
shockwave therapy, low level laser therapy and calcitonin 
although these are not done routinely [38, 39]. If no suc-
cess with above therapies, surgery can be considered such 
as manipulation under general anesthetic or arthroscopic 
capsular release [38].

Arthralgias

Arthralgia is defined as joint pain or stiffness. Certain cancer 
treatments can cause arthralgia involving multiple joints, 
including the shoulder [2]. Aromatase inhibitor-associated 
musculoskeletal symptoms and immune checkpoint inhibi-
tor-induced arthralgias are two common conditions seen in 
cancer population.

Aromatase Inhibitor‑Associated Musculoskeletal Symptoms 
(AIMSS)

Aromatase inhibitors (AIs) commonly cause musculoskel-
etal symptoms, specifically AI-induced arthralgia (AIA), 
affecting 20-70% of patients [40, 41]. Patients often discon-
tinue AIs due to arthralgia. Symptoms can be intermittent 
or continuous and can involve multiple joints, with symp-
toms presenting within 2 months and peaking at 6 months 
[42–44]. Currently, pathophysiology of AIMSS is unknown, 
although multiple mechanisms have been proposed [42, 43, 
45–47]. There are no studies directly comparing AIs (anas-
trozole, letrozole, exemestane) [47]. Diagnosis lacks stand-
ardized criteria, though proposed criteria by Niravath et al in 
2013 are available (Table 2 [48]) [42, 45, 47, 48].

Management options include switching AI agents, exer-
cise, oral medications, and acupuncture [42, 43]. Intermit-
tent letrozole treatment, suggested by the Phase III SOLE 
trial, can be considered, demonstrating comparable disease 
outcomes [49]. Exercise and PT improve pain and quality of 
life. Combined aerobic and resistance exercises are recom-
mended [40, 50–54]. Walking, swimming, tai-chi, Pilates 
and yoga also demonstrated beneficial effects for AIA [45, 
47, 52]. NSAIDs and acetaminophen can be used for acute 
pain control [42, 47]. Duloxetine showed reduced joint pain 
after 12 weeks and high patient-perceived benefit despite 
increased rate of adverse events [55]. Bisphosphonate 
also has potential benefit in preventing AIA as there was a 

Table 2  Definition of Aromatase Inhibitor-induced Arthralgia (AIA). Niraveth et al proposed this criteria, in which patients should meet all of 
the major and 3 of the minor criteria for diagnosis of AIA

Adapted with permission from Niravath P. Aromatase inhibitor-induced arthralgia: a review. Ann Oncol. 2013;24(6):1443-9. doi: 10.1093/
annonc/mdt037.

Major criteria
Currently taking AI
Joint pain which has developed or worsened since starting AI
Joint pain improves or resolves within 2 weeks of stopping AI
Joint pain returns upon resuming AI
Minor criteria
Symmetrical joint pains
Pain in hands and/or wrists
Carpal tunnel syndrome
Decreased grip strength
Morning stiffness
Improvement in joint discomfort with use or exercise
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significantly lower incidence at 1-year follow-up in patients 
who received zoledronic acid compared to controls [56]. 
Prednisone and topical testosterone gel had mixed benefits 
[47, 57]. Acupuncture showed promising results with several 
literature reporting its effectiveness in reducing pain and 
joint stiffness [42, 46, 47]. Nutritional supplements such as 
vitamin D, omega 3 fatty acid, and herbal remedies had no 
sufficient evidence for AIMSS [58]. One single-arm, phase 
II study showed moderate improvement of AI-induced 
arthralgia with glucosamine/chondroitin which appears 
promising [59].

Immune Checkpoint Inhibitor (ICI)‑Induced Arthralgia

ICIs are monoclonal antibodies targeting immune check-
points (cytotoxic T-lymphocyte-associated protein-4 
(CTLA-4), programmed cell death protein 1 (PD-1), and 
programmed death ligand 1 (PD-L1)) which normally down-
regulate T-cell activation and prevent autoreactivity [60]. 
Thus, ICIs can amplify T-cell response, enhancing anti-
tumor effect [61]. This however can lead to immune-related 
adverse events (irAEs), commonly causing arthralgia with 
prevalence as high as 43% [62]. Shoulder joint is frequently 
involved [63].

This is a clinical diagnosis. Other potential etiology of 
arthralgia should be excluded including gout, pseudogout, 
infection, rheumatologic or metastatic etiology [64]. Median 
symptom onset is 3 months after starting ICIs and clinically 
it may present with various patterns. Imaging at baseline can 
be useful. MRI and ultrasound are more sensitive than plain 
radiograph for synovitis and erosions.

