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ABTRACT 

Background:  Movement loss, reduced function, pain, and lymphedema are 

frequent problems following breast cancer surgery.  Axillary web syndrome 

(AWS) is a condition that develops after breast surgery and appears as a cord 

causing pain and movement loss and has been considered a possible risk factor for 

lymphedema.  There are no reported imaging correlates of AWS in the literature. 

This study ascertained the clinical and ultrasonographic characteristics of AWS. 

Methods:  Patients with surgical breast cancer (n=36) were assessed for shoulder 

range of motion (ROM), lymphedema, function, pain, and psychological issues at 

2 weeks, 4 weeks, and 3 months.  Subjects with AWS had an 18 MHz ultrasound 

of the cord.  Analysis:  A repeated measures ANOVA compared the AWS and 

non AWS groups across visits.  Univariable and multivariable logistic regression 

identified AWS risk factors.  A sign test was used for ultrasound analysis.  

Results:  Seventeen subjects were identified with AWS with ten subjects having 

AWS at 3 months.  There was an interaction effect in shoulder abduction with 

active ROM and passive ROM being statistically lower in the AWS group at 2 

and 4 weeks.  There was an interaction effect in upper extremity lymphedema 

tissue dielectric constant (TDC) measures with the AWS group having initially 

higher measures then decreasing which was opposite of the non AWS group.  

Both groups indicated trunk edema on the chest wall using TDC measures.  

Functional, psychological, and pain measures had no group or interaction effect.  

Younger age, low BMI, and higher number of lymph nodes removed were 

identified as significant risk factors for AWS.  The strongest predictor was 
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identified as BMI.  There were no significant differences in ultrasonographic 

characteristics.  Conclusion:  The onset of AWS is often within weeks after 

surgery but later onset is possible.  Cords do not resolve in all subjects by 3 

months.  Greater early movement restriction is evident in subjects with AWS 

though neither group achieved full pain free motion.  There were no differences in 

early edema measurements between groups, but both groups indicated trunk 

edema at 3 months.  Low BMI was a risk factor for AWS.  An identifiable 

structure was not found using an 18MHz ultrasound.  
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CHAPTER I 

INTRODUCTION 

 

Background 

In 2011, there were over 200,000 new cases of breast cancer diagnosed in the 

United States.  Based on current estimates, American women have a 12.4% (1 in 8) 

chance of developing breast cancer sometime in their lives.1  Breast cancer surgery with 

axillary lymph node dissection (ALND) or sentinel node biopsy (SNB) is considered 

standard treatment for the management of breast cancer.2  Sentinel node biopsy involves 

injection of a vital blue dye and or a radio labeled colloid to locate the sentinel node.  

Cancer is believed to spread to one or more lymph nodes before it spreads to other areas 

of the body.  If disease is found in the sentinel node, then an ALND is performed.  An 

ALND involves removal of a larger number of lymph nodes to obtain histological 

examination of the removed lymph nodes for assessing the spread of the disease to the 

lymph nodes.  Removal of one or more lymph nodes is necessary for tumor control, 

staging, planning adjuvant therapy, and prognosis for breast cancer survival.2,3  Because 

SNB is less invasive, there appears to be less morbidity (such as seroma, infection, and 

lymphedema) than ALND.4  Regardless of ALND or SNB, breast cancer surgery can 

result in short and long term complications such as bleeding, infection, arm weakness, 

arm motion restriction, numbness, pain, swelling, functional loss, anxiety, axillary web 

syndrome, and lymphedema.5-12   

Axillary web syndrome (AWS) is an often overlooked problem that causes 

morbidity in the early post-operative period following breast cancer with lymph node 
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removal.3,13,14  This condition has been poorly studied with differing incidence outcomes.  

The incidence ranges from 6 to 72% following breast surgery with ALND or SNB.12,15,16  

It frequently develops within the first few weeks following surgery and presents as a 

visible cord underlying superficial tissue in the axilla, affected arm, or chest wall that 

causes pain and limits upper extremity movement.3,13,14,17  It appears to develop in patients 

with lower body mass index (BMI) for reasons unknown.3,12  Although some have argued 

the cord appears to resolve on its own by 3 months following surgery,3,13  others suggest 

the cords may not completely resolve leading to long term restriction of the shoulder and 

upper extremity.14,18,19  The possible long term effects of these restrictions may lead to 

secondary problems such as altered movement patterns, poor posture, shoulder 

malalignment, shoulder muscle imbalance, shoulder impingement, frozen shoulder, soft 

tissue tightness, chronic pain, and possible psychological stress.14,18-20   

Movement restrictions, pain, function loss, psychological complications, and 

lymphedema are established chronic morbidities in patients with breast cancer.3,21-25  

Short and long term movement restrictions are evident in patients with breast cancer 

causing a decreased quality of life and reduced function.22,23  High pain visual analogue 

scale (VAS) and Disabilities of the Arm, Shoulder and Hand (DASH) scores have 

indicated pain and reduced function in the early stages following breast surgery.26  

Psychological complications are evident indicating almost 50% of woman with breast 

cancer may develop depression and/or anxiety within the first year after surgery.27  High 

anxiety and depression is also evident in breast cancer patients based off of high Hospital 

Anxiety and Depression Scale (HADS) scores in this population.24,25     
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 Secondary lymphedema affects 6 to 94 % of breast cancer survivors but it is 

difficult to determine the lymphedema rates in patients at risk for developing this 

condition because the diagnostic criteria and measuring tools are not standardized.28,29  

The International Society of Lymphology Consensus document recognizes a four stage 

system ranging from 0 to 3 with stage 0 being the latency stage or subclinical 

lymphedema, stage 1 reversible lymphedema, stage 2 irreversible lymphedema, and stage 

3 being elephantiasis.30  Girth circumference, water displacement, perometry, 

bioimpedance, tissue dielectric constant, and self-report are all recognized techniques to 

measure lymphedema.31  These tools, with the exception of the tissue dielectric constant, 

measure and assess extremity lymphedema.  The tissue dielectric constant measures local 

tissue water, and has the potential of measuring other areas of the body such as the 

trunk.32      

 Lymphedema presents as chronic swelling consisting of protein rich fluid.  It is a 

chronic condition that can affect the upper extremity and corresponding upper quadrant 

on the surgical side in breast cancer patients with lymph node removal, and has no cure 

but may be alleviated with appropriate management.31,33  Lymphedema  is associated with 

reduced quality of life, discomfort, high medical and therapeutic treatment expenses, 

disability, and infection development that can sometimes be life threatening.34  It is 

speculated there is a relationship between AWS and the lymphatic system, but there are 

few studies that provide supporting evidence.14,17,31,35-37  If AWS is determined to have a 

relationship with lymphedema development, early identification and intervention to treat 

AWS may modify this risk factor and possibly reduce the chance of developing 

secondary lymphedema.   
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 There are currently no reported images of AWS in the literature.  However, 

doppler ultrasound and mammography have been used to image Mondor‟s disease.  

Mondor‟s disease has a similar presentation as AWS.38-44  Mondor‟s disease is described 

as superficial thrombophlebitis of the subcutaneous veins of the chest and presents as a 

cord on the chest wall which is painful, tender, and causes skin retraction and pulling.45   

Ultrasound imaging of AWS would provide valuable information regarding the 

identification, etiology, and diagnosis of AWS.  Ultrasound would offer clinicians and 

researchers a tool to identify AWS through imaging in which the cord may not be 

identified by physical exam.  It also could potentially track the cord to determine when 

long term resolution actually occurs.  

Significance and Clinical Implications 

 Movement restrictions, pain, function loss, psychological complications, and 

lymphedema are common sequelae amongst patients recovering from breast cancer 

surgery.3,21-25  Axillary web syndrome could be an initiating factor for some of these 

complications. Axillary web syndrome is often identified in the early postoperative 

period causing pain and loss of shoulder movement; therefore it is possible it may be 

related to overall movement restrictions seen in patients with breast cancer.  Pain, 

functional loss and psychological stress have been indicated in patients having AWS but 

have yet to be measured.14,17,37  Axillary web syndrome is considered a risk factor for 

lymphedema development but there are no studies to support this.31  

 Axillary web syndrome causes morbidity in the early postoperative period 

following breast cancer resulting in radiating pain, reduced function, and decreased range 

of motion.13,14,18-20,24  Determining the clinical characteristics related to pain, function, and 
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movement loss in patients with AWS would provide an association with established 

chronic morbidities.  If AWS is determined to have a relationship with these morbidities, 

early identification and treatment of AWS may reduce the chance of developing these 

conditions.   

 Early edema development has been established as a predictor of chronic 

lymphedema.46  If AWS is found to be associated with early edema, it could be an early, 

detectable condition which could predict the development of lymphedema.  If AWS is a 

precursor to lymphedema development, implementation of treatment strategies could 

minimize the risk of lymphedema and possibly prevent the occurrence of chronic 

lymphedema.   

 As a result of the sudden and unexpected diagnosis of cancer, breast cancer 

patients are under an exceptional amount of psychological stress.24,25  AWS can present as 

another source of anxiety as it may produce movement restriction, functional loss, pain, 

and, for some, cause a concern for metastases.13,14,24  Psychological stress may be higher 

in subjects identified with AWS because of the additional burdens related to this 

condition.   

 Obtaining the ultrasound findings from this study could provide baseline 

information regarding the identification, etiology, and diagnosis of AWS.  It is possible 

AWS occurs more frequently in patients but cannot be seen on physical exam because it 

is covered by subcutaneous tissue.  Ultrasound could offer clinicians and researchers a 

better identification tool for AWS when a cord may not be identified on physical exam.   

Better identification and understanding of AWS could possibly explain some of the short 

and long term complications related to breast cancer surgery. 
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 Instruments used to measure lymphedema in this study include girth 

circumference, bioimpedance, and tissue dielectric constant.  Girth circumference is used 

most often in the clinical setting implying it is the gold standard for the measurement of 

lymphedema.  Current trends in research have inferred bioimpedance spectroscopy (BIS) 

as the possible future gold standard in measuring lymphedema.47,48  Though girth 

circumference and BIS are suitable measuring devices for the extremities, they do not 

have the ability to measure other areas such as the hand, trunk, head and neck, and genital 

region.  Tissue dielectric constant has the potential of quantifying edema in other areas of 

the body that BIS cannot adequately measure such as the trunk.32    

 Breast cancer patients with removal of one or more lymph nodes are at risk for the 

development of upper extremity and/or ipsilateral upper quadrant (trunk and breast) 

lymphedema.  Considering the SNB procedure removes the lymph node/s that drains the 

tumor site located in the breast, it is possible removing this sentinel node/s might increase 

the risk for breast and trunk lymphedema.  Prevalence of trunk and breast lymphedema is 

unknown because there has not been an adequate measuring tool to measure breast and 

trunk edema.   

Recent literature has identified tissue dielectric constant (TDC) as a potential 

measuring tool to quantify breast and trunk lymphedema.32  A probe is placed on the skin 

and a low electromagnetic wave is emitted into the tissue.49  The electromagnetic wave is 

reflected back and measures the water content under the area of the probe.  Tissue 

dielectric has the potential of measuring localized swelling.50 
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Aims and Hypotheses 

Aim 1: To determine the clinical characteristics unique to axillary web syndrome as 

compared to standard recovery within the first 3 months following breast cancer surgery 

with lymph node dissection. 

Physical Exam Hypotheses: 

1. Patients identified with AWS will have significantly higher lymphedema 

measurements compared to the non AWS group measured by: 

a. tissue dielectric constant ratio  

b. bioimpedance L-Dex values  

c. calculated limb girth volume difference between upper extremities  

2. Patients identified with AWS will have significant differences in physical 

characteristics indicated by:  

a. Significantly lower shoulder abduction range of motion (ROM) and body 

mass index (BMI)  than the non AWS group 

b. Significantly higher pain level (Visual Analog Scale), HADS, and DASH 

scores of  than the non AWS group 

3. Patients identified with AWS will continue to have signs of the AWS cord at the 3 

month visit on physical exam.  

Aim 2:  To determine the ultrasonographic characteristics of axillary web syndrome 

within the first 3 months following breast cancer surgery with lymph node dissection.  

Ultrasound Hypotheses:  

4. Significant ultrasound characteristic differences will be present in the area of the 

AWS cord compared to the unaffected side related to: 
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a. Skin thickness, as measured in millimeters 

b. Reflective thickness, number, and disorganization, graded as less than, equal 

to, or greater than the opposite side 

c. Echo density, graded as less than, equal to, or greater than the opposite side. 
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CHAPTER II 

LITERATURE REVIEW 

 

Axillary Web Syndrome (AWS) Description and Characteristics 

 Axillary web syndrome was first described in 2001 as “a visible web of axillary 

skin overlying palpable cords of tissue that are made taut by shoulder abduction.”13  “The 

web is always present in the axilla and extends into the medial ipsilateral arm, frequently 

down to the antecubital space and occasionally to the base of the thumb.”13  Though it is 

less common, it has also been identified to extend along the ipsilateral chest wall.14,19  It 

has been suggested that AWS is a variant of Mondor‟s disease because AWS has a 

similar presentation but in a different location.13  Mondor‟s disease is described as 

superficial thrombophlebitis of the subcutaneous veins of the chest and presents as a cord 

on the chest wall which is painful, tender, and causes skin retraction and pulling.  Other 

terms in the literature that describe AWS include lymphatic cording, subcutaneous 

fibrous banding, fiddle-string phenomenon, cording, lymph vessel fibrosis, 

lymphangiofibrosis thrombotica occlusiva, and lymph thrombosis.13-15,43,51  AWS is 

sometimes mistaken for soft tissue tightness.  Many patients have soft tissue tightness in 

the axilla following axillary lymph node dissection but do not have AWS.18  The 

observational description has been important in identifying this condition in the literature 

but there needs to be more detailed description and unification of the name.  This would 

help promote collaboration across other disciplines, improve patient care, and encourage 

future research.  
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Incidence of AWS 

 The incidence of AWS has been reported to be 6-72% following lymph node 

dissection secondary to breast cancer surgery.  A chart review of 750 patients that 

underwent axillary lymph node dissection (ALND) or sentinel lymph node biopsy (SNB) 

reported 44 patients (6%) developed AWS one to eight weeks after their axillary 

procedure.13    In a prospective study 85 patients who underwent ALND (n=36) or SNB 

(n=49) were seen preoperatively (one day prior to surgery) and assessed for AWS 

postoperatively at 2 weeks and 3 months.3  AWS was identified in 42% (36 out of 85) of 

the patients.  There was a difference observed between the ALND group and the SNB 

group with 20% of the SNB patients (10 of the 49) and 72% of the ALND patients (26 of 

the 36) developing AWS.3  The diagnostic criteria for AWS were the presence of 

palpable and visible cords of tissue in the axilla in maximal abduction with or without 

associated pain or shoulder range of motion loss.3  Sixty four percent of the subjects 

demonstrated shoulder flexion and abduction restrictions but only 31 of the 85 subjects 

were identified to have AWS.3   Patients with shoulder restriction without AWS could 

have an underlying AWS cord, but it is not detectable on physical exam which could lead 

to an underestimation of the condition.  Patients with AWS were slimmer compared to 

patients without AWS leading to possible further underestimation of the condition in 

patients who are more obese because the AWS cords may be present but covered by 

subcutaneous tissue.3 

 In a surveillance trial (n=196) identifying breast cancer related treatment 

morbidity, 43 women presented with subclinical lymphedema using perometry.16  An age 

matched control group of breast cancer women without lymphedema were selected for 
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comparison.  Axillary web syndrome was detected in 16.3% (7 out of 43) of the control 

group and 34.9% (15 out of 43) of the lymphedema group.16  This indicates an average of 

25.6% of patients that developed AWS.16  In a retrospective study of 214 breast cancer 

and melanoma patients who underwent ALND or SNB, AWS was present in 29.4% of 

patients with breast cancer and 58.3% with melanoma.52  A prospective observational 

study reported a 48.3% (56 out of 116 subjects) incidence of AWS in patients following 

breast cancer surgery with lymph node dissection.12  The diagnostic criteria for AWS 

were pain and restriction of shoulder ROM, with a visible or palpable cord of tissue in the 

axilla in maximal shoulder abduction.  In all of these studies 3,12,13,15,16 the inspection was 

restricted to the axilla and inspection of the lateral chest wall was not included.  In a case 

description, one patient complained of pulling on her trunk following the resolution of 

cording in the axilla.17  After inspection, a cord was visible and palpable with trunk side 

bending and the arm abducted overhead.  The patient was described as very slender with 

little subcutaneous tissue which probably made it easier to identify the cord.17   

Axillary web cords might extend into the trunk in some patients but may not be 

visible or palpable on physical exam.  Considering this, a higher incidence of AWS may 

exist than previously reported.  Full inspection of the lateral chest wall should be 

included in an AWS assessment.  In addition, imaging could possibly better identify 

cording in areas such as the trunk which may be missed on physical exam.  From my 

personal clinical experience of treating this population for over 15 years, a number of 

AWS patients have complained of pulling and tension on the trunk.  The symptoms 

appear to be similar to the symptoms they experienced with their axillary cord, but a cord 

is not visible or palpable on physical exam.   
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 An investigation following 193 patients with surgical breast cancer at 

postoperative day 1 and day 45 revealed an AWS incidence of 28.1%.53  Women with 

SNB had a lower AWS incidence of 11.7% compared to 36% in women with ALND.53  

The lower incidence in this study may be related to the fact the women were evaluated at 

only two time points which were scheduled earlier and later than the typical time period 

AWS develops which is 2 to 4 weeks following surgery.13  Another reason may be 

because this study had a high number of overweight or obese women (72.3%)53 and AWS 

appears less often in women with higher BMI.3,12  An incidence study of 334 women with 

breast cancer followed at 3 to 7 month intervals revealed a cumulative incidence of 40% 

at 3 months and 63% at 18 months.54  New cases of AWS appear to emerge beyond the 

early postoperative period.        

 The incidence of AWS is still uncertain and is dependent on the methodology and 

diagnostic criteria.  The prospective studies show a greater incidence than the 

retrospective and descriptive studies.  Further prospective studies with clear diagnostic 

criteria which include inspection and inclusion of cording on the lateral chest wall would 

be beneficial to provide a more accurate measure of the incidence of AWS.  In addition, 

imaging could possibly help better identify AWS if the cords are truly present but can‟t 

be identified on physical exam.   

Onset and Duration of AWS 

 In the first seminal article, Moskovitz described the development of AWS 

occurring between one to eight weeks after breast surgery and resolving within two to 

three months.13  This observational study looked at 750 patients with breast cancer over a 
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16 year period.13  This study was important in identifying the problem of AWS in patients 

with breast cancer and for providing the first descriptive information about the condition.  

 Axillary web syndrome has been observed in patients beyond the time period 

Moskovitz described in the seminal article.  In a retrospective chart review of patients 

who sought physical therapy treatment for AWS, 14 of 41 patients identified with AWS 

developed AWS beyond 3 months after surgery.52  Another study reported an average of 

35.9 ± 66.9 weeks between surgery and the onset of AWS with a range of 14 days to 5.8 

years.55  Two cases experienced reoccurrence of cording.56  A study following 116 

patients with breast cancer for 12 months concluded AWS developed mainly within the 

first 2 weeks after breast cancer surgery with lymph node removal.12  The study reported 

53 of the 56 patients developed AWS within 12-22 days (median=16 days) post surgery.12  

Three of the patients had evidence of the cord after 2 weeks post surgery (>150 days) and 

four patients experienced reoccurrence of AWS.12  AWS appears to primarily occur in the 

early post-operative period but has also been reported in later periods following surgery.  

The reason for the early onset, less common late onset, and reoccurrence of AWS is 

unclear.   

  Complete resolution of the cord within 3 months following surgery has been 

disputed 3,12 leading to concern about the possibility of long term problems.18  Treatment 

may improve symptoms and resolution of the cord.12,17,56  In an incidence study, two of 53 

patients with AWS developed the cords within 22 days post surgery and had residual 

signs of AWS remaining after 3 months.12  These patients received physical therapy and 

good outcomes were reported, but no statistical data was provided.  A case series of 31 

patients with AWS demonstrated the average resolution time of the cord was 10 weeks in 
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patients receiving therapy treatment.55  This is less than the previous expected resolution 

of 3 months.13  A case study described resolution of the cord within a 6 week time period 

with physical therapy treatment.17  A study of 36 patients with AWS reported two 

patients having residual signs of AWS 3 months after surgery.3  The AWS cords appear 

to persist longer than originally recognized.  Treatment appears to have an effect on 

earlier resolution of the cords.     

There is conflicting literature regarding the resolution of AWS when comparing 

studies with and without treatment.  The long term effects patients may endure if AWS is 

not treated are unknown.  Further studies are needed to detect the early onset of AWS and 

duration of this condition in addition to possible long term effects.  A better 

understanding of the characteristics, onset, and duration of the axillary web cord may 

provide valuable information on the relationship between AWS, lymphedema, and other 

upper extremity pathologies.  Some patients continue to have limited range of motion 

(ROM) for months to years after their surgery.3,22,23,57-59  This collective clinical evidence 

indicates the cord may not completely resolve, leading to long term upper extremity 

movement restrictions.18   

Risk Factors of AWS after Breast Cancer Surgery 

Risk factors of AWS have been identified in patients with surgical breast 

cancer.53,54  A study of 193 surgical breast cancer survivors determined radical 

mastectomy, axillary lymph node dissection, positive lymph node status, presence of a 

hematoma, and numbness due to intercostobrachial nerve injury increased the risk for 

AWS (p<0.05).53  Using a multivariate logistic regression to control for confounding 

factors, the study revealed there was a 68% less risk of developing AWS with SNB (RR 
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= 0.32; 95% CI, 0.13-0.79; P value = 0.014) compared to ALND.53  Numbness due to 

intercostobrachial nerve injury put subjects at a 3.19 times higher risk (RR = 3.19; 95% 

CI, 1.40-7.29, P value = 0.006) for AWS.53  Another investigation revealed axillary 

surgery, mastectomy, and functional impairment were statistically significant for AWS 

(p=0.05).54  Further studies are needed to fully understand the mechanism of these risk 

factors.  

