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Abstract

Background: Patients who have breast cancer surgery are at risk of axillary web syndrome (AWS), an under-
recognized postsurgical complication which can result in shoulder morbidity and functional impairment. Emerging
studies have indicated that AWS may persist beyond the first few months after surgery, although few studies have
assessed the prevalence and association of AWS beyond a year after diagnosis. Therefore, the aim of this study was to
investigate the prevalence and associations for AWS in post-operative breast cancer patients up to 3 years after surgery.

Methods: This cross sectional observational study was conducted at a community-based cancer rehabilitation center.
Patients were evaluated for the presence of AWS via physical examination. Disease-related data was obtained from
clinical review and medical records. Descriptive statistics were utilized to illustrate patient demographics and clinical
characteristics. Logistic regression analyses were used to determine associations of AWS.

Results: There were 111 Asian women who were recruited, who had undergone breast surgery and were referred to a
national outpatient rehabilitation center. The prevalence of AWS in this population was 28.9%. In the multivariate
regression model, significant factors were age < 50 years (OR = 3.51; 95% CI = 1.12–11.0; p = 0.031) and ALND (OR = 6.54;
95% CI = 1.36–31.3; p = 0.019). There was reduced shoulder flexion ROM (p < 0.001) in patients with AWS compared to
patients without AWS.

Conclusions: A high prevalence of AWS was reported in breast cancer survivors even at 3 years after breast surgery.
Our findings highlight the need to identify breast cancer survivors with AWS even in the survivorship phase, and
develop strategies to raise awareness and minimize functional impairment in these patients.

Keywords: Cording, Mondor’s disease, Breast surgery, Axillary lymphadenectomy, Lymph node dissection,
Post-operative morbidity
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Background
Breast cancer surgery is the main treatment of breast
cancer which is often combined with either sentinel
lymph node biopsy (SLNB) or axillary lymph node
dissection (ALND) for prognostication and therapeutic
decision making. However, such axillary approaches
may result in postoperative morbidity, such as pain,
lymphedema, shoulder dysfunction and postoperative
infection [1].
Axillary web syndrome (AWS) is a common, but

under-recognized postsurgical complication in patients
following breast surgery. The diagnosis is clinical, and is
characterized by the presence of cording, where one or
more visible or palpable cords are present in the axilla,
which can extend down to the medial ipsilateral arm,
frequently to the antecubital space and occasionally to
the base of the thumb [2]. This can result in pain, lim-
ited shoulder range of motion, postural impairment,
numbness, functional impairment of the shoulder joint,
psychological problems and impaired quality of life
[3, 4]. Although pain and range of motion limitation
are the most commonly reported complications [5],
AWS can result in disability of the shoulder and
even impair return to work [6, 7]. AWS is believed
to be associated with a lymphatic origin [8–11], and
evaluation should exclude Mondor’s disease, a condi-
tion which is caused by superficial thrombophlebitis,
and may present similarly with palpable cord-like
induration over the mid-upper arm [12–16].
The incidence of AWS has been reported to range

widely from 4 to 85%, depending on the duration and
frequency of postoperative follow-up and the type of ax-
illary surgery, with the majority of studies reporting
AWS occurrence within 8 weeks of breast surgery [5].
More invasive breast cancer surgery is believed to be
linked with AWS occurrence, with de Sire et al. report-
ing ALND to be a significant risk factor for AWS [17].
Other risk factors for AWS development include youn-
ger age [18, 19], lower body mass index [20, 21], healing
complications [22] and adjunctive therapies [17]. A pos-
sible link between breast cancer related lymphedema
and AWS has also been hypothesized, with some studies
suggesting that AWS may increase the risk of developing
lymphedema [17, 23].
This condition is believed to occur soon after axillary

surgery and is thought to be self-limiting with most pa-
tients experiencing spontaneous resolution within 3
months [24, 25]. However, emerging data have demon-
strated that AWS may persist longer than 12 weeks post
surgery, and may even be diagnosed on follow-up after
18 months [23, 26]. AWS is increasing being diagnosed
in the postoperative rehabilitative setting, and it is
important to understand the prevalence of AWS, so as
to develop survivorship guidelines for patients with

breast cancer in order to enable more effective social re-
integration of patients and to limit surgical sequelae
[27–30]. The aim of this study was to investigate the
prevalence and associations for AWS in post-operative
breast cancer patients up to 3 years after surgery in an
outpatient community cancer rehabilitation program.