Early referral to a rheumatologist is recommended [64]. 
Mild arthralgia can be managed with oral NSAIDs or a low 
to moderate dose of corticosteroids. In cases involving only 
one or two joints, CSI may be performed. If the patient 
responds well to treatment, there is no need to discontinue 
ICI. In cases of severe joint pain and swelling, the initial 
approach involves higher doses of oral corticosteroids (40-60 
mg of prednisone) with a gradual tapering over 4-6 weeks. 
Intravenous corticosteroids are also an option. A review 
of case reports and case series also supports effectiveness 
of high dose prednisone [65]. If there is no improvement, 
disease-modifying antirheumatic drugs (DMARDs), such as 
methotrexate, should be initiated.

Pectoralis Minor Syndrome (PMS)

Often classified as a subtype of neurogenic thoracic out-
let syndrome, PMS has been observed in clinical setting 
although no studies have yet investigated the connection 
between PMS and breast cancer [28].

Ahmed et al. provided a comprehensive description of 
pathoanatomy, diagnosis, and management of PMS [66]. 

Pectoralis minor muscle originates from the costal cartilage 
margin of  3rd-5th ribs, inserts onto the superomedial aspect 
of the coracoid process, and acts as a dynamic stabilizer 
of the scapula, regulating the retropectoralis minor space. 
Hyperactivity, spasms, or fibrosis of the muscle can result in 
its shortening, causing muscle contracture, protracted scap-
ular positioning, and scapular dyskinesia. Brachial plexus 
passes through the retropectoralis minor space and is subjec-
tive to compression.

Shortening of pectoralis minor muscle is common follow-
ing breast cancer treatment, predisposing patients to PMS 
[67]. A retrospective study suggested possible pectoralis 
minor muscle volume change after radiotherapy which can 
affect scapular movement [68]. Clinically, patients typically 
present with pain around the shoulder, neck, trapezius, and 
medial scapula, often with muscle spasms and non-specific 
paresthesia. Physical exam is notable for scapular dyskine-
sia, limited ROM, tenderness and positive Tinel’s sign over 
the pectoralis minor muscle, and hand atrophy may be found 
as a late presentation. Provocative exams such as Adson, 
Wright, and Roos tests are nonspecific with high false posi-
tive rates [66].

PMS is a clinical diagnosis. Pectoralis muscle length and 
tightness can be assessed indirectly by observing scapular 
positioning during dynamic exam [66]. Palpation meter 
(PALM) can be a simple and cost-effective tool to evaluate 
pectoralis minor length in breast cancer patients [67]. In 
case of brachial plexus compression, local anesthetic injec-
tion into the pectoralis minor muscle is the gold standard 
approach for diagnosis [28, 66]. Electrodiagnostic studies 
can be used although it is most commonly within the normal 
range in PMS [33, 69].

Imaging can exclude alternative causes, such as a Pan-
coast tumor or other structural abnormalities. MRI of bra-
chial plexus can reveal potential compression sites, nerve 
edema, fibrosis, or other pathologies that might resemble 
PMS such as space-occupying lesions or nerve sheath 
tumors. Ultrasound offers a dynamic assessment of the 
shoulder, revealing a posterior indentation of the muscle 
during arm abduction in PMS. This indentation is attrib-
uted to the shortened and fibrosed pectoralis muscle press-
ing against the brachial plexus in the retropectoralis minor 
space [66].

Conservative treatment with pectoralis muscle stretch-
ing, strengthening of scapular retractor muscles, and postural 
training are first-line management, with the goal to improve 
pectoralis muscle length and flexibility while retaining 
scapular mechanics and scapulohumeral rhythm [28, 66]. To 
keep the shoulders in passive retraction, kinesiotaping and 
orthotic bracing can be used [66, 70]. Surgical intervention 
with pectoralis minor release is considered only for refrac-
tory cases [28, 66]. Botulinum toxin injection may also play 
a role in diagnosis and treating PMS. According to a recent 
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systemic review, while there was limited quality evidence 
with only one randomized control trial, total of 8 studies 
were reviewed with 46-63% of primary procedures showing 
improved symptoms [65].