Breast Cancer Morbidities 

 The established breast cancer morbidities include pain, movement restriction, 

lymphedema, reduced psychological status, and reduced function.  Considering AWS 

develops early in the postoperative period, there could be an association to some of these 

morbidities.  The possible long term effects of early AWS restrictions could lead to 

secondary problems such as altered movement patterns, poor posture, malalignment, 

muscle imbalance, impingement, frozen shoulder, soft tissue tightness, chronic pain, and 

possible psychological stress.18-20  AWS may be a risk factor for lymphedema.31   

Movement Restriction and Reduced Function  

 Motion restriction and reduced function is a recognized morbidity in patients with 

breast cancer. 3,22,23,57-59  Loss of upper extremity movement is evident in the patients with 

AWS especially shoulder abduction.3,12,13,17,18,35  It is unknown if the early post-operative 

movement restrictions associated with AWS may be related to short  and long term 

movement restrictions experienced by patients with breast cancer.      

 There appears to be less morbidity in patients with less invasive surgery (i.e. 

SNB, breast conserving surgery/lumpectomy) compared to more invasive surgery (i.e. 

ALND, mastectomy, radiation).3,57,60,61  A study of 89 patients with unilateral breast 
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cancer compared shoulder function of the affected side to the unaffected side.60   Shoulder 

function was lower (as measured by Constant Shoulder Scores) on the affected side 

compared to the unaffected side (p<0.05).60   

A study of 45 subjects with breast lumpectomy and 31 subjects with modified 

radical mastectomy were evaluated at 4 days, 3 weeks, and 3 months postoperatively.57  

Shoulder mobility and upper limb activities of daily living (ADL) were evaluated 

showing a significant decrease in shoulder mobility and ability to perform upper limb 

ADL postoperatively.  At 3 months, there were more shoulder limitations in the 

mastectomy group than the lumpectomy group with 126° compared to 150° shoulder 

flexion respectively (p=0.0001).  Both groups had significant impairments in upper limb 

ADL with the mastectomy patients having greater disability compared to the lumpectomy 

group (p=0.037).  A study of 110 patients with breast cancer and breast conserving 

surgery followed patients preoperatively and postoperatively for 5 years.59  Fifty four of 

the 110 (49%) patients were identified as having impaired shoulder mobility at one or 

more of their scheduled visits within the 5 years following surgery.  Impaired shoulder 

mobility was defined as reduced mobility of more than 15 degrees in any motion (active 

shoulder flexion, extension, and abduction) compared to preoperative measurements.59  

Patients with radiation were identified as having more impairments (57%, n=44) 

compared to the no radiation group (30%, n=10).59  A study of 48 breast cancer survivors 

and an age and gender matched control group revealed Disability of Arm, Shoulder, and 

Hand (DASH) scores were significantly higher (p<0.001) in the breast cancer survivor 

group compared to the control group revealing more functional loss.61  Reduced function 
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and movement restriction are apparent in breast cancer survivors in both the short term 

and long term regardless of the surgical procedure or adjuvant therapy.   

 Restriction in movement of the upper extremity has been associated with the 

development of AWS.3,12,13,15,17,35  A study of 85 breast cancer patients with SNB (n=49) 

and ALND (n=36) were followed preoperatively and postoperatively at 2 weeks and 3 

months.3  Shoulder range of motion and assessment for AWS was performed at each 

visit.  At 2 weeks after surgery, restrictions in shoulder flexion and abduction were 

experienced in 45% (24 out of 49) of patients in the SNB group and 86% (31 out of 36) 

of patients in the ALND group.3  Of the 55 subjects with shoulder flexion and abduction 

restrictions, 31 of these were identified as having AWS.3  Other studies demonstrated 

similar findings describing the loss of shoulder abduction in subjects with AWS.12,13  Case 

studies and case series have also described the loss of shoulder range of motion in AWS 

patients. 14,17,35,62,63     

Pain   

 Pain is a recognized morbidity in breast cancer survivors.58,64-66  A study looked at 

the association of acute pain after breast surgery with subsequent development of 

persistent postsurgical pain.64  Persistent postsurgical pain was defined as pain that 

developed after a surgical procedure, lasting at least 2 months.  Twenty eight subjects 

were followed preoperative, 4 hours, 24 hours, 5 days, and 3 months postoperatively.  

Persistent postsurgical pain was established in this study by asking the patients at 3 

months, “Have you experienced any pain in the previous two weeks that you attribute to 

the surgery?”  There were no statistical differences between the groups with and without 

pain in regards to adjunct therapies (p values >0.05) and analgesic requirements. 64  Eight 
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out of the 28 subjects (28.6%) reported persistent postsurgical pain.64  The persistent 

postsurgical pain group had greater pain scores on the McGill Pain Questionnaire five 

days postoperatively (pain rating index, p=0.014; present pain intensity, p=0.032 with 24 

subjects reporting) than the group without persistent postsurgical pain. 64  The association 

between acute pain and persistent postsurgical pain at 3 months is of interest.  The 

findings discovered an association between persistent postsurgical pain and the pain 

status at 5 days (acute but somewhat delayed) as compared to the status of pain in the 

earlier acute time periods of 4 hours and 24 hours.  AWS has a delayed onset of about 2 

weeks.13  There may be an association between the acute pain experienced with AWS and 

persistent postsurgical pain.  More studies are needed to support the association between 

acute pain and chronic pain in addition to the possible psychological impact.   

Psychological Affects 

 Psychological symptoms such as anxiety and depression have been reported in 

patients with breast cancer.5,27,67  A study of 269 patients with breast cancer who 

underwent modified mastectomy or breast conserving surgery were followed at 2 weeks, 

3 months, and 12 months after surgery.67   Anxiety and depression were assessed using 

the Hospital Anxiety and Depression Scale (HADS).67  There were no differences 

between the two groups (p=0.21) but anxiety was observed in 42% of the mastectomy 

group and 37% of the lumpectomy group at 2 weeks after surgery.67  The anxiety was still 

apparent at 3 months with 32% of the mastectomy group and 31% of the lumpectomy 

group being anxious.67  Fifteen and twenty-nine percent of women regardless of their 

surgery were found depressed at each assessment.67  A study of 222 women with early 

breast cancer followed subjects from 8 weeks to 5 years postoperatively.27  Depression 
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and anxiety were experienced in nearly 50% of the women within the first year following 

diagnosis.27  As time continued, 25% experienced depression into the second, third and 

fourth year, and 15% in the fifth year.27  Anxiety and depression is an ongoing 

complication associated with the surgical treatment of breast cancer.   

Lymphedema 

 Patients having breast cancer with lymph node dissection are at risk for 

lymphedema development.68   Lymphedema is a protein rich fluid located in the 

interstitial tissue.33,68  The swelling is chronic and progressive and associated with a 

reduced quality of life and other issues of discomfort, high medical and therapeutic 

treatment expenses, psychological distress, disability, and infection.34  

 The incidence of lymphedema development is variable ranging from 6 to 94%.28,29  

The wide variation in incidence is related to the different measuring techniques, further 

complicated by the absence of an agreed upon diagnostic criteria, and the follow up 

period used to determine incidence.16,28,69-72  A longitudinal study examined the incidence 

of breast cancer lymphedema in 236 patients preoperatively and postoperatively every 3 

to 6 months for up to 60 months.28  Four different diagnostic criteria were compared.  

Measures included 200 mL limb volume difference, 10% change in limb volume, 2 cm 

limb change, and patient report of signs and symptoms.  The lymphedema measurements 

were girth circumference and perometry in addition to the LBCQ (Lymphedema Breast 

Cancer Questionnaire).  Using a Kaplan-Meier survival curve, a 2 cm change was 

determined a more liberal definition of lymphedema, followed by a 200 mL change, signs 

and symptoms, and 10% limb volume change being the most conservative.28  The 

estimate of incident rates in these diagnostic methods can be considered a validity 
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estimate.  The methods were able to determine a change in limb volume.  The incidence 

at 60 months ranged from 43-94%.28  A 2 cm change was identified as the most liberal of 

the four methods with 94% incidence followed by 200 mL limb volume change (83%), 

10% limb volume change (50%), and signs and symptoms (43%).28  

 The physical and psychological results of lymphedema have a significant impact 

on the daily lives of patients.29,73,74  Ridner provided a summary of psycho-social findings 

of breast cancer related lymphedema in a review of the literature.73  The findings included 

the loss of confidence related to the body, functional concerns, lack of physical activity, 

psychological distress, poor body image, lack of self-confidence, sexuality concerns, 

difficulty with social interaction, financial concerns, and time management concerns of 

self-management.73  In addition, patients with lymphedema appear to frequently 

experience other co-morbidities such as fibromyalgia, arthritis, carpal tunnel syndrome, 

and neck and shoulder dysfunction which may influence the psycho-social issues.75    

A minimal amount of increase in upper extremity volume in breast cancer patients 

affects quality of life.76  A cohort  of 269 women who underwent breast cancer surgery 

with lymph node dissection were grouped into four groups based on  lymph volume 

change using perometry:  none <5%, mild 5.0-9.9%, moderate 10.0-14.9%, and severe 

>15.0%.76  Comparisons were made between the initial measurements taken 

perioperatively and at 2 years.  Symptoms and quality of life (using the Functional Living 

Index-Cancer and the RAND 36 item health survey) were used to measure quality of life.  

There was a reported negative change in quality of life in all groups including the 

minimal lymph volume change.76  Lower quality of life scores were associated with 

moderate lymph volume change (OR=3.72, p=0.015).76   
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 Morbidities have been recognized in breast cancer survivors yet the full spectrum 

of morbidities is still unknown.  Established morbidities, such as pain, movement 

restriction, lymphedema, reduced psychological status, and reduced function, are not 

fully understood.  Further studies regarding the relationship AWS has on these 

morbidities could greatly benefit the detection and prediction of the lingering symptoms.        

Body Mass Index (BMI) and AWS 

 Evidence shows that patients who develop AWS are slimmer and younger than 

those without AWS.3,12  An incidence study of breast cancer subjects with AWS 

determined the average BMI for the AWS group (n=56) was 25.1 compared to 28.9 in 

controls (n=60) (p<0.0001).12  The AWS group was younger (p<0.0001) having a mean 

age of 48.9 years compared to 58.1 years in the non AWS group.12  Another study 

reported lower BMI in subjects with AWS (p<0.01) revealing a median BMI of 23 in the 

AWS group (n=36) compared to 26 in the non AWS group (n=49).3  Age may be related 

to BMI because older people tend to gain weight therefore they are less likely to be 

diagnosed with AWS.  The cord may not be visible through the layers of subcutaneous fat 

tissue in heavier patients though it may exist3 possibly leading to an underestimation of 

AWS in obese patients.  The cords may not develop in heavier patients because the cord 

cannot adhere to the subcutaneous fatty tissue.3  Patients with decreased range of motion 

were found to be thinner than those with normal range of motion which supports this 

theory.3  Patients with normal range of motion (n=30) had significant differences 

(p<0.005) in BMI with a mean of 27 compared to a mean BMI of 24 in patients with 

restricted range of motion (n=55).  More research is needed to determine the relationship 

between BMI and AWS and in addition to supportive explanatory studies.  
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 High BMI has been well described as being associated with lymphedema.11,77-85  

The  preoperative BMI in 138 surgical breast cancer subjects of  ≥ 30 was approximately 

3.6 times more likely to develop lymphedema at 6 months or greater than subjects with a 

BMI <30 (95% CI for odds ratio, 1.42-9.04; p=0.007).85  Another study revealed an odds 

ratio (OR) of 1.082 (95% CI for OR, 1.0004-1.1165; p=0.012) for every unit increase in 

BMI in 137 patients with post-surgical breast cancer.84  The odds of a breast cancer 

survivor with a BMI > 30 were 2.93 times greater to develop lymphedema compared to 

those with a BMI <25.  The etiology of high BMI being a risk factor for lymphedema is 

unclear.  Some researchers have proposed that an increase in BMI increases the amount 

of tissue therefore acting as a reservoir for lymphatic fluid or the surgery is more 

involved resulting in more destruction to the lymphatics.81,86  Other research has proposed 

etiology suggests an increase in BMI increases the amount of postoperative 

complications such as infections, reduces the muscle pump effectiveness because of loose 

tissue, and the extra subcutaneous fat separates the deep from the superficial 

lymphatics.82,87,88  

 High BMI is a well-established risk factor for lymphedema but appears to have a 

protective mechanism for developing AWS.  The relationship between AWS and 

lymphedema is poorly understood.  Further studies regarding the effect BMI has on AWS 

and lymphedema development could help better understand the mechanism adipose tissue 

plays on the lymphatic system.    

Imaging 

 There are no imaging reports in the literature on AWS.  Doppler ultrasound and 

mammography have been used to image Mondor‟s disease which has a similar 
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presentation as AWS.  In Mondor‟s disease, ultrasound revealed a long tubular, anechoic 

structure with beaded appearance with no flow on color or spectral Doppler studies,43 and 

a hypoechoic tubular structure that contained a couple of internal echoes with no flow on 

color Doppler.40  The presence of flow on an adjacent artery suggested the cord was a 

thrombosed vein.  Anechoic and hypoechoic structures have minimal to no echoes and 

show as darkened structures on gray-scale sonography.89  Another case study 

demonstrated a hypoechoic tubular structure with noted skin thickening.44  

Mammographic findings in a case series of Mondor‟s disease indicated a ropelike 

structure indicative of a thrombosed vein.  In one patient, mammogram findings one year 

later revealed minimal irregularity of the vessel but “continuation of the vascular 

structure consistent with recanalization.”90  Recanalization signifies restoration of the 

vessel following obstruction.  Other case studies indicated the structure had a long linear 

density 40 and a tubular density consistent with superficial thrombophlebitis.43  There are 

similarities in the location which suggest the cords correspond to normal arm lymphatics.   

The etiology of AWS development is unclear.  Image findings of AWS could help 

identify the structure more clearly because the entire length of the cord may not be fully 

visible or palpable on the surface of the skin.  The length of the cords may be more 

extensive than identified on physical exam.  Imaging may help identify the structural and 

anatomical location of the cord to help define the physiology and etiology.  In addition, a 

comparison may reveal similarities to the small number of images that are available in the 

literature regarding Mondor‟s disease.  Comparison in image results may lead to 

unification of these two conditions in the literature if they are indeed similar.     
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Physiological and Etiological Considerations of AWS 

 There are differing views on the physiological and etiological aspects of AWS in 

the literature.13,36,37,91  Some believe there is a vascular component involving the lymphatic 

and/or venous system. 13,36,37,91   Others consider the cord as fascial tissue though the cord 

is referred to as Mondor‟s disease in this article.91  With conflicting theories regarding the 

physiology and etiology, a better understanding of this condition is needed. 

Lymphatic and/or Venous Considerations 

 The AWS cords may represent thrombosis of a vessel either of lymphatic or 

venous origin because of the immunohistological findings provided in the literature.13,14,37  

In one study, biopsies of the cord were taken in four patients with AWS.13  The 

pathological findings indicated two of the four cases presented dilated lymphatics with 

one of the lymphatics containing a lymphatic clot.13  Three of the four cases presented 

with venous thrombosis in different stages of recanalization.13  Two studies described two 

patients with AWS that presented with subcutaneous nodules on the cord.14,37  In one 

case, the pathologist found the cord to be a lymph vessel that had undergone fibrosis 

surrounded by fat and granulation tissue with the nodule being a cystic enlargement of 

the lymph vessel.14  The histopathology findings from the other cord induced differential 

diagnoses of an organizing hematoma, pseudo-aneurysm or thrombotic occlusion and 

recanalization of a blood or lymphatic vessel.  Hematoma and pseudo-aneurysm were 

ruled out because of scarce amount of blood and hemosiderin.  The absence of elastic 

lumina ruled out a blood vessel; therefore it was presumed the cord was a thrombotic 

occlusion of a lymphatic vessel.14,37    
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There appears to be an association between the occurrence of AWS and axillary 

lymph node involvement which provides supporting evidence of possible lymphatic 

involvement.3,12,13,15,92  The author of the seminal study that first described AWS reported 

lymph node involvement in all the cases of AWS.13  He went on to describe one patient 

who developed AWS without having undergone an axillary procedure or breast operation 

but had been diagnosed with Stage IV breast cancer with extensive nodal disease in her 

axilla.13  This supports the association of AWS with a disruption of the lymphatic system 

and not the breast surgery.  A case study described a male subject who developed AWS 

following development of a furuncle (i.e. boil) in the ipsilateral axilla.92  Histopathology 

of the cord demonstrated fibroblastic proliferation surrounded by a lymphatic vessel and 

positive staining for D2-40, which is a marker for lymphatic endothelium.92  There is 

limited data on the pathology of AWS, but many studies provide support associating 

AWS with the lymphatic system.  The location of AWS also provides evidence in 

supporting the physiological lymphatic origin.  When looking at the superficial lymphatic 

pathways of the arm, the path of the cord appeared to closely correspond to the brachial 

medial lymphatics.36    

 Obesity is considered a risk factor for developing lymphedema.85  Patients who 

develop AWS tend to have a thinner body build.3,12  If thinner patients are at a lower risk 

of developing lymphedema but higher risk of developing AWS, is it possible there is a 

lymphatic mechanism occurring during the development of the cord such as lymphatic 

regeneration (lymphangiogenesis)?  Axillary web syndrome may be considered a risk 

factor for lymphedema because more therapists are treating this condition increasing the 

recognition of AWS and lymphedema.  Treatment of AWS could possibly have an effect 
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on the incidence of later development of lymphedema.  Physical therapy treatment for 

AWS may help resolve the cord more quickly, decrease pain, and increase ROM more 

rapidly than no treatment.14,15,17,18,20,35,55  But the effects treatment has on the lymphatic 

system and the risk of lymphedema is unknown.  

 AWS has also been indicated as a possible risk factor for lymphedema 

development.31  Many believe AWS has possible lymphatic involvement, but there is no 

strong research evidence to support this.13,14,17,31,36,93,94   There is a need for further 

epidemiological research on risk factors to help establish how the risk factors can be 

modified to decrease the morbidity of lymphedema development. 31  Further research is 

also needed to identify the relationship between AWS and lymphedema.          

Fascial Considerations 

 A 2009 case series on Mondor‟s disease described at least one patient as having 

similar characteristics as AWS, but diagnosed the patient as having Mondor‟s disease.91  

The study proposed the cord is related to the superficial fascia providing a complex 

schematic image of fascia located in the region of AWS development.91  There is a 

possibility of a fascial component related to the etiology of AWS but there is no evidence 

to support this theory.   

Ultrasound has been able to image the veins in the arm that are embedded into a 

fascial layer in cadavers.95  Connective tissue appears to anchor these veins to the fibrous 

walls of the compartment.  Ultrasound could visualize the cord and possibly distinguish 

between vessels or fascia but histopathology findings would be needed to determine if the 

cord is lymphatic in origin.  The etiology of AWS could be related to fascia but there is 
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no evidence to support this.  There is more evidence in the literature that appears to 

support lymphatic involvement. 13,14,17,31,36,93,94   

AWS treatment 

 The most effective treatment for AWS has not been determined.  Early literature 

suggests AWS is a self-limiting condition that does not require treatment as it resolves 

without intervention in most patients within 3 months after surgery.3,13   Moskovitz stated 

that physical therapy, anti-inflammatory medications, and range of motion exercises did 

not alter the course of this syndrome, but did not provide a description of the types of 

treatment, the number of patients that received treatment, or data to support the 

statement.13  Non-steroidal anti-inflammatory drugs (NSAIDs) and opioids have been 

recommended contingent on the amount of associated pain.20,62  Pain is a described 

symptom of AWS,3,12-14,17-20,37 but only case studies have provided data  describing pain 

reduction pre and post physical therapy treatment.17,19,35,62   

Literature supports physical therapy techniques may resolve the cording more 

rapidly than no treatment.14,15,17-19,35,55  Treatment has been described as a similar technique 

by a number of therapists.14,17-19,35,55,62,93,94  The description of treatment includes various 

methods of cord manipulation and stretching with the arm placed on a stretch into 

abduction, scar releases, mobilization, and massage to adhesions, myofascial release, soft 

tissue mobilization, muscle and soft tissue stretching, joint mobilization, and skin 

traction.14,17-19,62,93,94  Cords that extend into the affected extremity have also been reported 

to resolve with gradient compression bandaging of the extremity.19  This technique 

involves the use of layered low stretch bandages applied from the hand to the axilla to 

provide gradient pressure for a short time period of one to two days.  It is uncertain if the 
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cord resolves more rapidly because of the gradient compression promoting proximal 

circulatory flow, or if the bandaging stretches the underlying tissue with activity.  In a 

chart review, shoulder abduction range of motion improved by an average of 52° in four 

weeks in 31 patients with AWS having physical therapy.55  Time to cord resolution 

averaged 10 weeks with physical therapy which is less than the previous expected 

resolution of 3 months.13  This study suggests physical therapy may shorten cord 

resolution time.55   Unfortunately, no randomized controlled studies have been carried out 

regarding the treatment of AWS.14,17,17,35,62  Outcomes reported in these studies included 

the resolution of the cord and improvements of ROM.14,17,17,35,62  Only one case study 

reported a change in lymphedema measurements in a subject with AWS following 

physical therapy treatment.17  This study described a volume difference of 6.3% between 

the affected and unaffected extremities pretreatment which reduced to a 1.4% difference 

in volume post treatment.17  Shoulder PROM flexion increased from 118º to 170º and 

abduction increased from 119º to 173º respectively in 6 weeks, 17 which is faster than the 

3 month expected resolution.13  A better understanding of the AWS characteristics will 

help provide clinicians information regarding treatment considerations and build the 

foundation for future research on AWS treatment.  