Methods
Participants
This is a cross sectional study of women of Asian ethni-
city who had undergone breast surgery who presented at
an outpatient-based cancer rehabilitation clinic for an
initial evaluation between September 2017 to August
2019. This is the only outpatient multi-disciplinary
community cancer rehabilitation program available in
Singapore currently, and these breast cancer survivors
were referred from clinical specialists or primary care
physicians from any local healthcare institutions after
they had completed their acute oncological treatment
[31]. It provides comprehensive outpatient rehabilitation
services with a physician-led multidisciplinary team,
which includes physiotherapists, nutritionists, medical
social workers and psychologists. Patients were assessed
by a rehabilitation physician and physiotherapist during
their initial evaluation.
The clinical and pathological data were collected

through chart reviews and patient interview. Data
collected included age, ethnicity, stage of breast cancer
and the type of breast cancer treatment. Breast cancer
surgery was categorized as either breast-conserving
surgery or simple mastectomy with or without recon-
struction. Lymph node surgery was categorized as either
SNLB or ALND.

Inclusion and exclusion criteria
Eligibility included women ≥21 years old who had
undergone breast cancer surgery with a postoperative
period of up to 3 years, with either a SLNB or an
ALND. Women were excluded if they had attended
the program < 1 month from surgery, had other active
malignant tumors, presence of systemic metastases,
previous surgery for breast cancer, synchronous bilat-
eral breast cancer or a previous history of shoulder
surgery, shoulder dysfunction or upper extremity deep
vein thrombosis.
This clinical study was performed in accordance with

the principles of the Declaration of Helsinki. This audit
study was approved by the local institutional review
board, Agency for Integrated Care (2019–009).

Patient evaluation
The initial evaluation involved assessing for the
presence of AWS, pain, shoulder range of motion
and lymphedema.
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Diagnosis of AWS was made through physical examin-
ation by a physiotherapist and confirmed by the phys-
ician, and defined as having palpable or visible axillary
cords of tissue anywhere from the axilla, which may or
may not extend to the ipsilateral arm [2].
We also assessed the presence of pain and restricted

shoulder range of motion. The range of motion (ROM)
was measured for forward flexion, abduction and
external rotation of both arms through the use of a
goniometer, while the patient was in a sitting position.
An ROM difference of 10 or more degrees between the
ipsilateral and contralateral extremity in either shoulder
flexion or abduction indicated reduced ROM [32, 33].
The presence of pain was defined as a Visual Analog
Pain scale of 3 or more [34, 35]. Lymphedema was
diagnosed by a physician, and further evaluation was
performed by a trained lymphedema physiotherapist.
Arm-circumference measurements or self-reported
symptoms were used to diagnose lymphedema. Patients
who wore compression sleeves removed them 1 h before
arm measurements were obtained. An arm circumfer-
ence of more than 2 cm between affected and non-
affected side was indicative of lymphedema [36, 37].
Lymphedema symptoms elicited included whether or
not a participant had noticed that her hand, upper or
lower arm on the side of the cancer was larger, puffier
and/or swollen [36].

Statistical analysis
Descriptive statistics were used to illustrate patient
demographics and clinical characteristics. Logistic
regression analyses were utilized for the univariate and
multivariable analyses of the associations with AWS.
Covariates in the unadjusted analyses were then

included in the subsequent multivariable regression
model.
A p-value < 0.05 was considered statistically significant

for a two-tailed test. Statistical analyses were performed
using the Statistical Package for the Social Sciences
Version 25.0 (IBM Corp., Armonk, NY, USA).

Results
There were 111 Asian women recruited, with 32 (28.9%)
diagnosed with AWS. The majority of patients with
AWS presented at 1 or 2 years post surgery (84.8%),
though there were 12 patients (15.2%) who presented at
3 years post surgery. There were 25 (31.6%) and 22
(27.8%) patients who also had arm pain and lymph-
edema respectively (Table 1).
The majority of patients with AWS had simple

mastectomy without reconstruction (59.5%), and also
received adjunctive chemotherapy (73.4%) and radiother-
apy (59.5%). Most patients either had stage I (46.8%) or
II (48.1%) breast cancer. Among the patients who

underwent ALND, there were 25 patients (41.0%) with
AWS (Table 1).
More patients with AWS had limitation in shoulder

flexion (p < 0.001) compared to those without AWS.
However, there were no difference in shoulder abduction
(p = 0.078), shoulder external rotation (p = 0.300), pain
(p = 0.228) or lymphedema (p = 0.496) between both
groups (Table 1).
In univariate analysis, significant associations with

AWS were age < 50 years (Odds ratio [OR] = 2.93; 95%
confidence interval [CI] = 1.13–7.59; p = 0.027) and
ALND (OR = 4.27; 95% CI = 1.65–11.0; p = 0.003)
(Table 2).
In the multivariate regression model, significant

factors for AWS were age < 50 years (OR = 3.51; 95%
CI = 1.12–11.0; p = 0.031) and ALND (OR = 6.54; 95%
CI = 1.36–31.3; p = 0.019) (Table 2).