Bony Metastasis and Primary Bone Cancer

When assessing cancer survivors with new onset or progres-
sively worsening upper extremity pain, it is critical to con-
sider malignancy. A variety of oncologic lesions, including 
primary sarcomas, benign tumors, and metastatic bone dis-
eases can cause upper extremity pain [71, 72]. Lung, renal, 
prostate, breast, thyroid cancers, and multiple myeloma 
often metastasize to bones, with the humerus being a com-
mon site [69, 73, 74]. Patients with proximal humeral lesions 
typically experience dull, consistent shoulder or arm pain, 
especially at rest and night, often unrelieved by medications 
[71, 73]. A thorough physical exam is crucial, along with 
imaging, to exclude malignancy [73]. Clinician should refer 
patients to an oncologist if metastatic disease or primary 
bone lesions are suspected.

Managing bone metastasis involves preventing progres-
sion and alleviating pain [74]. Regular physical activity is 
recommended, but there is no standardized exercise proto-
col for those with metastatic bone disease [75–79]. Super-
vised exercise is preferable to reduce the risk of fracture 
[78]. Exercise should be modified based on lesion location, 
avoiding rapid or forceful movements in affected areas [79]. 
Untreated unstable osseous sites, like pathological fractures, 
should be excluded from physical activity [75, 76]. Various 
fracture risk assessment tools, including the Mirels score, 
can be used [76, 77, 80].

Local external beam radiation effectively alleviates met-
astatic bone pain, with a high overall response rate [81]. 
Zoledronic acid was also shown to be effective [82]. Other 
treatments include radionuclides, oral medications (opioids, 
anticonvulsants, antidepressants, corticosteroids), and inter-
ventional procedures [83]. For structurally significant lesions 
in long bones, surgery may be necessary [74]. Impending 
or complete scapula fractures can be treated conservatively, 
while most displaced proximal humeral fractures will require 
surgery [73].

Neuromuscular Disorders

Post‑Breast Surgery Pain Syndrome (PBSPS)

PBSPS, often called “post-mastectomy pain syndrome”, 
is commonly seen after breast surgery, affecting 20-68% 
of breast cancer patients [84]. The updated terminology 
for this disorder reflects the fact that many of the patients 

affected by this disorder underwent lumpectomy and not 
mastectomy [85]. Additionally, breast reconstruction is a 
common and often major contributor to PBSPS. The dis-
order has been defined in the literature as a persistent dull, 
burning, and aching sensations in the ipsilateral chest, 
axilla, and arm that extends beyond the expected heal-
ing period, lasting at least 3-6 months post-surgery [34]. 
This definition, however, best describes the neuropathic 
pain component of this disorder. Many patients describe 
squeezing pain and tenderness in shoulder girdle and other 
muscles that likely reflects secondary muscle spasm and 
pain from disruption of neural innervation. The defini-
tion and component etiologies of PBSPS are continuing 
to evolve and remain poorly defined [28]. An article from 
2016 proposed a standardized definition of moderate or 
severe pain persisting for at least 6 months after breast 
surgery, affecting the ipsilateral breast, chest wall, axilla, 
and/or arm at least 50% of the time [85]. PBSPS increases 
risk for subsequent shoulder dysfunction.

Intercostobrachial nerve (ICBN) injury and subsequent 
neuroma formation is commonly implicated as a contribu-
tor to the neuropathic pain component of PBSPS. Damage 
to other peripheral nerves (medial pectoral, lateral pectoral, 
thoracodorsal, long thoracic nerve, and  3rd-6th intercostal 
nerves) are also contributory to both neuropathic and mus-
cular pain [34, 84]. Risk of injuring the ICBN is high during 
surgery especially when ALDN is performed [2, 28, 84]. 
Other risk factors include higher BMI, concurrent radiation 
therapy, lack of social support and younger age [34].

PBSPS is diagnosed clinically. Abnormal sensation and 
possible Tinel’s sign in the medial portion of the upper arm 
can direct to possible ICBN injury [28]. Intercostal and 
intercostal cutaneous branch neuromas can also be identified 
by focal tenderness on physical exam with positive Tinel’s 
sign with radiating symptoms along the distribution of the 
nerve. Frequently, pain is located close to surgical scar lines. 
Ultrasound can visualize neuromas and is a useful modality 
for evaluation. “Ultrasound trigger sign,” achieved by palpat-
ing the neuroma with the transducer, can aid in diagnosis. 
Confirmation with a nerve block, which also has therapeutic 
benefits, further supports the diagnosis [28, 86].