 Physical therapists have reported feeling a pop or snap in the cord during 

treatment as the cord appears to break.17,18,93,94  This is followed by a sudden increase in 

mobility and decrease in tension of the cord and possible resolution.  The palpable break 

in the cord is unknown what is actually breaking when this sudden release occurs.  It has 

been speculated the supporting fibrous structures around the cord might be breaking and 

not the cord itself.18  Therapists have stated they have not noticed any negative effects 



29 

 

from breaking of the cords such as swelling, and the immediate increase in motion tends 

to be maintained.18  Considering the cords could be pathology in the lymphatics, it is 

uncertain what breaking of the cords could be doing to the lymphatic system.  A better 

understanding of the etiology, pathophysiology, and treatment of AWS is warranted. 
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CHAPTER III 

METHODS 

 

Subjects 

 Thirty six patients with surgical breast cancer aged 18 or older were recruited 

from a hospital based breast center.  The subject population was of interest regardless of 

who developed AWS (AWS) and who did not develop AWS (non AWS) within the first 

3 months following surgery.  Subjects were defined as having AWS if they had presence 

of a palpable or visible cord of tissue in the axilla, upper extremity, or trunk in maximal 

shoulder abduction with or without associated pain or shoulder range of motion 

restrictions on clinical exam.  Study visits were scheduled at 2 weeks, 4 weeks and 3 

months following breast surgery.  Subjects were categorized into the AWS group if they 

presented with AWS at any study visit.  Inclusion criteria for the study consisted of: 

1. Tissue diagnosis of non-invasive or invasive breast cancer; 

2. Surgical treatment of breast cancer by mastectomy or lumpectomy with sentinel 

lymph node biopsy +/- axillary lymph node dissection.  Contralateral prophylactic 

mastectomy was allowed;  

3. Voluntary written informed consent before performance of any study-related 

procedure not part of normal medical care, with the understanding that consent 

could be withdrawn by the subject at any time without prejudice to future medical 

care.  

Subjects were excluded from the study if any of the following were present:   

1. Breast cancer surgery without sentinel lymph node biopsy; 
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2. Previous surgical treatment for breast cancer in either breast, or any prior surgery 

in either axilla or shoulder; 

3. Synchronous bilateral breast cancer; 

4. Presence of a medical complication that would prevent the patient from being able 

to participate in the study such as terminal cancer; 

5. Previous history of diagnosed shoulder dysfunction to either shoulder including 

shoulder impingement, rotator cuff tear, labral tear, instability, frozen shoulder, 

radiating neck pain, upper arm (humerus) or scapular fracture; 

6. Previous history of upper extremity deep vein thrombosis. 

Instrumentation/Measuring Tools  

Tissue Dielectric Constant  

Tissue dielectric constant (TDC) is based on the tissue electric properties and is 

dependent on the water content of the tissue which in turn affects the value of the tissue 

dielectric constant.96,97  The value increases with the increase in water content.  A probe is 

placed on an area of the body and a high frequency (300 MHz), low power 

electromagnetic wave is emitted into the tissue.  The reflected electromagnetic wave is 

recorded as the TDC which is proportional to the water content of the measured tissue.  

The display value ranges from one to eighty with pure water having a value of about 78.5 

and air (no water) having a value of about one.97  The value is a reflection coefficient of 

the amount of free and bound water in the tissue.96,98,99  When comparing values in 

subjects with lymphedema, a TDC ratio is calculated by dividing the affected 

lymphedema side by the unaffected side. 100  A proposed TDC ratio of 1.2 or higher is 

indicative of subclinical lymphedema.50,101     
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 The tissue dielectric constant measuring device has been validated in 

hemodialysis patients.49  There was a high correlation (r= -.96, p<.05) between the 

decrease in skin water content and the amount of fluid removed during hemodialysis 

treatment.  There was a high correlation between decrease in forearm circumference and 

removed fluid (r= 0.97, p<0.05) and the decrease in the tissue dielectric constant (r=0.97, 

p<0.05).  The TDC measurement and girth circumference were highly correlated with the 

removal of fluid, but the TDC indicated a change of 12% in value whereas circumference 

measurement indicated a 3% change.  This suggests TDC may be four times more 

sensitive than a circumferential measurement in measuring tissue water.49   

 Studies measuring TDC values in lymphedematous arms, legs, and trunk have 

established validity in the lymphedema population.32,50,101-103  The TDC ratios of subjects 

with breast cancer lymphedema have been significantly higher compared to control 

groups without lymphedema (p<0.001).101  The test-retest reliability using an average of 

three repeated measures compared to a single measure had high correlation on the 

forearms of women with unilateral arm lymphedema (ICC>0.99) and the non-edematous 

arm (ICC=0.98).104  The high reliability implies that a single TDC measurement may be 

used versus averaging multiple measurements.  The test-retest reliability over a 15 minute 

time period taking triplicate measurements at 15 seconds, 5, 10, and 15 minutes had a 

high correlation on the forearm (ICC=0.98), trunk (ICC=0.98), and calf (ICC=0.99) in 

healthy subjects.105  A slight temporal drift was observed over time, though it was 

minimal.  The average TDC value increased 0.3-0.5 units from 15 seconds to 15 minutes, 

and 0.1-0.2 units from 5 minutes to 15 minutes.  The reason for possible temporal drift 

may be related to the instrument or the subject.  The temperature range on the technical 
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details of the tissue dielectric constant is 59-104° F (15-40° C).  The temperature of the 

room during testing was within this range therefore changes in the instrument within the 

time period was probably minimal to none.  The most probable reason for a slight 

temporal drift was due to a possible change in the input over time.  Prior to measuring, 

subjects walked a distance of 150 feet.  It is likely the activity increased circulation which 

may have reduced the superficial fluid content for the initial measurements.  The slight 

increased drift in measurements over time was probably due to the redistribution of fluid 

within the tissue.            

Bioimpedance Spectroscopy (BIS) 

 Bioimpedance spectroscopy (BIS) measures the tissue resistance to an electrical 

current to determine the extracellular fluid volume which includes lymph fluid.47,106  

Bioimpedance spectroscopy has a high intra (ICC=0.94) and inter-rater reliability 

(ICC=0.99)72 and 100% sensitivity and specificity to predict the onset of lymphedema 10 

months before clinical diagnosis using girth circumference.46  This suggests BIS is 

sensitive enough to detect subclinical lymphedema (stage 0) which is the earliest sign of 

lymphedema prior to visual, circumferential changes.46  BIS is considered valid in 

lymphedema patients under the assumption the extracellular fluid ratio in the affected 

extremity is indicative of lymphedema in post breast cancer patients.   

Girth Circumference 

 Girth circumference is one of the most widely used measuring techniques for 

quantification of lymphedema because it is easy, inexpensive, and accessible.  A non-

stretch, flexible tape measure is used to quantify the circumference of an extremity at 

various points.  The measuring technique and distance between circumference measures 
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differs in the literature.21,107-109  A smaller distance between measurements is more precise.  

The truncated cone method to calculate volume is most commonly used since the shape 

of extremities often tapers and is not cylindrical in shape.33,68,107,108  Girth circumference 

validity and high intrarater (ICC=0.96) and interrater (ICC=0.99) was demonstrated in a 

study of women with arm lymphedema due to breast surgery (n=33) and healthy controls 

(n=18).72   

The diagnostic criterion for lymphedema using girth circumference differs in the 

literature.  The criterion is based on a volume difference of 3 to 10%, 200 mL, or a 2 cm 

circumferential difference compared to the unaffected side.16,107  The variation in the 

measuring technique and diagnostic criterion makes it difficult to determine the stage of 

the disease at which diagnosis is possible.  Using volume and percent difference between 

extremities provides an overall assessment of upper extremity lymphedema.  These 

parameters could overlook localized swelling therefore assessing a circumferential 

difference at each site provides a local assessment of lymphedema.  Girth circumference 

measurements are beneficial in the clinical setting regardless of what criterion is used for 

lymphedema diagnosis.  

Hospital Anxiety and Depression Scale (HADS) 

 The Hospital Anxiety and Depression Scale (HADS) is a measuring tool that has 

14 items which measure anxiety and depression.110  A subject rates each item on a zero to 

three point self-rating scale.  Scoring of zero indicates the absence of a symptom or the 

presence of positive features.  Scoring three indicates the maximal presentation of 

symptoms or the absence of positive features.  A higher HADS score signifies higher 

anxiety and/or depression.111  A study involving 258 patients with breast cancer presented 
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construct validity in the breast cancer population. 112  Psychological factors were 

determined independent of somatic symptoms and internal consistency for all factors was 

above 0.77 using Cronbach‟s alpha.112  A study of 50 healthy subjects showed good test-

retest reliability (Spearman‟s ρ=0.99).111 

Disabilities of Arm, Shoulder, and Hand (DASH) 

 The Disabilities of Arm, Shoulder, and Hand (DASH) is a self-report 

questionnaire which measures upper limb functional activities in people with 

musculoskeletal disorders.113-115  The questionnaire has 30 items with each item rated on a 

five-point Likert scale (1 to 5).  Raw scores range from 30 to 150.  These scores are 

converted to a score of 0 to 100.  A score of zero reflects no disability.  A higher score 

indicates increasing disability.  There is high test-retest reliability for the DASH 3 to 5 

days after initial evaluation (ICC=0.96) in subjects with mixed diagnosis of shoulder, 

wrist, and hand disorders.114  A 13 point difference has been suggested as the minimally 

important difference for the DASH based on arbitrary criterion of 211 subjects 116  The 

DASH has been used in breast cancer studies to measure upper extremity function.26,117,118  

A study compared DASH scores between lymphedema (n=73) and non-lymphedema 

(n=71) subjects showing a significant difference (p<0.001) in mean DASH scores 

between the lymphedema group ( ̅=18.48, SD=17.10) and the controls ( ̅=8.67, 

SD=12.63).117   

Visual Analog Scale (VAS) for Pain 

 The Visual Analog Scale (VAS) is commonly used to measure pain.119  This scale 

is easy to use, and the measures provide quantifiable, reliable (r=0.97) measures of 
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pain.120-122  The VAS pain scale provides a continuous response variable along a 

continuum instead of using numbers and words at discrete points.123   

Goniometry 

 Goniometry is considered a valid measuring tool to measure shoulder range of 

motion and is accepted as a valid clinical tool.124-126  Goniometric measurements have 

been shown to have good intrarater reliability with shoulder PROM and AROM in the 

sitting and standing positions with ICC values of 0.94-0.98.127   

Ultrasound 

Ultrasound imaging is based on the concept that high frequency sound waves are 

generated into the body tissue producing an image from the reflective waves bounced 

back.  The sound waves that are reflected depend on the change in conductance at the 

different surface interfaces.  The sound wave is able to penetrate through multiple layers 

of tissue and the reflection produces an image on a monitor.  A frequency over 15 MHz is 

considered high resolution ultrasound providing a detailed image of the superficial 

tissue.128  B-mode scan provides a cross sectional image and is able to determine skin 

thickness and provide information on tissue characteristics such as collagen, keratin, and 

dermal water content in the dermis and subcutis.128  Interfaces between media of widely 

different impedance (such as bone or air) reflect strongly, appearing whiter.  More 

closely matched interfaces reflect sound less strongly and appear intermediate, or gray.  

Hyper- and hypoechogenic are terms to describe relative brightness of areas of an image, 

that is, brighter or darker.  Tissue that is more solid, like collagen or keratin, will reflect 

the pulse (hyperechogenic) and will show as white.128  Structures with higher water 
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content, like edematous tissue, will allow the pulse to penetrate with little to no echoes 

(hypoechogenic) and will show as black.128  

Ultrasound characteristics: 

1. Echogenicity:  The ability of tissue to reflect an ultrasonic wave.      

a. Hypoechogenicity:  Tissue with little to no reflective ability to an 

ultrasonic wave and shows as black on imaging.   

b. Hyperechogenicity:  Tissue with high reflective properties to an 

ultrasonic wave and shows as white on imaging. 

2. Reflectors:  The variation in impedance between different tissue interfaces 

which display as shades of grey (from black to white).  Stronger reflectors 

appear as white.  Weak reflectors appear as black.   

Study Procedures   

All subjects for this study were recruited at a single university hospital based 

breast cancer clinic.  The principle investigator (PI) was located in the clinic during the 

subject‟s pre-operative or first post-operative visit with the breast surgeon.  Eligible 

subjects were asked by a member of the physician‟s team whether or not they would be 

interested in participating in a research study on the topic of AWS.  The PI was directly 

available in the clinic to explain the details of the study, provide written information 

(Appendix A), and screen for eligibility (Appendix B).  Fourteen of the subjects 

approached by the PI declined participation.  Preoperative subjects wishing to participate 

were contacted by phone to schedule their first study visit.  Postoperative subjects who 

agreed to participate were seen directly after their first postoperative appointment with 

the surgeon or rescheduled at a more convenient date within the 2 week time period.  The 
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PI reviewed the eligibility checklist to confirm eligibility and provided written and verbal 

explanation of the study prior to consent.  All subjects signed the University approved 

consent form (Appendix C) and Health Insurance Portability and Accountability Act 

(HIPPA) form (Appendix D) at the first visit of the study.  Subjects were recruited from 

September of 2011 until April of 2012.    

Study visits for all subjects were scheduled at 2 weeks, 4 weeks, and 3 months 

following breast surgery.  To reduce burden and inconvenience to the subjects, study 

visits were arranged before or after an already scheduled health care appointment.  If this 

was not convenient for the subject, a more suitable day and time was scheduled within 

the allotted time range of the study visit.   The study variables, data collection timetable 

with allotted time periods for each visit are summarized in Appendix E (Table 1).   

Subject history was compiled throughout the study utilizing medical records, self-report, 

and written questionnaire (Appendix F).  The subject history was collected for 

demographic information.  Data collected for age, BMI, and menopause was established 

by the subject‟s status at time of surgery.  Subject history included:   

1. Surgical procedure and additional operative procedures (re-excision of margins, 

hematoma or seroma evacuations, etc.) 

2. Quadrant of the breast in which breast cancer was present 

3. Number of lymph nodes surgically removed and  number involved with cancer  

4. Stage of disease 

5. Breast reconstruction 

6. Adjuvant therapy (i.e. radiation and chemotherapy) and other treatments received 

(i.e. physical therapy, occupational therapy, counseling) 
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7. Menopausal status (pre or postmenopausal)  

8. Weight and height (body mass index) 

9. Age, occupation, race, tobacco use  

All subjects underwent a clinical exam by the PI at each study visit.  The clinical exam 

consisted of:   

1. Active and passive range of motion measurements of shoulder flexion and 

abduction;  

2. Lymphedema assessment of the upper extremity and upper quadrant;  

3. AWS assessment; 

4. Completion of the DASH, HADS, and VAS pain scale.   

Subjects identified with AWS on clinical exam underwent an assessment of the 

clinical characteristics of the cord.  The AWS cords were also imaged using ultrasound 

within two weeks or less after identifying the cord.  Variables for the clinical and 

ultrasound characteristics for AWS are presented in Appendix E (Table 2).    Subjects 

were provided with lymphedema education on the signs and symptoms of lymphedema 

and lymphedema precautions at their final visit in the study (Appendix G).   

Clinical Exam 

Range of Motion (ROM) Measurements 

 Measurements of shoulder flexion and abduction active range of motion (AROM) 

were taken bilaterally in the standing position using a standard goniometer with 1º 

increments.  Subjects were asked to move the affected extremity with thumbs pointed 

upwards with elbow extended to the end range of active shoulder flexion and abduction.   

The flexion angle was formed with the stationary arm of the goniometer aligned in a 
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vertical line in the coronal plane and the moving arm aligned with the lateral epicondyle 

of the humerus.  The abduction angle was formed with the stationary arm of the 

goniometer aligned in a vertical line in the sagittal plane and the moving arm aligned 

with the lateral epicondyle of the humerus.  Shoulder flexion and abduction passive range 

of motion (PROM) measurement was taken bilaterally in the supine position with a 

standard goniometer with 1º increments.  The end stage of passive forward flexion and 

abduction was determined with the thumb pointed cranially with the elbow extended.  

The flexion angle was formed with the stationary arm of the goniometer aligned in a 

horizontal line in the coronal plane and the moving arm aligned with the lateral 

epicondyle of the humerus.  The abduction angle was formed with the stationary arm of 

the goniometer aligned in a horizontal line in the sagittal plane and the moving arm 

aligned with the lateral epicondyle of the humerus (Appendix H).    

Lymphedema Assessment (Girth, BIS and TDC) 

 Lymphedema assessment included girth measurements, bioimpedance 

spectroscopy (BIS), and local tissue water measurements (Appendix I).  Girth 

circumference was measured first followed by BIS and TDC measurements.  The girth 

measurements were completed within 6 to 7 minutes after supine ROM measurements.  

BIS measurements were taken within 5 to 10 minutes which is within the manufacturer‟s 

recommended time period, and the TDC measures were taken within 8 to 15 minutes to 

allow for redistribution of the fluid in the tissue.     

A non-stretch, flexible tape measure with a tension gauge was used to acquire the 

girth measurements on the upper extremities.  Girth measurements were obtained 

bilaterally at 8 cm increments from the distal portion of the ulnar styloid to the axilla in 
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the supine position.  Girth measurements were used to calculate volume for each upper 

extremity.  The volume difference between the extremities was calculated as a total 

volume and percent volume difference.  A circumferential difference in centimeters 

between the affected and unaffected side was also calculated at each site.  Volume 

differences of more than 10%, a 200 mL difference, or more than a 2 cm difference at 

any increment between the affected compared to the unaffected extremity were indicative 

of possible lymphedema for this study.   

Dex U400 bioimpedance spectroscopy (ImpediMed, San Diego, CA) was used to 

measure upper extremity lymphedema at each visit.  Lymphedema measurements were 

taken with subjects lying supine with the arm at the side slightly abducted with palms 

facing down on a non-conducting surface.  All jewelry was removed and the electrode 

sites cleaned with alcohol.  Electrodes were placed on the dorsal surface of the wrists at 

the level of the process of the radial and ulnar bones of each upper extremity.106  Another 

electrode was placed between the medial and lateral malleoli of the right foot.  A low 

level current was passed between the two drive electrodes, and the measurement 

electrodes measured the impedance of the affected extremity.  A ratio of impedance 

between the affected limb and the unaffected limb was obtained and the device converted 

the ratio to an L-dex score with normal L-Dex values ranging from -10 to 10.  The L-Dex 

score was recorded for analysis.  An L-Dex value of more than ten or an increase in L-

Dex values of more than five from a previous measurement was indicative of 

lymphedema.106  

Local tissue water measurements of the trunk and upper extremity were taken 

using DelfinTechnologies MoistureMeter-D (Delfin Technologies, Kuopio, Finland).  
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Local tissue water measurements from the MoistureMeter-D displayed as a tissue 

dielectric current (TDC) value.  Measurements were taken on the medial side of bilateral 

upper extremities at the same 8 cm increments as the girth measurements in the supine 

position.  The measuring sites were cleaned with alcohol prior to measuring.  A probe 

was placed on the surface of the skin and a high frequency, low power electromagnetic 

wave was emitted into the tissue and the reflected electromagnetic wave displayed as a 

TDC value on the monitor.  Tissue dielectric values were recorded bilaterally at each site.  

Tissue dielectric constant ratios were calculated by dividing the TDC values on the 

affected side by the corresponding TDC values on the unaffected side.  An average of all 

upper extremity TDC ratios were used for analysis.  The trunk was also assessed by local 

tissue water measurements.  Local tissue water measurements were taken on the lateral 

chest wall 8 cm below the axillary fold bilaterally in the supine position.  A TDC ratio of 

more than 1.2 was indicative of subclinical lymphedema.    

AWS Assessment 

 All patients were assessed for AWS at each scheduled visit.  AWS assessment 

consisted of visual inspection and palpation of the ipsilateral axilla, upper extremity, and 

trunk for signs of cording.  Subjects were asked to change into a hospital gown and were 

appropriately draped for modesty so only the area being inspected was exposed.  Subjects 

were positioned supine with the shoulder abducted to end range.  Mild tension in a 

parallel direction of the cord was applied to the skin to better visualize the cord.  Subjects 

were identified as having AWS if they had presence of a palpable or visible cord of tissue 

in the axilla, upper extremity, or trunk in maximal shoulder abduction with or without 

associated pain or shoulder range of motion restrictions.  Characteristics of the AWS cord 



43 

 

ascertained for the study included location, number, length, depth, width of the cord, and 

if the cord was visible and/or palpable (Appendix J).  The location of the cord was 

documented as being in the axilla, upper arm, elbow, forearm, and/or trunk.  The number 

of cords was recorded for each location and the length of each cord was measured using a 

non-stretch, flexible tape measure.   The width of the cords was estimated as less than, 

equal to, or more than 1mm.  The cord depth was rated as superficial, middle, or deep.  