Discussion
The major finding is a prevalence of 28.9% of AWS in
our study cohort, diagnosed objectively via physical
examination. A prospective cohort study by Koehler
et al. of 36 patients found a cumulative prevalence of
50% of AWS at 18months following breast cancer sur-
gery [26], while another prospective cohort by O′ Toole
et al. found a cumulative incidence of 31.5% at 24
months post-operatively [23]. This study cohort, which
had patients who were recruited up to 3 years after
breast cancer surgery, extends the aforementioned stud-
ies, by demonstrating that AWS can still present as a
late post-operative breast surgery complication. More-
over, it is possible that our prevalence in our study
population may had been an underestimate, as patients
assessed at the initial evaluation may had experienced
prior AWS that had since resolved.
The late presentation of AWS may also be due to

under-diagnosis by patients and non-rehabilitative pro-
viders due to unfamiliarity with this condition, resulting
in delayed treatment [38]. Our findings has implications
for rehabilitation providers, given that reduced shoulder
flexion and abduction ROM were also reported in our
study cohort, which is consistent with the findings in
AWS [5]. This highlights the need of healthcare profes-
sionals and patients to be educated on the recognition of
AWS, and to initiate early intervention strategies. This is
especially pertinent due to the potential detrimental ef-
fects of reduced ROM and pain on upper extremity
function and arm volume elevation [23, 26, 39].
We also found that ALND and a younger age were sig-

nificantly associated with AWS, with an odds ratio of
3.51 and 6.54 respectively. AWS was found to be present
in 41.0% of women who underwent ALND, which is
similar to studies performed in patients with breast can-
cer [5, 22]. The increased risk of AWS with ALND may
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be due to a more invasive surgical intervention increas-
ing the risk of interruption of axillary lymphatics or
thrombosed lymphatic vessels, although the exact patho-
mechanisms remains yet unknown [5].
Several other studies have also reported a younger age

as a risk factor for AWS [5], with Brunelle et al., for
example, found an age less than 55 years to be a sig-
nificant risk factor for AWS, which corroborates our
findings [39]. While some studies have suggested that

lymphedema may be associated with AWS, other pub-
lications have found no relevant relationship, with our
study also finding no such significant association be-
tween these 2 variables [5, 40]. Additionally, while
pain associated with AWS has been reported in pa-
tients in the early postoperative period, we did not
find this to be more prevalent in patients with AWS,
which is in accordance with studies investigating pa-
tients in the post-acute follow-up period [23, 26].

Table 1 Characteristics of the study population (N = 111)

Axillary web syndrome Total

No (N = 79) Yes (N = 32) N = 111

Characteristics

Age at surgery, n (%)

- < 50 years 12 (15.2) 12 (37.5) 24 (21.6)

- > =50 years 67 (84.8) 20 (62.5) 87 (78.4)

Ethnicity, n (%)

- Chinese 73 (92.4) 27 (84.4) 100 (90.1)

- Malay 5 (6.3) 4 (12.5) 9 (8.1)

- Indian 1 (1.3) 1 (3.1) 2 (1.8)

Duration post surgery, n (%)

- 1 year 32 (40.5) 16 (50.0) 48 (43.2)

- 2 years 35 (44.3) 14 (43.8) 49 (44.1)

- 3 years 12 (15.2) 2 (6.3) 14 (12.6)

Affected upper extremity, n (%)

- Left 31 (39.2) 15 (46.9) 46 (41.4)

- Right 48 (60.8) 17 (53.1) 65 (58.6)

Type of breast cancer surgery, n (%)

- Breast conserving surgery 23 (29.1) 9 (28.1) 32 (28.8)

- Simple mastectomy 47 (59.5) 17 (53.1) 64 (57.7)

- Simple mastectomy with reconstruction 9 (11.4) 6 (18.8) 15 (13.5)

Axillary procedure, n (%)

- SLNB 43 (54.4) 7 (21.9) 50 (45.0)

- ALND 36 (45.6) 25 (78.1) 61 (55.0)

Adjunctive therapy, n (%)

- Chemotherapy 58 (73.4) 25 (78.1) 83 (74.8)

- Radiotherapy 47 (59.5) 23 (71.9) 70 (63.1)