Management of PBSPS is well-documented, supporting 
multidisciplinary approach [28, 87–89]. Exercise and PT 
were noted to be beneficial, with guidelines recommending 
beginning exercises as early as one day post-surgery [90, 91]. 
The focus initially involves gentle ROM, then progresses 
to strengthening exercises and restoring full ROM over 6-8 
weeks [91]. Myofascial release to reduce mechanical traction 
on neuromas can be extremely helpful [90]. Other treatment 
options include mindfulness-based cognitive therapy, oral 
analgesics, antidepressants, capsaicin, laser therapy, botuli-
num toxin injections, nerve blocks, fat grafting, and neuroma 
surgery [87, 92].
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Radiation Fibrosis Syndrome (RFS)

Radiation fibrosis (RF) is a progressive, irreversible tissue 
sclerosis caused by radiation therapy, leading to clinical 
sequelae known as RFS [7]. RFS can affect any structure 
within the radiation field, including neuromuscular struc-
tures, causing myelopathy, radiculopathy, plexopathy, 
neuropathy, myopathy, or a combination (myelo-radiculo-
plexo-neuro-myopathy), ultimately contributing to shoulder 
dysfunction [7, 93–95].

C5 and C6 radiculopathy and radiation-induced cervi-
cal and brachial plexopathy (RICP, RIBP) can result in 
myotomal-patterned weakness, affecting rhomboids, RTC 
muscles, deltoid, and biceps [7, 26, 95, 96]. RIBP typically 
involves the upper trunks and is often accompanied by radic-
ulopathy [7] Symptoms include mild paresthesia, numbness, 
swelling, weakness, and pain in the upper extremity [7, 97]. 
Distinguishing RIBP from neoplastic plexopathy is crucial. 
While RIBP is usually characterized by weakness and par-
esthesias and neoplastic plexopathy by severe pain, imaging 
such as gadolinium-enhanced MRI or PET/CT is the only 
way to exclude malignancy [97]. Shoulder dysfunction may 
also accompany cervical dystonia, which causes kyphotic 
deformity and reduced cervical ROM [98].

Mononeuropathies involving dorsal scapular, suprascap-
ular, or long thoracic nerves can cause shoulder dysfunc-
tion [96]. Dorsal scapular nerve injury weakens rhomboids, 
leading to protracted scapula and altered shoulder biome-
chanics [7]. Neck dissections in HNC patients contribute 
to shoulder disorder, with extensive lymph node dissection 
associated with greater impairment [99]. Spinal accessory 
neuropathy (SAN) is a major contributor to shoulder syn-
drome in HNC patients given its superficial course across 
the posterior triangle of the neck, susceptible to surgical 
injury [4, 100]. Studies noted higher risk with surgical dis-
sections performed at levels 2b and 5, with level 2b-sparing 
selective neck dissection showing reduced risk for shoulder 
impairment [100, 101].

Evaluation

This is a clinical diagnosis [93, 95, 96]. Detailed oncologic 
history is critical, including total radiation dose and dose 
per fraction [96, 102]. Physical exam should begin with 
inspection, assessing for any postural abnormality, mus-
cle atrophy, or skin abnormality which may be useful to 
speculate radiation field and identify structures involved in 
the field [93]. Musculoskeletal and neurologic exam should 
also be performed. Electrodiagnostic studies may be useful. 
In radiculo-plexopathy, fasciculations and myokymic dis-
charges may be seen on EMG whereas radiation-induced 
myopathy may reveal myopathic motor unit changes [93]. To 
rule out malignancy, gadolinium-enhanced MRI or PET/CT 

is typically necessary. In cases where malignancy is still sus-
pected despite normal imaging, serial imaging at 3-month 
intervals may be warranted [93].

Management

While there is no cure for RFS, ongoing research explores 
biologic and molecular targets for potential treatments [103]. 
Current treatment for RFS is largely symptom driven. Nerve-
stabilizing medications (gabapentin, pregabalin, duloxetine, 
and tricyclic antidepressants) are commonly used for neuro-
pathic pain. NSAIDS and opioids can be used for pain [98, 
102]. CSI and trigger point injections can target specific pain 
generators. Botulinum toxin injections can be performed for 
spasms however caution is needed as injecting to posterior 
cervicothoracic muscle may exacerbate neck extension 
weakness [102].