Digital photos were taken of subjects with AWS cording.  Photos were deidentified and 

stored in a photo file on the PI‟s desktop computer, which is password-protected.   

Patients indicating pain or discomfort with associated shoulder abduction 

limitations in the ipsilateral arm or trunk of the surgical side between visits were asked to 

contact the PI and were scheduled for an extra visit for a physical exam to assess for 

AWS.   Only one subject contacted the PI and required an extra visit after developing an 

additional cord on her trunk following her 4 week study visit.  An additional cord was 

identified by the PI in a different location as the previous visits.  Assessment of the cord 

was recorded and incorporated into the data from the subject‟s 4 week visit since the cord 

was found within 2 weeks of a scheduled visit.     

DASH/HADS/VAS 

 The DASH and HADS questionnaires and the VAS for pain were administered at 

each visit.  The DASH was used to measure function (Appendix K).  HADS was used to 

measure anxiety and depression (Appendix L).  The VAS was used to rate pain at rest 

and with movement in addition to description of pain (Appendix M).   The subjects 

completed the questionnaires before or after each visit depending on patient‟s availability 
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and schedule.  The scores for all questionnaires were calculated and used for comparison 

between the AWS group and the non AWS group.   

Lymphedema Education  

 Subjects were provided with written and verbal lymphedema education including 

lymphedema signs and symptoms, precautions, and a brief explanation of the physiology 

and pathophysiology of the lymphatic system at the three month visit (Appendix G).  

Supporting information and questions were answered.  If a subject indicated a problem 

with lymphedema, ROM deficits, or other medically related issues, the subject was 

referred to their physician to address the problem.    

Ultrasound Assessment 

All subjects identified as having AWS on clinical exam underwent an ultrasound 

assessment.  Ultrasounds were performed at the radiology department at University of 

Minnesota Hospital, Fairview, East Bank by a single ultrasound technician.  A high 

resolution ultrasound system (Siemens Acuson S2000 with 18L6 HD transducer, 

Mountain View, CA) was used for all exams.  An 18 MHz frequency was used for the 

most optimal superficial imaging.  The PI was present for all ultrasounds to assist with 

the ultrasound procedure and patient positioning.  Subjects identified with AWS had 

marks made on the surface of the skin using a waterproof marker to identify the cord 

location on the affected side prior to imaging.  Mirror image marks were also made on 

the unaffected side.  Patients were positioned supine with the affected arm to be 

examined placed in maximum shoulder abduction.  Using the markings as identifiers, the 

PI placed an ultrasound opaque Jelco plastic tube over the cord to identify the location of 

the cord for ultrasound assessment.  At the start of the exam, the time gain/compensation 
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curve and focal zone was adjusted for optimal visualization of the dermis and 

subcutaneous tissue.  It was not changed for the remainder of the exam.  The time 

gain/compensation curve adjusts the amount of brightness on the image at different 

depths so similar tissue is comparable.  Focal zone refers to the area that has the sharpest 

focus.  These settings were set and remained unchanged for the remainder of the exam to 

allow for consistency in the focal area and brightness on both sides for comparison within 

each subject.  The image depth varied between subjects and was dependent on the 

technician‟s decision for optimal visualization of the dermis and subcutis tissue.  The 

range in depth between subjects was approximately 1.5 to 3.0 cm from the skin surface.  

Images were taken distal to proximal on each cord in increments of the width of the 

transducer head which was approximately 1 cm.  The first image was beyond the distal 

marking of the cord by a minimum of 1 cm, and the last image extended beyond the most 

proximal marking by a minimum of 1 cm.  The Jelco plastic tube was placed in alignment 

with the cord markings to provide an identifying marker on the ultrasound images beyond 

the palpable cord.  Images were taken with and without the Jelco identifier for each 

image on a split screen since the Jelco tube would produce a shadow on the image.  A 

video clip of each cord was also taken from distal to proximal along each cord, starting 

and stopping beyond the end of each cord‟s marking by a minimum of 1 cm.  Jelco 

plastic tubes were not used for the video clips.  Ultrasound images and clips of the cords 

were acquired on the left side followed by the right regardless of side affected.  

Transverse images were taken (i.e. transducer perpendicular to the cord) of the tissue 

underlying the skin markings of the cord.  If a structural change consistent with a cord 

was found, it was also examined in a longitudinal view (i.e. transducer parallel over the 
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cord).  The ultrasound procedure, including views with and without a Jelco indicator, 

were repeated on the unaffected side with the arm abducted to the same degree as the 

affected side for comparison between sides.     

   Ultrasound assessment was repeated in patients identified as having AWS in a 

different area than the initial ultrasound.  If a subject experienced AWS symptoms 

between scheduled visits, they were encouraged to call the PI to assess if an additional 

visit was needed.  If indicated, an additional visit was scheduled with the PI to assess for 

AWS and for an ultrasound.  One subject called and was identified as having AWS cords 

on her trunk.  An additional ultrasound was performed with this subject.      

Definition of ultrasound variables: 

1. Skin thickness:  Determined by measuring between the outer skin layer to the 

dermal/subcutaneous junction. 

2. Reflector thickness:  The reflector thickness in the subcutaneous layer of the 

affected side was compared to the unaffected side. 

3. Reflector number:  The number of reflectors in the subcutaneous layer of the 

affected side was compared to the unaffected side. 

4. Disorganization of reflectors:  The disorganization (not having smooth, 

continuous alignment) of the reflectors in the subcutaneous layer was compared 

between the affected side and the unaffected side.     

5. Echodensity:  The overall echodensity (i.e. hypo- or hyper- echogenicity) of the 

subcutaneous layer was compared between the affected side and unaffected side.   

 Interventional radiologist, Dr. David Hunter from the University of Minnesota, 

was blinded from the physical exam findings and evaluated the ultrasound images by 
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visual assessment.  The ultrasound images of the affected side were compared to the 

unaffected side.  The dermal layer was assessed using skin thickness measured in 

millimeters.  Reflector thickness, number, and disorganization, and echogenicity were 

assessed in the subcutaneous layer.  The affected side was rated as less than, equal to, or 

greater than the unaffected side.  The radiologist assessed what side he presumed to have 

AWS and a comparison was made to the actual side with AWS.   The radiologist 

identified if a cord-like structure or other structural changes were present.  If pathology 

was detected, descriptive information was documented.   Documentation may have 

included echogenicity relative to surrounding tissue, shape, size, relationship to other 

structures such a blood vessels, depth below dermal layer or layer of tissue involved, 

and/or what tissue was present at either end of the cord (Appendix N).   

Data Reduction 

Clinical exam data 

Numeric values for lymphedema measurements were used for analysis.  The 

bioimpedance spectroscopy device measured the ratio of impedance between the affected 

limb and the unaffected limb and converted the ratio to an L-dex score.  Tissue dielectric 

constant values were converted into TDC ratios (Appendix O, Equation 1).  The mean 

TDC ratios for the upper extremities were computed and used for analysis for upper 

extremity TDC ratios.  The trunk TDC ratio was computed and utilized to analyze trunk 

lymphedema.  Girth circumferences were used to calculate volume of the affected and 

unaffected upper extremity employing the truncated cone method (Appendix O, Equation 

2).  The difference in volume was computed by subtracting the volume of the affected 

side from the unaffected side.  The percent volume difference was computed using the 
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percent volume difference equation (Appendix O, Equation 3).   A difference in girth 

circumference at each site was computed by subtracting the girth circumference of the 

affected side from the unaffected side.   

Raw scores from the DASH were converted to a 0 to 100 score using the DASH 

disability equation (Appendix O, Equation 4).  A score of zero reflects no disability and a 

higher score indicates increasing disability.  Raw scores for shoulder flexion and 

abduction ROM, HADS, and pain VAS scores were used for analysis.  Hospital Anxiety 

and Depression Scale questions were calculated independently as described in the 

literature129 and analysis was performed for the anxiety and depression portions 

separately.    

 Ultrasound data 

If ultrasound assessment evaluated more than one cord, an average of the 

assessment of all the cords was taken and used for analysis.  If the consensus was not 

consistent with all cords, the assessment of the longest cords was used for analysis. 

Operational Procedures 

Study Related Risks 

 This study involved non-invasive measures which had minimal risks.  There was 

a possibility of redness or skin irritation due to application and removal of the electrodes, 

but no irritation or other related complaints were reported.   

Data Management and Statistical Program 

 The PI was responsible for data management for this study.  All copies of signed 

consent, questionnaires, and case report forms were link coded, except for one link form.  

They are stored in a study binder that is placed in a locked file cabinet when not in use.  
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Only the investigators have access to this binder.  The data analysis from the study was 

deidentified and stored in either a password-protected Word document and/or Excel 

spreadsheet on the PI‟s desktop computer, which is also password-protected.  The 

statistical program used for analysis was NCSS 2007, version 7.1.20.  All statistical 

analysis documents are stored in the Musculoskeletal Biomechanics Research Lab 

servers, maintained and backed up routinely. 

Adverse Event Reporting 

 This study carried minimal risk and complied with the University of Minnesota 

IRB reporting requirements.  Patients were monitored for study related adverse events at 

each study visit.  There were no adverse events reported in this study. 

Data and Safety Monitoring Plan 

 This study was in compliance with the University of Minnesota Masonic Cancer 

Center's Data and Safety Monitoring Plan.  This study carried minimal risk and no 

unexpected research related events occurred. 

Data Analysis 

Physical exam hypotheses 

Demographics:  Group comparisons of demographics and subject history between the 

AWS group and non AWS group were analyzed using a significance level of 0.05.  A two 

sided Fisher‟s exact test was used for categorical variables.  A two sample t-test was used 

to analyze BMI and age.  Skewness and kurtosis were tested and determined normal for 

BMI and age.  The number of lymph nodes removed was tested for skewness and kurtosis 

and non-normality was determined therefore a Mann-Whitney U non parametric test was 
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used.  The homogeneity of variance for the t-test was checked using the Modified-Levene 

Equal-Variance test which determined BMI and age had homogeneity of variance.   

Hypotheses 1-2:  Lymphedema measurements, shoulder abduction ROM, DASH and 

HADS scores, and VAS pain score at rest and with movement were analyzed with a 

repeated measures ANOVA using group and visit as factors with a 0.05 significant level.  

The Mauchly test statistic was used to check for circularity.  If Mauchly criterion was 

violated, the p value was corrected using the Geisser Greenhouse correction.  Skewness 

and kurtosis were checked for all variables.  Non normal factors are listed in Appendix P, 

Table 1.  HADS depression scores had non normality at all visits in the AWS group 

therefore square root transformation of the data was performed before analysis.  Raw data 

was used for all other variables as non-normality was found in two visits or less in a 

small number of variables which would have little effect on the ANOVA results.  A 

Tukey-Kramer adjustment was performed for visit effect per group and group effect per 

visit if an interaction effect was identified.  The lymphedema measurements used for 

ANOVA analysis included volume difference and percent volume difference.  There 

were too few of subjects with difference in girth circumference of more than 2 cm at any 

site therefore analysis was descriptive.  Group comparisons were made for BMI using a 

two sample t-test as described in the demographic analysis.   

Hypotheses 3:  Descriptive analysis was used to describe cord resolution at three months. 

Ultrasound hypotheses 

Hypotheses 4:  Skin thickness data revealed non normality, therefore a non parametric 

sign test were used for analysis.  Reflective thickness, number and disorganization, and 
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echo density was analyzed using a sign test.  A Kappa test was used to analyze the side 

determined by the radiologist to have AWS compared to the actual side with AWS. 

Additional results   

 A univariable logistic regression was used to analyze demographic information to 

determine possible risk factors for AWS.  Considering this investigation was exploratory, 

a more liberal significance level of 0.10 was used for analysis.  For ease of interpretation, 

age data was divided by 10 so it could be interpreted as every 10 year change in age if 

deemed a risk factor for AWS.  A multivariable logistic regression was then applied to 

analyze the statistically significant variables from the univariable analysis to control for 

possible confounding variables between AWS and the factors that showed statistical 

significance. 

 A repeated measures ANOVA was used to analyze shoulder flexion ROM using 

group and visit as factors with a p value of 0.05.  The Mauchly test statistic was used to 

check for circularity.  If Mauchly criterion was violated, the p value was corrected using 

the Geisser Greenhouse correction.  Skewness and kurtosis were checked determining 

normality in data.  If analysis identified a group by visit interaction effect, a Tukey-

Kramer adjustment was performed for visit effect across groups and a group effect across 

visits.   

 Cord description of AWS was analyzed with descriptive analysis.  The mean, 

standard deviation, mode, median, and range were calculated for length and number of 

cords per subject and location of the cord.   The total number of cords was calculated for 

all subjects.  The number of cords and percentages were reported for the depth and width 
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of the cords.  The number and percent of cords identified by palpation or palpation and 

visualization was tallied and reported in the results.    

Power and Sample Size  

 The power analysis was based on the hypothesis there would be a significant 

difference in the DASH functional tool scores comparing the AWS group and the non 

AWS group.  Using an effect size of 1.3 to achieve a power of 0.95 with a 0.05 

significance level and assuming a 2:1 allocation ratio (Non AWS:AWS), the study 

required 36 subjects (24 Non AWS:12 AWS) based on the G-Power version 3.1 

calculation (Kiel,Germany).  
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CHAPTER IV 

RESULTS 

 

Subjects 

Thirty six female surgical breast cancer patients were recruited from a hospital 

based breast center and met the inclusion/exclusion criteria for this study.  Study visits 

were scheduled at 2 weeks, 4 weeks, and 3 months after breast surgery.  There were no 

drop outs and subjects completed all visits for the study.  

Seventeen of the 36 subjects (47.2%) developed AWS within the first 3 months 

following breast surgery.  Demographic characteristics for the subjects are presented in 

Table 1.  There were 29 subjects (81%) who underwent SNB and seven subjects (19%) 

who underwent ALND.  The prevalence of AWS in subjects with SNB was 41% and 

71% with ALND.  Four subjects underwent bilateral prophylactic mastectomy with three 

of the subjects developing AWS.  The AWS group had significantly lower BMI ( ̅=24.8, 

SD=3.7) compared to the non AWS group ( ̅=28.8, SD=7.1) (Table 1 and Figure 1).  

Twenty of the subjects (55%) in this study had a BMI of > 25 which is indicative of 

overweight or obesity.  The number of lymph nodes removed was also significantly 

different (p=0.04, z=2.1) showing a higher number of lymph nodes removed ( ̅=7.7, 

SD=9.2) in the AWS group compared to the non AWS group ( ̅=3.2, SD=3.7). 

Signs of AWS cords remained in eight subjects at the 3 month visit on physical 

exam.  These eight subjects had AWS at all three visits.  Two subjects did not have signs 

of AWS cord at their 2 and 4 week visits but presented with AWS cords at the three 
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month visit.  Four subjects had AWS present at the 2 and 4 week visits but resolved by 3 

months.  Three subjects had AWS at only one of the first two visits.  Another subject 

presented with AWS bilaterally following a bilateral mastectomy though she had lymph 

nodes removed unilaterally.   

This was a non-intervention study therefore subjects received the normal plan of 

care recommended by their medical provider.  Four subjects in each group received 

rehabilitation treatment from a physical or occupational therapist within the first 3 

months after surgery.  Rehabilitation may have included treatment for AWS, ROM 

deficits, lymphedema, functional loss and/or pain.  Twelve other subjects (six AWS and 

six non AWS) reported performing other exercises or activities provided by a physician, 

athletic trainer, massage therapist, or the exercises were self-directed.  Exercise and 

activities were described as yoga, Zumba® (dance fitness program), upper extremity 

range of motion and strengthening, cross country skiing, and/or biking.  

Physical Characteristics 

Lymphedema Measurements 

Results of analysis for the lymphedema measurements are presented in Tables 2 

and 3.  There was an interaction effect between the AWS group and the non AWS group 

(p=0.02, F=4.07) in upper extremity TDC ratios (Figure 2).   The AWS group TDC ratios 

went from high to low and the non AWS group went from low to high from the first 

month to 3 month visits, however, there were no significant pairwise comparisons for 

group effects at each visit or visit effects for each group in follow up analysis.  The upper 

extremity TDC values in both groups were below 1.2 at all visits which is not indicative 

of lymphedema. 50  Upper extremity TDC ratios were not statistically significant (p=0.41, 
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F=0.69) between the AWS group ( ̅=1.02, SE=0.01) and the non AWS group ( ̅=1.0, 

SE<0.01).   

There was no significant difference between the AWS group ( ̅=1.25, SE=0.05) 

and non AWS group ( ̅=1.24, SE=0.05) in lateral chest wall TDC ratios (p=0.91, 

F=0.01).  For both groups, lateral chest wall TDC ratios were above 1.2 at  more than one 

visit (Figure 3), indicating possible trunk lymphedema.  Twenty subjects (55.6%) had 

trunk TDC ratios above 1.2.  Eleven of the subjects were in the AWS group and nine 

subjects in the non AWS group.   

One subject in the non AWS group was identified with having an L-Dex value 

over 10 within the first 3 months after surgery which is indicative of lymphedema.  There 

was a visit effect in BIS (p=0.01, F=4.98) with the values behaving differently across 

visits, decreasing from 2 to 4 weeks and increasing from 4 weeks to 3 months.  There 

were no interaction effects (Figure 4) in the bioimpedance L-Dex measurements.  There 

was no significant difference between the AWS group ( ̅=0.13, SE=1.1) and the non 

AWS group ( ̅=0.65, SE=1.1) in bioimpedance L-Dex values (p=0.70, F=0.11).   

There were no significant differences between groups in upper extremity 

lymphedema using girth circumference measurements (Figures 5 and 6).  Percentage 

difference in volume between the affected upper extremity compared to the unaffected 

upper extremity was 1.42% (SE=1.0) in the non AWS group compared to –0.13% 

(SE=1.0) the AWS group but not statistically significant (p=0.30, F=1.1).  Percent 

difference of more than 10%, indicating possible lymphedema,16,107 was not evident in 

either group at 3 months (Figure 6).  Girth volume difference was 29.6 ml (SE=20.7) in 

the non AWS group compared to -3.7 mL (SE=21.9) in the AWS group but not 
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statistically significant (p=0.28, F=1.22) (Figure 5).  One subject in the non AWS group 

had girth volume differences of more than 200 mL and a difference in circumference of 

more than 2 cm girth between the affected and unaffected upper extremity at the 3 month 

visit which would indicate possible early edema.16,16,107  The subject identified with 

lymphedema using BIS also had a difference in circumference of more than 2 cm girth at 

the 3 month visit.  All sites identified with a 2 cm circumferential difference were in the 

proximal upper extremity at 32 cm and/or 40 cm above the ulnar styloid.   

A total of two subjects were identified as having upper extremity edema at 3 

months according to the diagnostic criteria of:  TDC ratios above 1.2; BIS L-Dex values 

of more than 10; and /or girth circumference volume differences of more than 10%, 200 

ml difference, or more than a 2 cm difference at any point between the affected extremity 

compared to the unaffected extremity.  Both subjects were in the non AWS group.              

Shoulder Abduction 

Results of the analysis of shoulder abduction range of motion are presented in 

Tables 4 and 5.  There was an interaction effect (Figures 7 and 8) between groups over 

time related to shoulder abduction AROM (p=0.02, F=4.23) and PROM (p<0.05, 

F=3.16).  A Tukey-Kramer adjustment was used for multiple pairwise comparisons for 

any significant group effects at each visit and for visit effects within each group.  

Shoulder abduction AROM and PROM were statistically lower in the AWS group 

compared to the non AWS group at the 2 week and 4 week visits but not at 3 months 

(p<0.05).  The AWS group had a significant increase in PROM and AROM at each visit 

(p<0.05).  The non AWS group a significant increase from the 2 week to the 3 month 

visit (p<0.05) in shoulder abduction PROM and AROM.  There was a significant visit 
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effect in both groups related to shoulder abduction AROM (p<0.0001) and PROM 

(p<0.0001).  Shoulder abduction AROM and PROM increased significantly across visits 

in both groups, but neither group achieved full range of motion at 3 months.  The AWS 

group had significantly lower AROM ( ̅=132, SE=5.1) and PROM ( ̅=130, SE=6.4) 

overall compared to non AWS group AROM ( ̅=146, SE=4.8) and PROM ( ̅=150, 

SE=6.0). 

DASH, HADS, VAS for pain 

Results of the analyses for the DASH, HADS, and VAS pain scale are presented 

in Tables 6 and 7.  There was no interaction effect in DASH scores.  There was a visit 

effect (<0.0001) indicating both groups had DASH scores that decreased across visits 

signifying improvement in function (Figure 9).  There was no statistical difference in 

DASH scores (p>0.99, F<0.01) between the AWS group ( ̅=17.9, SE=3.8) and non AWS 

group ( ̅=17.9, SE=3.7).   

There were no group (Table 7) or interaction effects (Figures 10 and 11) in HADS 

scores in either the anxiety or depression sections.  The HADS anxiety and depression 

mean scores were below eight at all visits for both groups which is within a normal range. 

111,112   Anxiety was indicated in 33.3% (n=12) and depression in 19.4% (n=7) of subjects 

at 3 months having a score above eight. 