Stage of cancer, n (%)

- I 37 (46.8) 8 (25.0) 45 (40.5)

- II 38 (48.1) 20 (62.5) 58 (52.3)

- III 4 (5.1) 4 (12.5) 8 (7.2)

Presence of arm pain, n (%) 25 (31.6) 18 (56.3) 39 (35.1)

Presence of lymphedema, n (%) 22 (27.8) 11 (34.4) 33 (29.7)

Flexion active ROM (degrees), mean (SD) 159.7 (5.21) 143.8 (23.2) 152.8 (17.5)

Abduction active ROM (degrees), mean (SD) 146.9 (25.6) 133.9 (30.0) 141.2 (28.1)

External rotation active ROM (degrees), mean (SD) 53.0 (8.50) 50.9 (7.11) 52.1 (7.91)

SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection, ROM range of motion, SD standard deviation
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Limitations
There are several limitations to be considered in this
study. First, we used a convenience sample of patients
presenting to a rehabilitation center, which may result in
a higher reported prevalence of AWS compared to a
outpatient oncology clinic setting. Second, the study had
a small sample size and was cross-sectional in nature. A
larger, prospective study will be needed to confirm our
findings, and also define the evolution of AWS and re-
sponse to rehabilitative interventions over time [41].
Third, we did not investigate other known associations
with AWS, including body mass index or presence of
postoperative complications (e.g. hematoma, intercosto-
brachial nerve injuries) [42]. We also did not quantify

whether the extent of lymph node dissection were risk
factors for AWS. Fourth, data on impairments in func-
tional tasks were not available, and further studies on
impairment outcomes and quality of life scores are
needed to determine the clinical impact of AWS on
breast cancer survivorship [21].

Conclusion
In conclusion, the prevalence of AWS after breast cancer
surgery is high even after the acute postoperative period.
Given that AWS is manifestly treatable with interven-
tions such as therapeutic exercise and manual therapy,
breast cancer survivors and care providers should be ed-
ucated about this condition so that early referral and

Table 2 Univariate and multivariate analysis of associations with axillary web syndrome

Characteristics Univariate analysis Multivariate analysis

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age at surgery

- > =50 years 1.0 1.0

- < 50 years 2.93 (1.13–7.59) 0.027 3.51 (1.12–11.0) 0.031

Ethnicity

- Chinese 1.0 1.0

- Malay 2.16 (0.540–8.66) 0.216 2.27 (0.421–12.3) 0.340

- Indian 2.70 (0.163–44.8) 0.487 0.685 (0.028–16.9) 0.817

Duration post surgery

- 1 year 1.0 1.0

- 2 years 0.800 (0.338–1.90) 0.612 1.30 (0.436–3.90) 0.636

- 3 years 0.333 (0.066–1.67) 0.182 0.295 (0.043–2.03) 0.215

Affected upper extremity

- Left 1.0 1.0

- Right 0.732 (0.320–1.68) 0.460 0.985 (0.340–2.85) 0.977

Type of breast cancer surgery

- Breast conserving surgery 1.0 1.0

- Simple mastectomy 0.924 (0.358–2.39) 0.871 0.359 (0.103–1.25) 0.106

- Simple mastectomy with reconstruction 1.70 (0.470–6.18) 0.418 0.759 (0.148–3.89) 0.740

Axillary procedure

- SLNB 1.0 1.0

- ALND 4.27 (1.65–11.0) 0.003 6.54 (1.36–31.3) 0.019

Adjunctive therapy

- Chemotherapy 1.29 (0.488–3.43) 0.606 0.498 (0.139–1.79) 0.285

- Radiotherapy 1.74 (0.713–4.25) 0.224 1.01 (0.304–3.32) 0.993

Stage of cancer

- I 1.0 1.0

- II 2.43 (0.954–6.21) 0.063 1.13 (0.282–4.52) 0.864

- III 4.63 (0.950–22.5) 0.058 2.68 (0.312–23.1) 0.369

Presence of pain 1.68 (0.722–3.91) 0.228 1.59 (0.561–4.51) 0.383

Presence of lymphedema 1.36 (0.563–3.27) 0.496 0.849 (0.253–2.85) 0.791

SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection

Tay et al. BMC Cancer         (2021) 21:1019 Page 5 of 7



management can reduce long term morbidity in pa-
tients. Further studies on a larger population of breast
cancer survivors, with objective measurement of
shoulder kinematics are needed to confirm our find-
ings, and delineate the biomechanical effects of AWS
on shoulder motion loss.
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