PT and OT play crucial roles in addressing RFS-related 
shoulder dysfunction. These therapies focus on improving 
posture, strength, ROM, overall conditioning, function, 
and independence in daily activities [102]. Evidence sup-
ports the effectiveness of interventions such as myofascial 
release, progressive resistance training, and neuromuscular 
re-education in improving shoulder dysfunction [93]. Stud-
ies in HNC patients advocate early rehabilitation, including 
scapular control training, EMG biofeedback, and exercise-
based interventions [104, 105].

Adaptive equipment, like splints and dynamic orthoses, 
aids individuals with severe RIBP, potentially preventing 
subluxation [98]. Acupuncture has limited evidence support-
ing its effectiveness [104]. Surgery is generally not recom-
mended for RFS, but some literature suggests options like 
neurolysis, surgical reconstruction with a vascularized flap, 
and dorsal root entry zone lesioning to alleviate neuropathic 
pain from plexopathy [98, 106, 107].

Lymphovascular Disorders

Lymphedema

Lymphedema is soft tissue swelling resulting from the 
accumulation of protein-rich fluid, often caused by radia-
tion damage and lymphadenectomy [108]. ALND and 
radiotherapy to regional lymph nodes increase the risk of 
lymphedema [28, 34]. While lymphedema itself does not 
cause shoulder pain directly, it can contribute to shoulder 
dysfunction due to upper limb discomfort from swelling and 
heaviness [28]. A study found higher rates of scapular dys-
kinesia and decreased pain threshold levels in patients with 
lymphedema, possibly due to altered scapular biomechanics 
secondary to arm heaviness [108].
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Accurate diagnosis involves baseline and follow-up limb 
measurements using the relative volume change (RVC), 
which calculates the percentage volume difference between 
arms [109]. Breast cancer lymphedema is often defined as 
RVC ≥10%, more than 3 months post-surgery. Diagnostic 
tools include volume displacement, circumferential arm 
measurements, bioimpedance, and perometer [109].

Conservative management with complete decongestive 
therapy is the gold standard for treatment, consisting of an 
initial reduction phase with manual lymphatic drainage, 
compression bandaging, exercise, and skin care, followed 
by a maintenance phase with compression garments, self-
manual lymphatic drainage and continued exercise and skin 
care [34, 109, 110]. Pneumatic compression devices showed 
beneficial effects [28]. Surgery, such as lymphatic tissue 
resection or vascularized lymph node transfers, can be con-
sidered if selected cases, though results are mixed [34, 109].

Axillary Web Syndrome (AWS)

AWS, also known as cording, manifests as a single or 
multiple taut cords in the axilla, extending to the upper arm 
and chest after breast cancer surgery. It occurs 2-8 weeks 
post-surgery, limiting shoulder movement and causing pain 
during abduction. The incidence ranges from 6-86%, often 
resolving within 3 months but persisting longer in some 
cases [34, 111]. ALND carries a higher risk than SLNB [34, 
111]. AWS can reduce shoulder ROM, potentially leading 
to long-term movement pattern alterations and dysfunction 
[111]. Studies identify AWS as a risk factor for impaired 
function and reduced shoulder motion at 5 years post-
surgery [112].

Clinical diagnosis involves noting cord location and 
number during physical exam. A comprehensive shoulder 
assessment with a physical therapist, including goniometer 
measurements of ROM, is recommended [111]. PT is crucial 
for AWS treatment, focusing on enhancing flexibility, 
strength, and abduction of the affected limb. Myofascial 
release, cord manipulation, and stretching can be beneficial 
[34]. Recent reviews suggest that exercise and stretching are 
the most effective therapies, though more research is needed 
to determine the optimal rehabilitation approach [113]. Soft 
tissue mobilization may improve mobility by "breaking the 
cord," but its impact on the lymphatic system is unclear, thus 
gentle manual techniques are generally recommended [111]. 
NSAIDs may be used for pain.

Conclusion

Shoulder pain and dysfunction can greatly impact quality 
of life for cancer survivors, affecting their physical, psycho-
logical, and social well-being [2, 114, 115]. It is critical to 

consider multiple etiologies of shoulder impairment, many 
of which are secondary to cancer treatments, such as post-
breast surgery pain syndrome, radiation fibrosis syndrome 
and inflammatory arthralgia from hormonal and immuno-
therapy. Accurate diagnosis is crucial for optimal treatment. 
Clinician should note that multiple underlying causes of 
shoulder dysfunction can be present concurrently which may 
evolve over time [2]. Malignancy should also be excluded 
and close communication with oncology team is essential.
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