There were no group or interaction effects in regards to pain at rest or movement 

(Figures 12 and 13).  Pain with movement significantly decreased in the both groups 

across visits (p=0.0007, F=8.11) (Figure 13). There was no statistical significance in pain 

with movement VAS scores between the AWS group ( ̅=24.6, SE=4.0) and the non 

AWS group ( ̅=23.4, SE=3.9).  Neither group achieved pain free motion at three months 
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(Figures 12 and 13).  Description of pain is outlined in Table 8.  A pulling sensation was 

described in the over 55% percent of subjects in the AWS group at each visit.   

Missing data 

One subject was unable to transfer out of the wheelchair because of a decline in 

health; therefore bioimpedance was unable to be measured at the final visit.  All other 

measurements were taken with the subject sitting in a wheelchair at her three month visit.  

One subject did not complete the DASH functional questionnaire or VAS pain scale at 

her second visit.  Two other subjects did not complete the VAS pain scale at their final 

visit.   

Ultrasound characteristics 

 Ultrasounds were performed in the 17 subjects with AWS and comparisons made 

between the affected side and unaffected side by a blinded interventional radiologist.  

One subject returned for a second ultrasound after developing a cord on her trunk which 

was in a different area than her first ultrasound which was of the axilla.  Both ultrasounds 

were assessed and results combined for data analysis.  No obvious structures were 

observed by the ultrasound technician to prompt additional imaging such as longitudinal 

views; therefore all images were taken as transverse images of the cord (i.e. 

perpendicular to the cord).  Analysis of skin thickness, reflective thickness, number, and 

disorganization, and echo density are presented in Table 9.  Comparing the affected side 

to the unaffected side, there were no differences in skin thickness, reflector thickness, 

number, and disorganization, or echo density.  The blinded interventional radiologist 

correctly identified the AWS side in 12 of 17 subjects (κ=0.41-moderate accuracy).   
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 Further evaluation by the blinded radiologist was performed assessing if a 

structure or abnormality was identifiable on the affected side in the 17 subjects.  

Pathology was identified in 15 subjects.  Ten subjects had pathology near the dermal 

layer or dermal/subcutaneous junction, and five subjects had pathology in the 

subcutaneous layer.  The characteristics near the dermal layer and dermal/subcutaneous 

junction were similar describing the pathology as a hyperdense structure near the skin 

layer or fascial plane, or a complex structure of mixed hypo and hyper echogenicity at the 

dermal/subcutaneous junction (Appendix Q, Images 1-4).  The radiologist also identified 

a bump/lump in the skin in two subjects coinciding with the pathology near the surface of 

the skin (Appendix Q, Images 3-4).  The pathology differed in the subcutaneous layer 

with three subjects having a vein visualized to the side or near the marker (sometimes 

bilaterally), one with a large fluid/hyperdense structure with thickened subcutaneous 

layer, and one with a neurovascular bundle appearance coinciding with the marker.     

Additional results 

Demographics 

 A univariable logistic regression analyses was performed to determine possible 

risk factors for AWS (Table 10).  Age (10 year change), BMI, and the number of lymph 

nodes removed showed statistical significance with univariable analyses.  There was a 

higher risk of AWS with lower BMI, younger age, and higher number of lymph nodes 

removed.  Using the statistically significant variables from the univariable analyses, a 

multivariable logistic regression was utilized to control for possible confounding 

variables between AWS and the factors that showed statistical significance (Table 11).  
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Multivariable logistic analysis determined BMI was statistically significant.  There was a 

reduced risk for AWS with higher BMI.   

Shoulder Flexion 

 Results of the analysis of shoulder flexion range of motion are presented in Tables 

4 and 5.  There were no interaction effects in shoulder flexion PROM and AROM 

(Figures 14 and 15).  Shoulder flexion AROM in the AWS group was 139° (SE=4.0) and 

148° (SE=3.8) in the non AWS group but not statistically significant between groups 

(p=0.10, F=2.81).  Shoulder flexion PROM was 152° (SE=3.8) in the AWS group and 

157° (SE=3.6) in the non AWS group without significance between groups (p=0.35, 

F=0.91).  There was a visit effect in shoulder flexion PROM (p<0.0001) and AROM 

(p<0.0001) in both groups showing an increase in ROM across all visits, but neither 

group achieved full ROM by three months.   

Cord characteristics 

Digital photos were taken of all AWS subjects (Appendix R).  All 17 subjects 

presented with AWS cords in the axilla.  Seven subjects (41%) had cording in the 

antecubital fossa, two subjects in the upper arm, one subject in the forearm, and one 

subject in the chest wall.  The average length of the cords was 4.4 cm (SD=3.1, range 0.3-

17.2 cm).  The average number of cords was 2.3 (SD=1.2, range 1 to 5).  Cord length and 

number of cords per location are presented in Table 12.  The shortest length of cords was 

located in the axilla and elbow. The axilla had the highest number of cords compared to 

the other sites.   

The total number of cords for all subjects was 109.  The cord depth was recorded 

as superficial, middle, and deep.   The number of cords rated as superficial was 94 (86%), 
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middle was 14 (13%), and one (1%) was rated as deep.  The number of cords rated as <1 

mm was 28 (26%), 1 mm as 60 (55%), and > 1mm as 21 (19%).  Identification of the 

cords was recorded as palpable or visible and palpable.  The number of cords that were 

visible and palpable was 63 (58%).  The number of cords palpable but not visible were 46 

(42%).   

Aims and Hypotheses Testing 

Aim 1: To determine the clinical characteristics unique to axillary web syndrome as 

compared to standard recovery within the first 3 months following breast cancer surgery 

with lymph node dissection. 

Physical Exam Hypotheses: 

Hypothesis 1: 

a. This hypothesis was not supported.  There were no group differences in TDC 

ratios, but there was an interaction effect.  The TDC ratios in the AWS group 

were higher in the first month then reduced at 3 months.  The TDC ratios in the 

non AWS group were lower in the first month then increased at 3 months. 

b. This hypothesis was not supported.  There were no differences between groups 

related to BIS measurements. 

c. This hypothesis was not supported.  No significant differences were noted 

between groups for volume and percent volume differences between groups using 

calculated girth volume differences.    

Hypothesis 2:   

a. This hypothesis was partially supported for abduction ROM and supported for 

BMI.  Shoulder abduction PROM and AROM was lower in the AWS group 
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compared to the non AWS group within the first month, but there was no 

difference at 3 months.  The AWS group had lower BMI than the non AWS 

group.   

b. This hypothesis was not supported.  There were no differences between groups in 

regards to DASH scores, HADS, or pain VAS. 

Hypothesis 3: 

This hypothesis was supported.  Eight of the 17 subjects had residual signs of AWS cords 

at 3 months on physical exam and two subjects had newly developed AWS.   

Aim 2:  To determine the ultrasonographic characteristics of axillary web syndrome 

within the first 3 months following breast cancer surgery with lymph node dissection.  

Ultrasound Hypotheses:  

Hypothesis 4:   

a. This hypothesis was not supported.  There were no differences in skin thickness 

between the affected AWS side compared to the unaffected side.   

b. This hypothesis was not supported.  There were no differences in reflective 

thickness, number and disorganization between the affected AWS side compared 

to the unaffected side. 

c. This hypothesis was not supported.  There were no differences in echo density 

between the affected AWS side compared to the unaffected side. 
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 Axillary web syndrome  Fisher‟s exact 

p-value 

 Yes (%) No (%) Total (%)  
Handedness    1.00 

  Right 15 (88) 16 (84) 31 (86)  

  Left 2 (12) 3 (16) 5 (14)  

Ethnicity    1.00 

   White  16 (94) 18 (95) 34 (94)  

   Other 1 (6) 1 (5) 2 (6)  

Smoking history    1.00 

   Never 12 (71) 14 (74) 26 (72)  

   Past 5 (29) 5 (26) 10 (28)  

Current smoker    0.47 

   Yes 1 (6) 0 (0) 1 (3)  

   No 16 (84) 19 (100) 35 (97)  

Menopause    0.37 

   Pre 5 (29) 2 (10) 7 (19)  

   Post 10 (59) 14 (74) 24 (67)  

   Unknown 2 (12) 3 (16) 5 (14)  

Breast Surgery    0.40 

   Lumpectomy 7 (41) 11 (58) 18 (47)  

   Mastectomy 7 (41) 7 (37) 14 (42)  

   Bilateral 3 (18) 1 (5) 4 (11)  

Re excision    1.00 

   Yes 1 (6) 2 (11) 3 (8)  

   No 16 (94) 17 (89) 33 (92)  

Seroma    1.00 

   Yes 5 (29) 6 (32) 11 (31)  

   No 12 (71) 13 (68) 25 (69)  

Reconstruction    0.65 

   Yes 3 (18) 2 (11) 5 (14)  

   No 14 (82) 17 (89) 31 (86)  

Quadrant    1.00 

   Upper  15 (88) 16 (84) 31 (86)  

   Lower 2 (12) 3 (16) 5 (14)  

Axillary surgery    0.22 

   Sentinel node biopsy  12 (71) 17 (89) 29 (81)  

   Axillary lymph node dissection 5 (29) 2 (11) 7 (19)  

Lymph node status     

   Negative 17 15 32 0.11 

   Positive 0 4 4  

Stage    0.68 

   0-II 13 (77) 16 (84) 29 (81)  

   III-IV 4 (23) 3 (16) 7 (19)  

Radiation    1.00 

   Yes 10 (59) 12 (63) 22 (61)  

   No 7 (41) 7 (37) 14 (39)  

Chemotherapy    0.74 
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df=degrees of freedom 

Table 1.  Demographic characteristics of subjects with axillary web syndrome 

(AWS) and non axillary web syndrome (non AWS). 

 

                  
Figure 1.  Body mass index group differences.  Mean values and 95% confidence 

intervals for subjects with axillary web syndrome (AWS) and non axillary web 

syndrome (non AWS).    
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   Yes 8 (47) 7 (37) 15 (42)  

   No 9 (53) 12 (63) 21 (58)  

Total  17 (47.2) 19 (52.8) 36   

 AWS Non AWS df p-value 

Age (in years)     

   Mean  

   Standard deviation 

   Range 

53.4 

10.0 

35-73 

58.9  

8.7 

40-69 

34 

 

 

0.08  

(t=-1.78) 

Body Mass Index     

   Mean  

   Standard deviation 

   Range 

24.8  

3.7 

20-32.6 

28.8  

7.1 

17.8-45.1 

34 

 

*0.04  

(t=-2.09) 

Number of lymph nodes removed     

   Mean  

   Standard deviation 

   Range 

7.7 

 9.2 

1-32 

3.2 

 3.7 

1-14 

n/a 

 

*0.04 

(z=2.1) 
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 df F p-value 

Tissue dielectric constant (TDC): 

Upper extremity TDC    

   Group 1, 34 1.15 0.29 

   Visit 2, 34 1.54 0.22 

   Group x Visit 2, 68 4.07 0.02* 

Trunk    

   Group 1,34 2.33 0.14 

   Visit 2, 68 1.53 0.22 

   Group x Visit 2,68 0.01 0.99 

Bioimpedance spectroscopy (L-Dex): 

   Group 1, 34 0.11 0.74 

   Visit 2, 68 4.98 0.01* 

   Group x Visit 2, 67 0.49 0.61 

Girth circumference: 

Volume difference 

(milliliters) 

   

   Group 1, 34 1.22 0.28 

   Visit 2, 68 0.32 0.73 

   Group x Visit 2, 68 0.74 0.48 

Percent volume 

difference  

   

   Group 1, 34 1.10 0.30 

   Visit 2, 68 0.20 0.82 

   Group x Visit 2, 68 0.73 0.49 

df=degrees of freedom 

Table 2.  Repeated measures analysis of variance for lymphedema 

measurements of the axillary web syndrome (AWS) and the non axillary 

web syndrome (non AWS) group across visits. 
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Lymphedema measurement AWS  Non AWS p-value 

Tissue dielectric constant 

ratio 

Mean SE Mean SE  

   Upper extremity 1.0  0.01 1.0  0.01 0.29 

   Trunk 1.3  0.05 1.2  0.05 0.14 

Bioimpedance spectroscopy 

(L-Dex) 

0.13  1.1 0.65  1.1 0.74 

Girth circumference      

   Volume difference    

(milliliters)   

-3.7  21.9 29.7  20.7 0.28 

   Percent volume difference -0.13  1.1 1.4  1.0 0.30 

SE=standard error 

Table 3:  Group differences in lymphedema measurement between the axillary web 

syndrome (AWS) and non axillary web syndrome (non AWS) group. 

 

            

    
p=0.02* presents interaction effect of group across visits 

Figure 2.  Upper extremity tissue dielectric constant (TDC) lymphedema 

measurements.  Mean values and 95% confidence intervals between the axillary web 

syndrome (AWS) and non axillary web syndrome (non AWS) group across visits.     

 

1.04 
1.03 

0.99 

1.01 

0.98 

1.02 

0.9

0.92

0.94

0.96

0.98

1

1.02

1.04

1.06

1.08

2 weeks 4 weeks 3 months

Ti
ss

u
e

 d
ie

le
ct

ri
c 

co
n

st
an

t 
ra

ti
o

 

AWS

Non AWS

p=0.02* 



67 

 

  
p=0.99 presents interaction effect of group across visits 

Figure 3.  Trunk tissue dielectric constant (TDC) ratio lymphedema measurement.  Mean 

values and 95% confidence intervals between the axillary web syndrome (AWS) and non 

axillary web syndrome (non AWS) group across visits.     
 

  
p=0.61 presents interaction effect of group across visits 

Figure 4.  Bioimpedance spectroscopy (BIS) lymphedema measurement (L-Dex values).  

Mean values and 95% confidence intervals of upper extremity between the axillary web 

syndrome (AWS) and non axillary web syndrome (non AWS) group across visits.     
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p=0.48 presents interaction effect of group across visits 

Figure 5.  Upper extremity girth volume difference (mL).  Mean values and 95% 

confidence intervals between the axillary web syndrome (AWS) and non axillary web 

syndrome (non AWS) group across visits.     
 

  
p=0.49 presents interaction effect of group across visits 

Figure 6.  Upper extremity percent volume difference.  Mean values and 95% confidence 

intervals between the axillary web syndrome (AWS) and non axillary web syndrome (non 

AWS) group across visits.     
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 df F p-value 

Shoulder abduction: 

Active range of motion    

   Group 1, 34 4.04 0.05* 

   Visit 2, 68 38.03 <0.0001* 

   Group x Visit 2, 68 4.23 0.02 * 

Passive range of motion    

   Group 1, 34 5.10 0.03* 

   Visit 2, 68 35.78 <0.0001* 

   Group x Visit 2, 68 3.16 <0.05* 

Shoulder flexion: 

Active range of motion    

   Group 1, 34 2.81 0.10 

   Visit 2, 68 23.64 <0.0001* 

   Group x Visit 2, 68 2.00 0.14 

Passive range of motion    

   Group 1, 34 0.91 0.35 

   Visit 2, 68 21.37 <0.0001* 

   Group x Visit 2, 68 1.64 0.20 

df=degrees of freedom 

Table 4.  Repeated measures analysis of variance for range of motion of the 

axillary web syndrome (AWS) and the non axillary web syndrome (non AWS) 

group across visits. 

 

Shoulder range of motion AWS Non AWS  p-value 

Abduction Mean SE Mean SE  

   Active range of motion 132  5.1 146  4.8 0.05* 

   Passive range of motion 130  6.4 150  6.0 0.03* 

Flexion      

   Active range of motion 139  4.0 148  3.8 0.10 

   Passive range of motion 152  3.8 157  3.6 0.35 

SE=standard error 

Table  5:  Group differences in shoulder range of motion between the axillary web 

syndrome (AWS) and non axillary web syndrome (non AWS) group.  
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p=0.02* presents interaction effect of group across visits 

*Groups are significantly different at the two and four week visits (p<0.05). 

Figure 7.  Shoulder abduction active range of motion (AROM).  Mean values and 

95% confidence intervals between the axillary web syndrome (AWS) and non axillary 

web syndrome (non AWS) group across visits.  

 

  
p<0.05* presents interaction effect of group across visits 

*Groups are significantly different at the two and four week visits (p<0.05). 

Figure 8.  Shoulder abduction passive range of motion (PROM).  Mean values and 

95% confidence intervals between the axillary web syndrome (AWS) and non axillary 

web syndrome (non AWS) group across visits.   
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 df F p-value 

Disabilities of the arm shoulder and hand (DASH): 

   Group 1, 34 <0.01 >0.99 

   Visit 2, 67 23.39 <0.0001* 

   Group x Visit 2, 67 2.44 0.09 

Hospital anxiety and depression scale (HADS), Anxiety 

   Group 1, 34 1.01 0.32 

   Visit 2, 68 0.02 0.98 

   Group x Visit 2, 68 0..15 0.86 

Hospital anxiety and depression scale (HADS), Depression 

(Square root transformation) 

   Group 1, 34 0.59 0.45 

   Visit 2, 68 2.24 0.11 

   Group x Visit 2, 68 0.70 0.50 

Pain visual analog scale (VAS): 

At rest    

   Group 1, 34 1.73 0.20 

   Visit 2, 65 2.35 0.10 

   Group x Visit 2, 65 0.99 0.38 

With movement    

   Group 1, 34 0.05 0.82 

   Visit 2, 65 8.11 0.0007* 

   Group x Visit 2, 65 0.58 0.56 

df=degrees of freedom 

Table 6.  Repeated measures analysis of variance for Disabilities of 

the arm, shoulder, hand (DASH), Hospital anxiety and depression 

scale (HADS), and pain visual analog scale (VAS) of the axillary 

web syndrome (AWS) and the non axillary web syndrome (non 

AWS) group across visits. 
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Questionnaire AWS Non AWS  p-value 

 Mean SE Mean SE  

DASH 17.9  3.8 17.9  3.7 >0.99 

HADS      

   Anxiety 5.6  0.75 4.5  0.71 0.32 

   Depression (square root) 1.6  0.20 1.4  0.19 0.45 

Pain      

   At rest 9.1  2.4 13.5  2.3 0.20 

   With movement 24.7  4.0 23.4  3.9 0.82 

SE=Standard error 
Table 7:  Group differences in Disabilities of the arm, shoulder, hand 

(DASH), Hospital anxiety and depression scale (HADS), and pain visual 

analog scale (VAS) between the axillary web syndrome (AWS) and non 

axillary web syndrome (non AWS). 

 

    
p=0.09 presents interaction effect of group across visits 

Figure 9.  Disabilities of the arm, shoulder, hand (DASH) scores.  Mean values and 

95% confidence intervals between the axillary web syndrome (AWS) and non axillary 

web syndrome (non AWS) group across visits.   

 

28 

18 

7 

26 

15 
13 

0

5

10

15

20

25

30

35

2 weeks 4 weeks 3 months

D
A

SH
 S

co
re

 (
0

-1
0

0
) 

AWS

Non AWS

p=0.09 



73 

 

    
p=0.86 presents interaction effect of group across visits 

Figure 10.  Hospital anxiety and depression scale (HADS) anxiety scores.  Mean 

values and 95% confidence intervals between the axillary web syndrome (AWS) and 

non axillary web syndrome (non AWS) group across visits.   

 

   
p=0.50 presents interaction effect of group across visits 

Figure 11.  Hospital anxiety and depression scale (HADS) depression scores.  Mean 

values and 95% confidence intervals between the axillary web syndrome (AWS) and 

non axillary web syndrome (non AWS) group across visits.   
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p=0.38 presents interaction effect of group across visits 

Figure 12.  Pain visual analog scale (VAS) at rest.  Mean values and 95% confidence 

intervals between the axillary web syndrome (AWS) and non axillary web syndrome 

(non AWS) group across visits.   

  

                
p=0.56 presents interaction effect of group across visits 

Figure 13.  Pain visual analog scale (VAS) with movement.  Mean values and 95% 

confidence intervals between the axillary web syndrome (AWS) and non axillary web 

syndrome (non AWS) group across visits.   
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 2 weeks 4 weeks 3 months 

Pain at rest AWS Non AWS AWS Non AWS AWS Non AWS 

     Stabbing 21.4 11.1 11.8 11.8 0 25 

     Aching 28.6 50 23.5 35.3 29.4 25 

     Pulling 42.9 16.7 23.5 29.4 29.4 18.8 

     Stinging 14.3 22.2 5.9 5.9 5.9 0 

     Dull 35.7 44.4 23.5 35.3 0 12.5 

     Burning 14.3 11.1 11.8 0 17.6 18.8 

     Other: 2.1 11.1 0 5.9  0 0 

Pain with 

movement 

      

     Stabbing 41.2 22.2 11.8 11.8 0 25 

     Aching 35.3 50 35.3 29.4 29.4 25 

     Pulling 88.2 50 76.5 47.1 58.8 31.3 

     Stinging 11.8 11.1 29.4 0 5.9 0 

     Dull 11.8 33.3 23.5 35.3 11.8 12.5 

     Burning 17.6 11.1 29.4 5.9 11.8 12.5 

     Other: 0 11.1 0 0 2   0 

Table 8.  Pain description.  Percent of subjects in the axillary web syndrome (AWS) 

and non axillary web syndrome (non AWS) groups describing pain at each visit. 

 

 Skin 

thickness 

Reflector 

thickness 

Number of 

reflectors 

Disorganization 

of reflectors 

Echo 

density 

Greater 9 8 7 11 6 

Equal 3 7 9 1 8 

Less 4 2 1 5 2 

p-value 0.27 0.11 0.07 0.21 0.29 

Table 9.  Ultrasound characteristics of axillary web syndrome (AWS) comparing 

affected side to unaffected side. 
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Independent variable Regression 

coefficient 

Wald 

probability 

level 

Odds ratio Odds ratio 

95% CI  

Age (10 years) -0.66 0.09* 0.52 0.24-1.11 

Body mass index -0.14 0.06* 0.87 0.75-1.00 

Handedness -0.34 0.73 0.71 0.10-4.86 

Ethnicity 0.12 0.93 1.13 0.06-19.50 

Number of lymph nodes 

removed 

0.12 0.09* 1.12 0.98-1.29 

History of smoking -0.15 0.83 0.86 0.19-3.69 

Current smoker -11.37 0.97 <0.01 <0.01-1000+ 

Menopause     

   Pre menopause - - - - 

   Post menopause -1.26 0.18 0.29 0.05-1.78 

   Unknown -1.32 0.29 0.27 0.02-3.02 

Stage      

   Stage 0-II - - - - 

   Stage III-IV 0.50 0.56 1.64 0.31-8.68 

Breast surgery      

   Lumpectomy - - - - 

   Mastectomy 0.45 0.53 1.57 0.38-6.45 

   Bilateral  1.55 0.22 4.71 0.40-54.83 

Lymph node surgery 

(SNB/ALND) 

1.26 0.17 3.54 0.59-21.40 

Lymph node status (+/-) -13.3 0.97 <0.01 <0.01-1000+ 

Quadrant     

   Upper  - - - - 

   Lower  -0.34 0.73 0.71 0.10-4.86 

Reconstruction -0.60 0.54 0.55 0.08-3.76 

Seroma 0.10 0.89 1.11 0.27-4.60 

Re-excision of margins 0.63 0.62 1.88 0.16-22.8 

Radiation 0.18 0.79 1.2 0.31-4.60 

Chemotherapy -0.42 0.54 0.66 0.17-2.49 

CI=confidence interval, SNB=sentinel lymph node biopsy, ALND=axillary lymph node dissection 

Table 10. Univariable logistic regression of subject characteristics and the occurrence 

of axillary web syndrome (AWS). 
 

Independent Variable Regression 

coefficient  

Wald 

probability 

level 

Odds ratio 

exponent 

Odds ratio 95% CI 

Age (10 years) -0.24 0.60 0.79 0.33-1.90 

Body mass index -0.15 0.05* 0.86 0.74-1.00 

Number of lymph 

nodes removed 

0.14 0.14 1.15 0.95-1.40 

CI=confidence interval 
Table 11. Multivariable logistic regression of subject characteristics and the occurrence 

of axillary web syndrome (AWS). 
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P=0.14 presents interaction effect of group across visits 

Figure 14.  Shoulder flexion active range of motion (AROM).  Mean values and 95% 

confidence intervals between the axillary web syndrome (AWS) and non axillary web 

syndrome (non AWS) group across visits.   

 

   
P=0.20 presents interaction effect of group across visits 

Figure 15.  Shoulder flexion passive range of motion (PROM).  Mean values and 95% 

confidence intervals between the axillary web syndrome (AWS) and non axillary web 

syndrome (non AWS) group across visits.   
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Cord location Cord length 

(centimeters) 

Number of cords 

Axilla   

   Mean (SD) 4.3 (3.0) 2.4 (1.3) 

   Mode 2 2 

   Median 3.5 2 

   Range 0.3-17.2 1-5 

Upper arm   

   Mean (SD) 7.8 (3.9) 1 (0) 

   Mode n/a 1 

   Median 7.75 1 

   Range 5-10.5 n/a 

Elbow   

   Mean (SD) 3.6 (3.2) 2 (1.1) 

   Mode 2 1 

   Median 2.75 2 

   Range 0.7-12.3 1-4 

Forearm   

   Mean (SD) 6.6 (0.6) 2 (n/a) 

   Mode n/a 2 

   Median 6.6 2 

   Range 6.2-7 n/a 

Chest wall   

   Mean (SD) 6.8 (1.1) 2 (n/a) 

   Mode n/a 2 

   Median 6.75 2 

   Range 6.0-7.5 n/a 

SD=standard deviation 

Table 12.  Cord description of length and number of cords per location in 

subjects with axillary web syndrome (AWS). 
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CHAPTER V 

DISCUSSION 

 

Clinical Characteristics 

Prevalence 

The incidence of AWS identified in the current study of 47.2% was higher 

compared to two other studies in surgical cancer patients with ALND or SNB.13,53  The 

probable reason is subjects in the current study were evaluated by the PI at three visits 

within the first 3 months with indication of a cord being identified on examination as 

having AWS regardless of subject awareness.  A retrospective study indicated 6% 

incidence by reviewing a personal database of patients over a 16 year period to identify 

subjects with AWS.13   Underestimation was probable due to inconsistency in data 

collection, missing data, and change in trends related to documentation and medical 

trends over time.  A more recent study reported an incidence of 28.1%.53  Subjects were 

followed at only two time periods of 1 and 45 days after surgery53 which is outside the 

time period AWS most often develops, which is 2 to 4 weeks following surgery.13  In 

addition, the study included a subject sample of 72.3% considered obese or overweight, 

which was higher than the 55% in the current study.  The incidence of AWS has been 

reported to be lower in subjects with higher BMI which probably further explains the 

difference in incidence.3,12,13,53,54 

When comparing the incidence of AWS in subjects with either ALND or SNB, 

there are mixed results.  One study reported an incidence of 72% with ALND and 20% 

with SNB within the first 3 months.3  In the current study, the incidence was similar with 
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regards to ALND with 71%, but a higher incidence of 41% in subjects with SNB was 

found.  Patients were seen more frequently in the early post-operative period in the 

current study and subjects with a cord anywhere in the axilla, upper extremity, and/or 

trunk were identified as having AWS, which are probable reasons the incidence was 

higher.   

Another study reported an incidence of 47.8% in surgical breast cancer subjects 

with ALND12 which was lower than the current study.  The Torres et al study identified 

subjects with AWS only if the findings were disturbing to the patient.12   Patients with 

visible or palpable cords without restriction in shoulder abduction, pain, or subjective 

feeling of tightness were not recorded as having AWS which is the probable reason for 

the lower incidence compared to the current study. 

Onset 

Fifteen of the 17 subjects developed AWS within the first month after surgery 

which is a similar onset timeline to other studies.3,12  Two subjects had a later onset 

presenting cords at the 3 month visit.  Later onset of AWS has been reported in other 

studies.12,17  AWS appears to develop most often during the early post-operative period 

following breast cancer surgery but can also develop later, though less common.  

Resolution 

Resolution of AWS in the current study was not consistent with the literature.  

Eight of the 17 subjects (47%) with AWS had persistent cords that did not resolve by 3 

months after surgery.  In previous studies, residual signs of AWS cords were identified in 

2 out of 36 (5.6%)3 and 2 out of  56 subjects (3.6%) at 3 months after surgery.12  One 

study reported AWS resolved in all patients within 3 months.13  The resolution of the 
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cords by 3 months may be related to the effects of treatment.  Treatment was mentioned 

in the other studies and described as administration of nonsteroidal anti-inflammatory 

medications,13 physical therapy and range of motion exercises, 12,13 and manual lymph 

drainage to the axilla, ipsilateral arm, and taut cords.12   One study did not specify if 

treatment was administered, but a physical therapist performed the follow up assessments 

which makes it unclear but probable treatment was provided.3  Treatment for AWS may 

help resolve the cords earlier than 3 months.      

Location  

All subjects had AWS cords in the axilla and 41% had AWS in the elbow 

(antecubital fossa).  The least common locations were the trunk and forearm.  The 

location of the cords resembles the description in the seminal article by Moskovitz.13  He 

reported the location of AWS corresponds to the arm lymphatics as seen in 

lymphangiograms of healthy patients.13  The cords may be more apparent in the axilla and 

elbow, because the vessels are more superficial with less subcutaneous tissue.  It is 

possible the cords might run deeper and are present in the other areas but are not visible 

or palpable because they are covered by subcutaneous tissue.      

The onset and resolution of AWS in comparison to the normal phases of healing 

and the location and normal physiology of lymphatics could provide insight on the 

pathology.  When there has been injury to tissue, the body goes through an inflammatory, 

proliferative, and maturation phase of healing.130,131  The inflammatory phase initiates a 

cascade of events including a response in the lymphatic system.  The lymphatic system 

responds with an increase in lymphatic flow to move the extra fluid and proteins caused 

by inflammation.33  The delayed onset of AWS, occurring most often at about 2 to 4 
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weeks after surgery, coincides with the proliferative phase of healing.  During the 

proliferative phase, new blood vessels are developing (angiogenesis), fibroblasts are 

producing collagen, and extracellular matrix is getting laid down.131  Phases of healing 

vary with each individual which could explain the variance in the developmental time 

period of AWS.     

AWS could be a normal phenomenon related to the body‟s natural healing 

process.  In breast cancer surgery, the lymphatic system is disrupted when there is 

removal of lymph nodes and/or injury to the lymph vessels which leads to lymphatic 

backflow, congestion, and leaking of lymphatic fluid into the interstitial tissue.  In order 

to reestablish lymphatic flow and remove lymphatic fluid from the interstitial space, the 

lymphatic vessels attempt to reconnect and form lymphatic connections to already 

existing lymph vessels (lymphangiogenesis) or collateral pathways (Figure 16-A).  The 

newly forming lymphatic vessels may become adhered to the underlying tissue during 

this attempt to make a lymphatic connection.  The taut cords seen in AWS could be 

caused by tethering of the lymphatic vessel as tension is put on two adhered areas of the 

lymphatic vessel (Figure 16-B).  The resolution of the cords could be explained by the 

eventual formation and connection of lymph vessels reestablishing lymphatic flow.  The 

non-resolution of cords could be related to an unsuccessful or partially unsuccessful 

lymphatic connection.   
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Figure 16.  
a) Skin b) Subcutaneous tissue c) Healthy lymphatic vessel d) Injured lymphatic vessel  

1) Normal lymphatic flow  2) Lymphatic backflow and congestion  3) Injured lymphatic 

vessel attempting to reestablish lymphatic flow to existing lymph vessel 

(lymphangiogenesis) 4) Congested lymphatic vessel attempting to establish lymphatic 

flow through a collateral pathway  5) End of injured lymph vessel becoming adhered to 

interstitial tissue while attempting to regenerate 6) Newly forming lymphatic vessels 

become adhered to surrounding tissue while attempting to find collateral pathways to 

healthy lymphatics 7) Lymphatic vessel adhered in two areas causes tethering of the 

lymphatic vessel which appears as a „cord‟ of tissue (i.e. AWS) under the surface of the 

skin.     
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Demographics 

Subjects with AWS had lower BMI and a higher number of lymph nodes removed 

compared to those without AWS which is consistent with the previous literature. 3,12,53  

The univariable logistic regression suggested subjects at higher risk for AWS are 

younger, have a lower BMI, or a higher number of lymph nodes removed.  For every 10 

year increase in age, the odds of developing AWS were lower by a factor of 0.52.  For 

every one unit increase in number of lymph nodes removed, there was a 1.12 times 

increase in the odds of developing AWS.  A subject with 15 lymph nodes removed would 

be 4.8 times more likely to develop AWS than a subject with two lymph nodes removed.  

There may be a relationship between age, number of lymph nodes removed, and BMI.  

Women tend to gain weight as they age, and younger subjects may have a higher number 

of lymph nodes removed because they are more likely to have invasive breast cancer.1  

This relationship was factored out in the multivariable logistic regression which 

determined BMI was a better predictor of AWS then age and number of lymph nodes 

removed.         

Subjects with lower BMI are at higher risk for AWS development.  For every unit 

increase in BMI, the odds of developing AWS are lower by a factor of 0.86.  An obese 

patient with a BMI of 32 has 0.30 times the odds of developing AWS as compared to a 

patient with a BMI of 24 (within normal BMI range).  The relationship between AWS 

development and BMI is unclear.    

It has been theorized AWS may exist in patients with higher BMI, but the cords 

cannot be detected under the excess adipose tissue.3  The cords may be less apparent 

under thick subcutaneous tissue making the cords less visible and palpable on physical 
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exam.  This would lead to an underestimation of AWS if it indeed exists in individuals 

with higher BMI.     

It has also been suggested the thick layer of subcutaneous adipose tissue in obese 

individuals may prevent adhesions during the early phase of scar formation3 which may 

explain why AWS is seen less often in subjects with higher BMI.  The known differences 

in the connective tissue of the skin in obese and thin individuals could support this 

theory.  Obesity tends to produce weaker and less dense connective tissue.132  If the 

connective tissue in subjects with lower BMI is stronger and denser, it is possible AWS 

may result from adherence of connective tissue resulting in a tight cord.  If the cord is 

made up of connective tissue, it is possible the cords may not develop in heavier patients 

because of the lack of connective tissue or the inability of the tissue to adhere to the 

subcutaneous fat.   

It is possible AWS might not be seen in subjects with higher BMI because the 

excessive adipose tissue may not allow for the normal healing process in the lymphatic 

system  to occur.  Obesity predisposes individuals to poor wound healing.133  One factor 

involved with poor healing is the changes in reduced microvascularity in the skin of 

obese individuals.134  These vascularity changes lead to reduced nutrition and oxygen in 

the tissue which can delay healing.  Adipose tissue secretes adipokines which are 

bioactive substances which may also negatively influence the healing process.135-137  This 

could help explain why subjects with high BMI are at higher risk for lymphedema 

development but at lower risk for AWS.  Excessive adipose tissue might negatively affect 

the healing process in obese subjects and therefore suppress the lymphatic system‟s 

attempt to reestablish lymphatic flow through lymphangiogenesis or collateral pathways.         
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There is still uncertainty in the etiology and pathophysiology of AWS.  

Understanding the etiology and pathophysiology would be beneficial in determining 

appropriate treatment for this condition.  Manual techniques used in rehabilitation have 

been reported to occasionally evoke an audible pop or snap as the cord appears to 

break.14,17,18,93,94  This is followed by an immediate release in tension with an increase in 

motion.  The benefit of an immediate increase in mobility is desirable, though it is 

uncertain what causes the release/breaking of the cords.  It has been questioned if it is the 

cord that is actually breaking or if it is fibrous tissue supporting the cord.18  The 

audible/palpable release could be related to the breaking of weak connective tissue or 

weak connections in newly forming lymphatics.  Manual techniques may be breaking 

these newfound connections that are trying to reestablish flow in the lymphatic system.  

These weak connections may not be strong enough to withstand tension in the early 

phases of healing.  Though it is appealing to obtain a rapid increase in mobility in 

patients with treatment, it is unknown what the effect of breaking the cords has on the 

lymphatic system.  Is breaking the cords harmful or beneficial?  It appears there are no 

immediate negative effects with increase in swelling18, but lymphedema has a gradual 

onset, so it would be difficult to assess without long term follow up.  Long term follow 

up would be needed in an intervention study to determine if there is an effect on the 

lymphatic system and lymphedema development.  Realizing uncertainty in the etiology of 

the cords, many therapists have reported changing their treatment technique and have 

shifted towards using gentler, more gradual manual techniques.18,19,93,94 
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Range of Motion 

The AWS group had lower shoulder abduction range of motion in the early 

postoperative period following breast cancer surgery compared to the non AWS group.  

The reduced shoulder range of motion is consistent with previous literature.3,12,13,17  Two 

studies reported full range of shoulder abduction and no pain at 3 months in all subjects 

with AWS except for one subject in one study,3 and two subjects in the other study.12  

The possible reason for the improved ROM and the reduction in pain in previous studies 

may be explained by a treatment effect.  There was little difference between groups in 

shoulder ROM at 3 months in the current study.  The 3 month results may have been 

influenced by treatment since four subjects from each group received rehabilitation but 

the type of treatment was unknown.  Regardless of group, subjects from both groups did 

not achieve full ROM by 3 months.  Mean flexion AROM was 151° in the AWS group 

and 154° in the non AWS groups.  Mean abduction AROM was 156° and 157° in the 

AWS and non AWS group, respectively.  Studies of healthy women approximately the 

same age have reported flexion AROM ranging from 168-172° and abduction from 178-

180°.61,138  The reduced motion in the early post-operative period observed in the current 

study supports the need for rehabilitation intervention to assist with reduced movement in 

surgical breast cancer patients.  Early intervention programs for upper extremity 

impairments have found significant improvement in shoulder movements.139,140   

   Subjects in the current study followed the normal plan of care of their medical 

provider.  The possibility of a treatment effect was not controlled since this was a non-

intervention study.  Identification of AWS by the PI may have influenced the plan of care 

rendering a higher number of subjects receiving treatment and/or activity and exercise.  
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When subjects were identified with AWS, the subjects often informed their physician 

possibly enhancing awareness and prompting treatment such as rehabilitation or an 

exercise program.  Or, the patient may have sought out other treatment from other 

sources or medical providers that might not have normally been rendered.  Four subjects 

in the AWS group and four subjects in the non AWS group received rehabilitation for 

edema, ROM, and/or other physical issues within the first 3 months.  Though an equal 

number of subjects received rehabilitation in both groups, the type of treatment may have 

differed between groups depending on the deficit.  Other types of exercise, activity, and 

intervention were also reported and provided by a variety of sources such as other 

medical providers, friends, athletic trainers, massage therapists, acupuncturists, or the 

subjects established their own exercise program.  Some subjects reported working out at a 

gym with or without an athletic trainer.  Others were given exercises from their 

physician.  Others reported performing their own personal workouts such as yoga, upper 

extremity range of motion and strengthening, cross country skiing, and/or biking.  Some 

subjects reported receiving treatment from an acupuncturist or massage therapist for other 

issues such as edema or pain control.  Treatment, activity, and exercise varied widely 

among individuals in the current study and therefore could not be factored out; therefore 

a treatment effect may have influenced some of the results of the AWS clinical 

characteristics.  A randomized controlled study would be needed to determine the effects 

of treatment and exercise on AWS.    

The goniometric measurement of shoulder ROM in this study may not have 

captured all the movement issues involved in AWS.  Early restrictions could affect 

posture and scapular alignment.  Restricted ROM differences were identified early 
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between groups but there was no between group difference at 3 months. The early 

restriction could lead to compensatory movements affecting posture and other movement 

such as scapular motion.   

Subjects with prophylactic bilateral mastectomy were allowed in the study which 

may have made it more difficult to identify a difference in the clinical characteristics 

between groups.  Though lymph nodes were not removed bilaterally, post-surgical 

swelling in both extremities could have obscured the comparison of lymphedema 

measurements between affected and unaffected sides.  In addition, having bilateral 

surgery could have also influenced the DASH, HADS, and pain scores if bilateral 

mastectomy caused additional functional loss, pain, and psychological distress.  Four out 

of the 36 subjects underwent bilateral mastectomy.  

The inclusion of bilateral mastectomy patients provided insight on the 

development of AWS in this subset of the population.  Three of the four subjects with 

bilateral mastectomy developed AWS.  One of these subjects developed bilateral AWS.  

This is the first report of AWS in the literature following breast cancer surgery without 

lymph node removal.  This suggests lymph node involvement may not be the only source 

of AWS development.  Since lymph nodes were not removed on one side, interruption of 

the axillary lymphatics may explain the development of AWS.  Observing AWS in a 

subject without lymph node dissection supports the need to evaluate surgical breast 

surgery patients for AWS with or without lymph node removal.        

This study investigated surgical breast cancer subjects within the first 3 months 

postoperatively.  Preoperative measurements would have been beneficial for baseline 

comparison.  Longer follow up would be helpful in identifying differences in 
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lymphedema measurements as 3 months post surgery may be too early to determine a 

difference in lymphedema development.  Subjects in the non AWS group may develop 

AWS beyond the 3 months of this study; therefore the incidence of AWS could be 

underestimated.  

Lymph measurements 

There were no differences between the AWS group and non AWS group in trunk 

measurements using TDC, but both groups indicated TDC ratios above 1.2 which is 

suggestive of local edema.  Trunk edema was indicated in over half the subjects (55%) in 

this study at 3 months.  The edema may be related to lymphedema or some other cause, 

such as prolonged inflammatory changes post surgery or from radiation.   Removal of an 

axillary lymph node puts patients at risk for ipsilateral upper extremity and/or trunk 

lymphedema.  Theoretically, removing a lymph node that drains the tumor site in the 

breast (i.e. sentinel node) might put this area at higher risk for lymphedema.  If the 

drainage of the breast is being disrupted, it is possible other areas on the trunk with 

similar drainage could also be at higher risk.  The incidence of trunk and breast 

lymphedema is unknown, because there has not been an adequate measuring tool.  

Twelve of the 20 subjects with trunk TDC ratios above 1.2 received radiation post 

surgery.  Longer follow up would be needed to determine if the trunk edema was related 

to short term inflammatory changes from radiation or early lymphedema development.  

Regardless of the cause, the TDC measures were able to detect early trunk edema.  

Localized edema measurements using TDC ratios appear to be a promising measurement 

tool for trunk swelling which could help determine the incidence of trunk lymphedema in 

breast cancer patients.    
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Upper extremity TDC ratios in the AWS group were higher initially but lower at 3 

months which was the opposite of what was seen in the non AWS group.  Though the 

TDC ratios were not above normal, the fluctuation of TDC in the upper extremity may be 

explained by the natural healing process.  These measurements were taken on the medial 

arm which is in the relative location of AWS.  It is possible the initial higher local tissue 

measurement may have detected a localized increase in water content related to edema 

and/or inflammation in the area of AWS.  The measurements reduced at 3 months might 

reflect the normal healing process of reduced inflammation as the tissue progresses from 

the inflammatory phase to the proliferative and maturation phases of healing.131  It is 

possible there are differences in the healing process between AWS and non AWS groups 

that could explain the upper extremity TDC interaction effect. 

There were no differences between the AWS and non AWS group related to BIS.  

Only one subject (in the non AWS group) was identified with lymphedema in the first 3 

months of surgery using BIS.  Though the average BIS measures did not indicate 

lymphedema in either group, the changes in measurements across visits was similar in 

both groups.  The BIS measure decreased from 2 to 4 weeks and increased from 4 weeks 

to 3 months.  The initial higher measurements at 2 weeks could be detecting post-surgical 

edema followed by a reduction at 4 weeks.  The increase in the measurements at 3 

months could be detecting the gradual accumulation of edema related to lymphedema 

(early onset of subclinical lymphedema).  There are no known studies in the literature 

that have measured BIS as early as 2 weeks after breast surgery.  Longer follow up would 

be needed to assess changes in BIS measurements over time.   Lymphedema 

measurements using BIS may be limited by the fact it measures total arm fluid volume 
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and does not measure localized edema.  BIS may not have been sensitive enough to 

detect early localized edema changes.  In addition, three months was probably too early 

of a time period to detect lymphedema with BIS since diagnosis of lymphedema is rare 

this early after surgery. 16,28,34,46,107  Data was missing for BIS on one subject at their final 

visit because of decline in health.  The missing data may have had an effect on the results 

though it would have been minimal, because it was only one data point on one patient.      

 The girth measurement differences using total mean volume and percent volume 

differences were not indicative of lymphedema in either group.  Regardless of no group 

mean differences, one subject (in the non AWS group) was identified with above normal 

lymphedema measurements, using girth circumference diagnosis of more than a 2 cm 

change at a site and a 200 mL difference.  A 2 cm difference in girth circumference also 

indicated edema in the subject identified with lymphedema using BIS.  Girth 

circumference has been determined less sensitive than other measuring devices because a 

physical change needs to occur prior to detection.46,49  In this study, girth circumference 

was sensitive enough to detect edema using more than one diagnostic criterion.  A 2 cm 

difference in girth circumference detected edema in two subjects, a 200 mL difference 

detected edema in one subject, but using the diagnostic criteria of a 10% difference in 

volume did not indicate edema.  This is consistent with previous literature which 

determined a 2 cm difference was a more „liberal‟ definition of lymphedema, followed by 

200 mL, and 10% difference in volume being the most „conservative‟.28  

The results of individual lymphedema measurement methods did not indicate a 

difference between the AWS and non AWS groups.  At 3 months, two subjects in the non 

AWS group were identified with upper extremity edema and no subjects were identified 
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in the AWS group.  This may indicate a trend towards lymphedema development in the 

non AWS group, though longer follow up is needed to support this interpretation.   

DASH/HADS/VAS for Pain 

Functional loss did not differ between groups related to DASH scores.  In the 

current study, the DASH scores were lower compared to other breast cancer studies.26,61  

Other studies investigated subjects with ALND only, rather than combined ALND and 

SNB which is the probable reason for lower scores.  The DASH scores in the current 

study were higher when compared to healthy women approximately the same age (DASH 

score of 1.6)61 implying reduced function.  This supports the need for rehabilitation to 

assist with improving function in surgical breast cancer patients. 

There were no differences between the AWS and non AWS group related to pain, 

though both groups had persistent pain at 3 months.  The possible reason a difference was 

not detected is other causes of pain may have confounded the results.  Different types of 

pain have been described in the literature141 such as phantom breast pain,142,143 scar pain,144 

neuropathic pain,145 complex regional pain,146 axillary web syndrome,3,12,13 and myofascial 

pain syndrome12 in surgical breast cancer patients.  The etiology of pain following breast 

cancer surgery may be related to different types of surgery, adjuvant therapies or other 

causes; therefore understanding the characteristics of pain and the related causes would 

be beneficial.  The description of pain varied between groups and visits in the current 

study.  A pulling sensation was consistently reported and was the most common 

description of pain with movement at all visits in the AWS group.  Understanding the 

characteristics of post breast cancer pain could help identify appropriate treatment, such 
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as rehabilitation or pain medication, to assist with pain control in surgical breast cancer 

patients.              

Pain VAS and DASH scores may not have fully captured the symptoms and 

functional limitations of AWS.  The DASH functional questionnaire did not ask 

questions specific to the movement limitations of AWS.  Questions specific to AWS 

might include asking about difficulty with reaching out to the side or feeling of 

symptoms, such as pulling, with an outstretched arm.  Less than 5% of data was missing 

on the DASH and VAS questionnaires because subjects forgot or failed to complete the 

questionnaires at a visit.  The small amount of missing data may have affected the results 

though the anticipated affect would have been minimal.      

There were no differences in HADS scores between the AWS and non AWS 

group.  Both groups had mean HADS scores within normal limits (below 8).  The 

prevalence of subjects with either anxiety (33%) or depression (19.4%) at 3 months was 

similar to previous studies.27,147  This confirms the need for screening psychological 

issues in surgical breast cancer patients to provide adequate psychological support.25,27,67     

Ultrasound Characteristics 

The ultrasound findings did not show differences in skin thickness, reflector 

thickness, disorganization, and number of reflectors, or echo density on the affected side 

compared to the unaffected side.  Regardless of not reaching statistical significance, 

further discussion regarding imaging is worthwhile because there is no reported literature 

with regard to AWS and imaging.  The ultrasound findings were exploratory in nature 

and provided valuable ultrasound information regarding AWS.     
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Reduced echogenicity (hypoechogenicity) in the subcutis and dermal thickness is 

a reported ultrasound pattern in lymphedematous affected upper extremities compared to 

unaffected extremities in surgical breast cancer patients with early edema.148  This was 

not a consistent pattern seen in the AWS subjects imaged in this study.  This may be 

because the ultrasounds were taken at various time periods, and 3 months following 

surgery may be too early of a time period to detect a difference in edema patterns.   

Fifteen of the subjects had early post-operative ultrasounds following AWS development 

within the first month after surgery.  Two subjects had later ultrasounds following the 3 

month visit when they were diagnosed with AWS.  There may be a difference in early 

and later ultrasound patterns in subjects with AWS.  The ability to detect a difference in 

ultrasound patterns related to edema development may not have been measureable during 

the first 3 months.  The inability to detect an early edema pattern in the AWS group may 

support there is reduced likelihood of early edema in subjects with AWS.  The 

lymphedema measurement results support this possibility since no subjects in the AWS 

group were identified with upper extremity edema at 3 months.   

Ultrasound analysis may have been confounded by the fact three of the AWS 

subjects had bilateral mastectomy.  The ultrasound assessment could have detected 

similar ultrasound patterns on both sides identifying early edema or other post-surgical 

ultrasound patterns.  This would have made it difficult to identify differences between 

sides when compared to each other.   

The pathology description from the ultrasounds may assist with providing insight 

on the location of the cords and other potential possibilities regarding etiology.  A hyper 

dense structure or a complex structure with a mixture of hyper and hypo echogenic 
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characteristics was identified in 10 subjects near the dermal/subcutaneous junction or 

dermal layer.  Various structures are located in this area including blood vessels and 

lymph vessels.  Pathology in these structures could be related to the development of 

AWS.  

In previous literature, AWS has been compared to Mondor‟s disease which is 

thrombosis of a superficial vein.13  Mondor‟s disease has been imaged by ultrasound 

showing as a tubular structure with no flow.40,43  This type of structure was not identified 

on any of the ultrasound images; therefore a thrombotic superficial vein does not appear 

to be the cause of AWS.   

The lymphatic vessels of the superficial system consist of initial lymphatics, 

precollectors, and collectors.33  Initial lymphatics are located in the upper dermis.  

Precollectors run vertically through the dermis and connect to the lymph collectors which 

are located in the subcutaneous tissue.  The lymph collectors are positioned horizontal to 

the skin surface and bring lymphatic fluid to the regional lymph nodes.  The horizontal 

positioning and location of lymph collectors correspond with the pattern of the AWS 

cords.  It is possible if the lymph nodes or lymph collectors are injured, the lymph system 

has inadequate drainage and congestion.  In response, the lymph vessels attempt to form 

new pathways (i.e. lymphangiogenesis), establish collateral pathways, or re-establish 

flow in exiting pathways.  The lymph vessels possibly become adhered to other tissue 

causing a tethering affect in the vessel which results in a cord like structure when 

stretched (Figure 16 A and B).  

Ultrasound was not able to identify a consistent pattern or structure in patients 

with AWS.  This may be due to the possibility of limitations of ultrasound since 
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ultrasound does not have the ability to detect small pathologies, superficial lymphatics, or 

provide information about tissue composition.  The width of the cords could not 

objectively be measured with a caliper because some of the cords were too deep or not 

visible.  The width of the cords determined with subjective assessment by the PI 

concluded most cords were 1 mm or less which would make them difficult to detect on 

ultrasound.   

Another reason ultrasound may have been able to identify a consistent structure is 

the possibility there is not an actual visible structure.  The cord like structure may be 

tethered lymphatics.  As the lymphatics attempt to reestablish lymphatic flow during the 

healing process, the lymphatics become adhered to the underlying tissue.  In this case, a 

structure would not be identified by ultrasound as the lymphatics would not be visible.  

The cord like structure would be an existing lymphatic vessel getting tethered to 

underlying tissue in the areas attempting to reestablish lymphatic flow.       

Future directions 

This study suggests further research related to AWS development and surgical 

breast cancer patients.  Extending the follow up of this study would be beneficial to 

possibly detect a difference in lymphedema and other chronic morbidities between the 

AWS group and non AWS group.  Differences in other movement patterns, such as 

scapular kinematics, between the AWS group and non AWS group could also be studied 

to provide information about other possible long term movement restriction related to 

AWS and breast cancer surgery.      

Future imaging could provide information on the etiology and pathophysiology of 

AWS.  Other methods of imaging such as microscopic MRI could be pursued to help 
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provide further insight on the location and possible etiology.  Understanding the location 

and its relationship to surrounding tissue could help explain the etiology and 

pathophysiology.     

  An intervention trial would be beneficial in determining treatment benefits and its 

effect on AWS cord resolution.  The response to treatment should assess motion and cord 

resolution in addition to lymphedema development, pain, function, and quality of life.  

Further studies looking at the relationship between AWS, BMI, and the lymphatic system 

are also warranted.    

The TDC results provided interesting information regarding the prevalence of 

trunk edema in post breast cancer patients with lymph node removal.  Having the ability 

to detect trunk edema could determine the incidence of trunk lymphedema in surgical 

breast cancer patients and promote early intervention.  Detecting trunk edema justifies 

further investigation of the use of TDC to measure localized edema in other areas of the 

body that cannot be measured adequately with currently available measures such as for 

the hand, trunk, head, and/or neck.       

Summary 

 Axillary web syndrome is a prevalent condition following breast cancer surgery 

that develops most often in the early post-operative period.  It presents as a visible or 

palpable band resembling a cord-like structure often 1 mm or less in width.  The cords 

are located anywhere in the axilla, upper extremity, or trunk.  Axillary web cords do not 

completely resolve in all patients by 3 months after surgery.  Number of lymph nodes 

removed, age (a 10 year change), and BMI appear to be variables that help explain AWS 
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occurrence.  After controlling for confounding factors, BMI was the best predictor 

showing subjects with lower BMI are at higher risk for AWS.   

Shoulder abduction is reduced in AWS subjects compared to subjects without 

AWS within the first month after surgery, but there is no difference at 3 months.  Both 

groups did not achieve full pain free range at 3 months supporting the need for 

rehabilitation intervention.  Functional loss, anxiety, and depression did not differ 

between groups but is present in a portion of breast cancer patients.   

There were no differences in early upper extremity lymphedema development 

between subjects with AWS and non AWS using BIS, TDC, and circumferential 

measurements.  Upper extremity lymphedema development is uncommon within the first 

3 months after surgery16,28,34,46,107  therefore a longer follow up may be needed to detect a 

difference.  Trunk TDC measurements were above normal in both groups indicating 

possible trunk edema in 55% of the subjects.  Local lymphedema measurements using 

TDC appears to be an adequate measuring tool to detect early trunk edema. 

Ultrasound imaging of AWS concluded there was no visible structure greater than 

1 mm in the region visualized by 18 MHz ultrasound.  Axillary web syndrome appears to 

differ from ultrasound images of Mondor‟s disease.40,43  No tubular structures were 

identified as seen in Mondor‟s disease; therefore it appears superficial thrombosis of a 

vein is not  the cause of AWS development.  In addition, not identifying a structure on 

ultrasound supports the theory AWS may be lymphatic vessels.  The etiology of AWS 

has yet to be determined.  Determining the etiology and pathophysiology AWS would be 

beneficial as it would help identify the most appropriate treatment.   
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APPENDIX B 

Axillary Web Syndrome Ongoing Medical Evaluation 
(AWESOME) study 

 
Eligibility Checklist 

 
Subject#:          ____________________ 
Date:  ____________________ 
  

INCLUSION 
All subjects: 

1)  Are you 18 years of age or older? Yes No 

2)  Have you undergone breast cancer surgery? Yes No 

3)  Have you removal of at least one axillary lymph node because of 
breast cancer surgery? 

Yes No 

 
 

 
EXCLUSION  

4)  Have you undergone previous axillary lymph node dissection on 
the affected or unaffected side? 

Yes No 

6)Do you have a history of shoulder problems on either side such as 
shoulder impingement, rotator cuff tear, labral tear, instability, frozen 
shoulder, radiating neck pain, or upper arm (humerus) or scapula 
fracture?  

Yes No 

7)Have you undergone breast cancer surgery on the unaffected 
side? 

Yes No 

8)Do you have a history of a blood clot in either upper extremity? Yes No 

9) Are you pregnant? Yes No 

10) Do you have a pacemaker or other implanted electronic device? Yes No 

11)Do you have a metal implants such as pins or plates in bones? Yes No 

 
 
   
 

ELIGIBILITY CONFIRMATION:  Subjects are ineligible for study participation if they 
answered “no” to any question 1-3 or “yes” to any question 4-10. 
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APPENDIX C 

 

 

 

 

 

 

 

 

CONSENT FORM 

Axillary Web Syndrome Ongoing Medical Evaluation (AWESOME) 

You are invited to participate in a research study on axillary web syndrome.  You were 

selected as a possible participant because you responded to an announcement of this 

study, you informed your physician or physical therapist that you were interested in this 

study or were seen in clinic and agreed to talk with the investigator about the study.  We 

ask that you read this form and ask any questions you may have before agreeing to be in 

the study. 

This study is being conducted by Linda Koehler, a PhD student, under the advisement of 

Dr. Paula Ludewig, PhD, PT.  Dr. Ludewig is on faculty in the Program of Physical 

Therapy within the Department of Physical Medicine and Rehabilitation at the University 

of Minnesota. Dr. David Hunter and Dr. Anne Blaes are also members of the research 

team.  Dr. Hunter is a radiologist from the University of Minnesota and Dr. Blaes is a 

breast oncologist from the University of Minnesota Breast Center (UMBC). 

Study Purpose 

Axillary web syndrome is a condition that may occur after having injury (such as 

surgery) to the lymph nodes in the armpit.  It has the appearance of a tight band or cord 

running just underneath the skin and can cause pain, tightness, and reduced motion.  The 

development of axillary web syndrome may also be considered a risk factor for 

lymphedema development.   

This purpose of this study is to determine the clinical characteristics of persons with and 

without axillary web syndrome following breast cancer surgery.  In addition, this study 

will determine the ultrasound characteristics of persons who develop axillary web 

syndrome or at risk for developing axillary web syndrome.     

Study Procedures 

If you agree to participate in this study, we would ask you to do the following:  
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1) Provide background information to the investigator (age, height, weight, medical 

history, and ability to do daily activities). 

2) Receive a clinical screening for lymphedema, axillary web syndrome, and your 

shoulder motion. 

3) Have motion sensors (about one inch square each) taped to the skin over your 

shoulder blade and top of your breast bone, and a plastic arm brace strapped to your arm 

just above the elbow. 

4) Perform active motions lifting your arm from your side to up overhead, within a 

comfortable amount of motion for you. 

5) Have sensors placed on the skin by your ankles and wrists for lymphedema 

assessment. 

6) Have a sensor momentarily placed on your trunk and arms for lymphedema 

assessment. 

7) Have circumferential measurements taken on your arms using a tape measure. 

8) If you develop axillary web syndrome, you would receive an ultrasound over the 

skin in the area of the cord and in the same area on the opposite side of your body. 

 

All sensors will be removed at the end of the testing.  The testing does not involve any 

invasive procedures.  You will be asked to participate for three to four sessions lasting up 

to two hours per session. 

 

Risks of Study Participation 
 

This study has the following minimal risks.  First, a foreseeable risk or discomfort to you 

as a subject is minor skin irritation (possible redness from tape removal) due to the 

application and removal of the measurement sensors.  This discomfort would be 

comparable to the removal of a bandage taped to the skin.  Second, this testing may result 

in mild muscle soreness from moving your arm or possible lightheadedness from 

prolonged standing.  We will monitor your comfort and status throughout testing and you 

are allowed to sit or take a break at any time during testing if needed.  The motions you 

perform are not difficult and are consistent with typical daily arm motions. Finally, this 

testing may involve risks to you that are currently unforeseeable.   

 

Benefits of Study Participation 

 

The benefits to study participation are: There are no immediate benefits to you for your 

participation in this study.  Information gathered from the study may assist in designing 

exercise and lymphedema programs for persons with a history of shoulder and 

lymphedema problems with a goal of minimizing future risks of shoulder pain, stiffness, 

dysfunction, or lymphedema development. 

 

Study Costs/Compensation 

There is no monetary compensation for participating in this study but this study will 

provide lymphedema education and early lymphedema assessment by a certified 

lymphedema therapist at no cost. 
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Research Related Injury 

 

In the event that this research activity results in an injury, treatment will be available, 

including first aid, emergency treatment and follow-up care as needed.  Care for such 

injuries will be billed in the ordinary manner to you or your insurance company. If you 

think that you have suffered a research related injury, let the study physicians know right 

away. 

Confidentiality 

The records of this study will be kept private. In any publications or presentations, we 

will not include any information that will make it possible to identify you as a subject. 

Your record for the study may, however, be reviewed by a representative of the Food and 

Drug Administration (FDA) and by departments at the University with appropriate 

regulatory oversight.  To these extents, confidentiality is not absolute.  

Protected Health Information (PHI) 

Your PHI created or received for the purposes of this study is protected under the federal 

regulation known as HIPAA.  Refer to the attached HIPAA authorization for details 

concerning the use of this information.  

Voluntary Nature of the Study 

Participation in this study is voluntary. Your decision whether or not to participate in this 

study will not affect your current or future relations with the University, University of 

Minnesota medical center, physicians, nor the investigator(s). If you decide to participate, 

you are free to withdraw at any time without affecting those relationships.   

Contacts and Questions 

The researchers conducting this study are Linda Koehler, PT, under the advisement of Dr. 

Paula Ludewig, PT, PhD.  You may ask any questions you have now, or if you have 

questions later, you are encouraged to contact them at the Program in Physical Therapy, 

Box 388 MMC, The University of Minnesota, Minneapolis, MN 55455, 612-626-0420.  

If you have any questions or concerns regarding the study and would like to talk to 

someone other than the researcher(s), you are encouraged to contact the Fairview 

Research Helpline at telephone number 612-672-7692 or toll free at 866-508-6961.  You 

may also contact this office in writing or in person at University of Minnesota Medical 

Center, Fairview-Riverside Campus, 2200 Riverside Avenue, Minneapolis, MN 55454. 

You will be given a copy of this form to keep for your records. 
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Statement of Consent 

I have read the above information.  I have asked questions and have received answers.  I 

consent to participate in the study. 

Signature of Subject_______________________________________________  

 Date_________________ 

 

Signature of Investigator___________________________________________  

 Date_________________ 
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APPENDIX D 
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APPENDIX E 

 

 

 

 

Study Variables 

Visit 

(allotted time for visit) 

2 week post-op   

(+/- 7 days)  

4 week post op 

(+/- 7 days) 

3 month post-op 

(+/- 14 days) 

Clinical characteristics 

Medical history X X X 

Range of motion X X X 

Axillary web syndrome 

assessment 
X X X 

Tissue dielectric 

constant 
X X X 

Bioimpedance X X X 

Girth measurements X X X 

Disabilities of the arm, 

shoulder, and hand 

(DASH)/Hospital 

anxiety and depression 

scale (HADS) 

X X X 

Pain visual analog scale X X X 

Body mass index X   

Table 1.  Study variables for all subjects 
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AWS characteristics Measure 

Cord length measurement centimeters 

Location of cord 
Axilla/upper arm, elbow, 

forearm, or trunk 

Number of cords Numerical count 

Width (mm millimeters) <1 mm, 1mm, >1mm 

Depth Superficial, middle, deep 

Photo Digital 

Identification Palpable or visible/palpable 

Ultrasound characteristics   

Skin thickness Millimeters 

Reflector thickness <, =, > than affected side 

Reflector number <, =, > than affected side 

Reflector disorganization <, =, > than affected side 

Echogenecity <, =, > than affected side 

Radiologist prediction of axillary 

web syndrome side 

Right or left 

Structure identified Yes or no 

Table 2.  Study variables for axillary web syndrome (AWS) cords.  

Characteristics of cords were taken at each visit a cord was present.  

Ultrasound imaging was taken one time following the diagnosis of 

AWS on physical exam.    
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APPENDIX F 
 

Subject History 

Subject #:_________________________ 

Today‟s Date:_______/________/______ 

Visit:   Baseline  1 month  3 month 

  

Date of birth:  ____/______/______ 

Occupation:_________________________________________________ 

Handedness :    1  Right   2 Left 

Race/ethnicity:   1 White     2 Other:_____________(please specify) 

Have you ever smoked?   1 Yes 2 No   

Current smoker?    1 Yes  2 No  If yes, how many cigarettes per 

day?______  

Menopausal:    1  Premenopausal  2 Postmenopausal   3 Don‟t know  

 

Height:  ______ft _____inches Weight:________  

Date of surgery:_______/_________/________ 

 

Surgical Procedure Mark with 

(X) 

Comments 

Mastectomy  1 Yes 

 2 No 

 

Breast conserving 

 (i.e. lumpectomy) 

 1 Yes 

 2 No 

 

Re-excision of 

margins 

 1 Yes 

 2 No 

 

Hematoma or seroma 

evacuation 

 1 Yes 

 2 No 
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Breast reconstruction  1 Yes 

 2 No 

 

Other:   

 

 

 

 

Cancer information  

Quadrant cancer located   1 Upper lateral                      

 2 Upper medial 

 3 Lower lateral                     

 4 Lower medial 

Number of lymph nodes removed  1 Sentinel lymph node biopsy  

Number of nodes_____________ 

 2 Axillary lymph node dissection 

Number of nodes_____________ 

 3 Unknown 

Number of cancerous lymph nodes   

Stage of disease  1 Stage I 

 2 Stage II 

 3 Stage III 

 4 Stage IV 

 5 Unknown/not staged 

Adjuvant therapy Mark with 

X 

 

 Radiation  1 Yes 

 2 No 

 

 Chemotherapy  1 Yes 

 2 No 

 

 Other   
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APPENDIX G 

The Lymphatic System 

Arteries deliver blood from the heart to all areas of the body. About 90% of the 
fluid is returned to the heart through the veins. The 10% of fluid that remains in 
the tissue is absorbed by the lymphatic system and is called lymph fluid. 
Approximately two liters of lymph fluid are returned to the blood stream every 
day. The lymph fluid is collected in the lymph vessels and is carried from the 
extremity through pathways, which lead to the lymph nodes. The lymph nodes 
filter the fluid, in addition to producing/storing immune system cells. The lymph 
fluid continues to travel through the lymph vessels and is eventually returned 
back to the circulatory system. The primary function of the lymphatic system is to 
provide nutrition, maintain the body‟s fluid, and acts as a defense mechanism.  If 
lymph nodes or lymph vessels are damaged or removed, the lymph fluid cannot 
return to the circulatory system. This results in lymphedema. 

What is Lymphedema? 

Lymphedema is commonly identified as swelling of a body part due to an 
abnormal accumulation of protein-rich fluid. It is most often located in the arms or 
legs but can also be located in the trunk, chest, genitalia, face or neck. The veins 
and lymphatic vessels normally remove fluid, but when the lymphatic system is 
not functioning properly, lymphedema occurs. 

Lymphedema that develops after the lymphatic system is altered by breast 
surgery, radiation, or repeated infection is called secondary lymphedema.   
Anyone who has had lymph nodes removed or radiation for cancer treatment is 
at risk for developing lymphedema.  Secondary lymphedema could develop 
immediately following cancer surgery or many years later.  

Lymphedema is chronic and progressive. If left untreated, it could lead to 
increase in swelling, loss of function, chronic infections (cellulitis), and interfere 
with wound healing. It could cause fibrosis, which is thickening, hardening and 
loss of elasticity of the skin. In severe cases, it can result in draining of fluid from 
the skin and extreme swelling of a body part (elephantiasis). 

Signs and Symptoms of Lymphedema 

• Swelling of a body part 
• Heaviness, tightness, or fullness in the extremity or trunk 
• Tingling sensation in the extremity or trunk 
• Tight clothing or jewelry 
• Decreased flexibility of the extremity or trunk 
• Feeling of achiness in the extremity or trunk or may tire more easily 
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Early symptoms may be subtle and swelling may not be visible initially. The limb 
may tire more easily and feel achy when you use it. If this happens, you may 
benefit from a consultation with a lymphedema therapist. Do not ignore any slight 
increase of swelling in the arm, hand, fingers, neck or chest wall. It is easier to 
treat and manage lymphedema when detected early. 
 

Stages of Lymphedema 

There are four recognized lymphedema stages: 

Stage 0:  Edema is not apparent but there is lymph impairment present. 

Stage I:  Early onset of edema that goes away with limb elevation. 

Stage II:  Swelling does not reduce completely with limb elevation and the tissue 
may begin to feel more firm 

Stage III:  There is significant swelling present with thickening of the skin.  Skin 
changes such discoloration, deepened skin folds, fat deposits, and warty growths 
may develop.  

Where could lymphedema develop? 

Swelling could develop in the arm or upper trunk (this includes the chest wall and 
back) on the surgical side. 

                            

 
If you experience lymphedema symptoms… 

If you have any signs or symptoms of lymphedema, contact your physician.  
He/she may want to refer you to a lymphedema therapist for an evaluation and 
possible treatment to manage your symptoms. 

Back Side Front 
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Upper Extremity Lymphedema Precautions 

It is important to take special care of the arm and the upper quadrant on the side 
you had surgery.  The guidelines listed below are for people who have 
lymphedema or at risk for lymphedema. 

 
Watch for Infections and Injury 

Lymph fluid contains large molecule proteins. The excess lymph fluid in an arm 
with lymphedema is a site where bacteria can easily grow by feeding on the 
protein. This puts the swollen arm at risk for developing infections. A cut which 
becomes infected could also cause or worsen lymphedema. It is important to 
avoid any skin breaks because this is a route for bacteria to enter. 

• Never allow an injection, blood draw, IV, acupuncture, tattooing, body piercing, 
or blood stick in the affected arm. 
• Avoid any injury to the skin (bruising, cuts, sunburn, or other bums, sports 
injuries, insect bites, animal scratches or bites). 
• Wash any cut, insect bite, or any other break in the skin with soap and water 
and cover with a clean bandage. Use an antiseptic cream if desired. 
• Avoid insect bites by using an insect repellent when outdoors. 
• Avoid repetitive movements such as typing, painting, scrubbing, knitting or 
needlework. Take frequent breaks during these activities. 
• Be careful when doing housework or gardening. Use a long oven mitt to protect 
yourself when cooking. Be especially careful not to burn yourself when ironing. 
Wear protective gloves when gardening or using harsh cleaners or chemicals. 
• Use an electric razor for shaving under the arm. Maintain the electric razor 
properly, replacing heads as needed. 
• *lf you have any signs of infection (redness, increase in temperature, fever, 
chills, blistering, rash, Increase swelling), contact your doctor immediately. 
 
Avoid Hot and Cold Temperatures 
Heat could cause blood vessels to dilate, increasing the amount of fluid in the 
tissues. Extreme cold could cause constriction, decreasing the flow of fluid. 
Either extreme may aggravate lymphedema, although heat is usually worse than 
cold. 

• Avoid extreme temperature changes (hot or cold) that cause your skin to turn 
red. Showers and baths should not cause reddening of the skin. No saunas, hot 
tubs, paraffin wax, or hot packs, ice packs or cold packs should be applied to the 
involved area unless indicated by a health care professional.. 
• Exercise in moderation. Do not overtire or overstrain your arm. If it starts to 
ache, lie down and elevate it. Walking, swimming, light aerobics and bike riding 
are all recommended activities. 
• Keep the arm protected from the sun. Use a high SPF lotion (15 or higher).  A 
sunburn could increase blood flow to your arm. 
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Watch for Increased Pressure 
Anything that is tight could constrict the flow of lymph and increase the risk of 
arm swelling. If your arm is already swollen, constricting the flow of lymph could 
make the problem worse. (This warning does not apply to properly fit medical 
compression garments or bandages which has a low-stretch and gradient 
pressure.) 
 
• Blood pressures should be taken on your unaffected arm. 
• Be aware when carrying heavy bags, purses, or luggage with your affected arm 
as the straps could cause constriction. Carry them on your other shoulder or 
across your body if needed. Using a belt or a fanny pack is a good alternative to 
a heavy purse. Using luggage with wheels when traveling may be helpful. 
• Avoid clothing that is tight, especially bras that cut into your shoulder or torso. 
Avoid elastic bands or restrictive clothing. 
• Wear a well-fitted bra. A soft pad may be worn to avoid cutting in at the bra 
strap. Avoid underwire bras. Wear a light prosthesis that fits properly into the bra 
cup. 
• Travelling by air could increase or initiate lymphedema. Increase your fluid 
intake during flight and move around the cabin, if possible. If you have 
lymphedema, where your compression bandages or garment during flight and 
keep them on for 2-4 hours following the flight. 
 
Take Good Care of Your Skin 
If you keep your skin clean and soft, you lower your risk of getting an infection. 
(Continue skin care guidelines you currently follow for diabetes or any other 
disease.) 
 
• Wash and dry your skin gently every day. Be sure to wash and dry between 
your fingers. 
• Use a low pH lotion after bathing and more often if you notice any dryness..  
Lotions without perfumes or dyes are recommended.   
• Do not scratch your skin. If it itches, take a cold, wet washcloth and gently apply 
over the area. 
• If you have a professional manicure, you may want to bring your own manicure 
tools. Avoid artificial nails. 
 
Live a Healthy Lifestyle 
• There is no special diet for lymphedema. Maintain your ideal weight with a well- 
balanced, low sodium, high-fiber diet. Lymphedema is a protein rich fluid, but 
eating too little protein will not reduce the protein element in the fluid, rather, this 
will weaken the connective tissue and worsen the condition. 
• Avoid smoking and use alcoholic beverages in moderation. 
• Drink 6-8 glasses of water day. 
• Exercise in moderation on a daily basis.   
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APPENDIX H 

ROM Measurements 

 

Subject #:_________________________ 

Today‟s Date:_______/________/______ 

Visit:   Baseline  1 month  3 month 

 

 

Affected side:  1 Right   

    2 Left 

 

 

Shoulder Affected Unaffected 

ACTIVE   

 Flexion  
 

 

 Abduction  
 

 

PASSIVE   

 Flexion  
 

 

 Abduction  
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APPENDIX I 

Lymphedema measurements 

 

Subject #:_________________________ 

Today‟s Date:_______/________/______ 

Visit:   Baseline  1 month  3 month 

 

Affected side:  1 Right   

    2 Left 

Girth circumferences 

Distance Affected 
  Right  Left 

Unaffected 
 Right  Left 

Wrist  
(below uln.styl) 

 
 

 

8cm  
 

 

16 cm  
 

 

24 cm  
 

 

32 cm  
 

 

40 cm  
 

 

  
 

 

   

Total volume 
 

  

Volume 
difference 
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TDC measurements 

Distance Affected 
 Right  Left 

Unaffected 
 Right  Left 

TDC ratio 

Wrist 
 

 
 

  

8cm  
 

  

16 cm  
 

  

24 cm  
 

  

32 cm  
 

  

40 cm  
 

  

  
 

  

    

Lateral 
chest wall 
(8 cm below 
axilla) 

   

  

BIS R0 Affected 
 Right  Left 

R0 Unaffected 
 Right  Left 

R0 ratio 
 Right  Left 

L-Dex value 

  
 

    

 

 Comments: 
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APPENDIX J 
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APPENDIX K 
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APPENDIX L 

Hospital Anxiety and Depression Scale (HADS) 

Please choose one response from the four given responses.   Choose the 
answer how it currently describes your feelings. 

 A.  I feel tense or „wound up‟:   

 3  Most of the time 

 2  A lot of the time 

 1  From time to time, occasionally 

 0  Not at all 

B.  I still enjoy the things I used to enjoy: 

 0  Definitely as much 

 1  Not quite so much 

 2  Only a little 

 3  Hardly at all 

A.  I get sort of a frightened feeling as if something awful is about to happen:   

 3  Very definitely and quite badly 

 2  Yes, but not too badly 

 1  A little but it doesn‟t worry me 

 0  Not at all 

B.  I can laugh and see the funny side of things: 

 0  As much as I always could 

 1  Not quite so much now 

 2  Definitely not as much now 

 3  Not at all 

A.  Worrying thoughts go through my mind:   

 3  A great deal of the time 

 2  A lot of the time 

 1  From time to time, but not too often 

 0  Only occasionally 
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B.  I feel cheerful: 

 3  Not at all 

 2  Not often 

 1  Sometimes 

 0  Most of the time 

A.  I can sit at ease and feel relaxed:   

 0  Definitely 

 1  Usually 

 2  Not often 

 3  Not at all 

B.  I feel as if I am slowed down: 

 3  Nearly all the time 

 2  Very often 

 1  Sometimes 

 0  Not at all 

A.  I get a sort of frightened feeling like „butterflies‟ in the stomach:   

 0  Not at all 

 1  Occasionally 

 2  Quite often 

 3  Very often 

B.  I have lost interest in my appearance:   

 3  Definitely 

 2  I don‟t take as much care as I should 

 1  I may not take quite as much care 

 0  I take just as much care as ever 

A.  I feel restless as I have to be on the move:   

 3  Very much indeed 

 2  Quite a lot 

 1  Not very much 

 0  Not at all 
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B.  I look forward with enjoyment to things:   

 0  As much as I ever did 

 1  Rather less than I used to 

 2  Definitely less than I used to 

 3  Hardly at all 

A.  I get sudden feelings of panic:   

 3  Very often indeed 

 2  Quite often 

 1  Not very often 

 0  Not at all 

B.  I can enjoy a good book or radio or TV program:   

 0  Often 

 1  Sometimes 

 2  Not often 

 3  Very seldom 
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APPENDIX M 
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APPENDIX N 

Ultrasound AWS assessment 

 

Subject #:_________________________ 

Today‟s Date:_______/________/______ 

Visit:   Baseline  1 month  3 month 

 

Skin thickness (in mm) 

Side A 
 

 
 

Side B 
 

 
 

 

Reflectors Side A 

 Thickness 
 

 Less than side B 
 Equal to side B 
 Greater than side B 

 Number  Less than side B 
 Equal to side B 
 Greater than side B 

 Disorganization  Less than side B 
 Equal to side B 
 Greater than side B 

Echo density 

  Less than side B 
 Equal to side B 
 Greater than side B 

 

AWS cord side?    Side R   Side L 

Structure?    Side R   Side L 
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APPENDIX O 

 

Equation 1:  Tissue dielectric ratio (TDC ratio) 

 
                  

                    
            

 

 

Equation 2:  Truncated cone formula for calculation of the limb volume from limb 

circumferences: 

            

   
        

 

Where:  

L = the length of the segment; 

X = the circumference at the bottom of the truncated cone, and 

Y = the circumference at the top. 

 

 

 

 

Equation 3:  Upper extremity volume percent difference: 

 
                                 

                 
                             

 

 

 

 

 

Equation 4: 

 
                        

 
                           

  = number of completed responses to questions 
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APPENDIX P 

Group**  Visit Variable Skewness* Kurtosis* Fisher‟s G1 Fisher‟s G2 

2 2 Percent 

volume 

difference 

-4.0 

(SE=2.3) 

17 

(SE=18.4) 

-4 18.9 

2 3 Abduction 

PROM 

-2.0 

(SE=0.75) 

6.02 

(3.9) 

-2.2 4.4 

1 3 TDC-Trunk 2.6 

(SE=0.9) 

9.5 

(SE=6.8) 

2.9 9.4 

2 3 Pain with 

movement 

1.7 

(SE=0.60) 

5.0 

(SE=2.6) 

1.9 3.2 

1 1 HADS-

Depression 

2.0 

(SE=0.58) 

7.1 

(SE=3.8) 

2.2 6.0 

1 2 HADS-

Depression 

1.7 

(0.52) 

5.7 

(SE=2.7) 

1.9 4.1 

1 3 HADS-

Depression 

1.7 

(SE=2.5) 

5.2 

(SE=2.5) 

1.8 3.4 

2 3 HADS-

Depression 

1.7 

(SE=0.57) 

5.4 

(SE=2.7) 

1.9 3.5 

1 2 HADS-

Anxiety 

1.7 

(SE=0.6) 

5.2 

(SE=2.9) 

1.8 3.4 

2 3 Pain at rest 2.2 

(SE=0.84) 

7.2 

(SE=4.7) 

2.4 6.2 

1 3 DASH 2.3 

(SE=0.81) 

7.4 

(SE=4.8) 

2.5 6.5 

2 3 DASH 2.3 

(SE=0.65) 

8.1 

(SE=4.41) 

2.5 7.2 

PROM passive range of motion, TDC tissue dielectric constant, HADS Hospital anxiety and depression 

scale, DASH Disabilities of the arm, shoulder, and hand, SE Standard error  

*Skew values between -3 and 3 are typical values from a normal distribution.  Kurtosis of 3 is normal, >3 

tends to be leptokurtic (higher peak), <3 tends to be platykurtic (broader peak) 

**Groups: AWS=1, non AWS=2 

 

Table 1:  Factors with non normality for analysis of variance using data reduction values 
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APPENDIX Q 

Note:  Each image includes a split screen.  The left image (a) includes the Jelco marker at 

the skin surface identifying the location of the cord.  The right (b) is a mirror image 

without the Jelco marker.  As seen on the images on the left, the Jelco marker causes a 

shadowing effect; therefore the marker was removed for clarity as seen in the images on 

the right.    

    

  

 

 

a. b. 

Image 1:  Subject 8-Ultrasound images of cord located in the axilla on affected 

side.  (a) The white speck on the top of image shows the Jelco marker placed on 

the skin surface with subsequent shadowing.  (b) Arrow indicates a hyper dense 

structure in the area under the marker. 
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a. b. 

Image 2:  Subject 9: Ultrasound image of cord located in the axilla 

on affected side.  (a) Marker is placed over the cord on the skin 

surface which appears as an outward tenting of the skin from the taut 

underlying taut cord.  (b) The arrow indicates a hyper dense 

structure at the skin surface underlying the marker. 
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a.  b.  

Image 3:  Subject 27. Ultrasound image of cord located in the axilla 

on affected side.  (a) Jelco marker corresponds with a bump on the 

skin.  (b) Bump and marker corresponds to a hypo and hyper 

echogenicity in the underlying area. 
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a. b. 

Image 4:  Subject 30.  Ultrasound image of cord located in the axilla 

on affected side.  (a) Jelco marker corresponds with a bump on the 

skin.  (b) Bump and marker corresponds to a hypo and hyper 

echogenicity in the underlying area. 
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APPENDIX R 

  

a. b. 

Image 1.  Subject 1.  (a) Right antecubital fossa at 3 months.  (b) Right antecubital fossa 

at US visit. 

  

a. b. 

 

c. 

Image 2.  Subject 3.  (a) Left axilla at 2 weeks.  (b)  Left anterior trunk at 4 weeks.  (c) 

Left axilla at 3 months. 
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a. b. 

Image 3.  Subject 7.  (a)  Left axilla at 4 weeks.  (b) Left antecubital fossa at 4 weeks.   

  
a. b. 

 
c. 

Image 4.  Subject 8.  (a)  Right axilla at 2 weeks.  (b)  Right upper arm at 2 weeks.  (c)  

Right antecubital fossa at 2 weeks. 
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a. b. 

Image 5.  Subject 9.  (a)  Left axilla at 3 months.  (b)  Left antecubital fossa and forearm 

at 3 months. 

 

  
a. b. 

Image 6.  Subject 10.  (a)  Right antecubital fossa at 3 months.  (b)  Right axilla at visit 3 

months. 
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a. b. 

Image 7.  Subject 12.  (a) Left axilla at 4 weeks.  (b)  Left axilla at 3 months. 

 

 

 

 

 

 

 

 

 

 

  
a. b. 

Image 10.  Subject 16.  (a)  Right axilla at 4 weeks.  (b)  Right axilla at 3 months. 

 
Image 9.  Subject 15.  Left axilla at 2 

weeks. 

 
Image 8.  Subject 14.  Left axilla at 2 

weeks. 
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a. b. 

Image 11.  Subject 17 (a)  Right axilla at 4 weeks.  (b)  Right axilla at 3 months. 

 

  
a. b. 

 
c. 

Image 12.  Subject 19.  (a) Left axilla and upper arm at 2 weeks.  (b)  Left axilla at 4 

weeks. (c) Left axilla at 3 months. 
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a. b. 

 
c. 

Image 13.  Subject 27.  (a)  Left axilla at 2 weeks.  (b)  Left axilla at 4 weeks.  (c)  Left 

axilla at 3 months. 
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a. b. 

 
c. 

Image 14.  Subject 28.  (a)  Right axilla 2 weeks.  (b) Right axilla visit 4 weeks.  (c)  

Right axilla 3 months. 

 

Image 15.  Subject 30.  Right axilla at 2 weeks. 
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a. b. 

Image 16.  Subject 32.  (a)  Left axilla at 4 weeks.  (b)  Left axilla at ultrasound. 

  
a. b. 

 
c. 

Image 17.  Subject 34 underwent a bilateral mastectomy and developed AWS bilaterally.  

(a)  Left axilla at 4 weeks (side with lymph node dissection).  (b)  Left axilla and elbow at 

4 weeks (side with lymph node dissection).  (c)  Right axilla at 4 weeks (side without 

lymph node dissection). 

 


