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Introduction

Breast cancer is the most common cancer type in women (1, 2). More than 1 million women are diagnosed with breast cancer annually 
worldwide (3). One in every eight women is expected to develop breast cancer during their lifetime (4).

Although breast cancer treatment is quite effective, post-treatment complications constitute major problems for patients (5). One of the 
complications occurring after breast cancer treatment is lymphedema and causes serious long-term disability (2, 6). Breast cancer associ-
ated upper extremity lymphedema develops because of surgical removal of axillary lymph nodes and/or axillary radiation therapy. The 
protein-rich lymph fluid accumulates in the interstitial space within the skin-subcutaneous area due to impairment of lymphatic flow and 
manifests with upper extremity swelling, limitations in mobility, and heaviness (7).

Breast cancer associated lymphedema frequently develops within the first 3 years of treatment, although there is a life-long risk of develop-
ing lymphedema (5, 8). Lymphedema incidence in breast cancer patients with axillary lymph node dissection and axillary radiotherapy 
is reported to be approximately 30% (6, 7). The intensity of lymphedema correlates with the number of axillary lymph nodes removed 
and the extent of radiation (5). The size of the tumor, advanced age, obesity, immobility, recurring cellulitis and erysipelas also increase 
the risk (1, 5, 6, 8, 9).

Lymphedema can cause serious physical problems such as limb swelling, pain, limitations in mobility, skin infections and subcutaneous 
fibrosis. It may impair the patient’s quality of life and can develop psychological problems such as anxiety and depression. It can lead to 
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ABSTRACT

Objective: Lymphedema is one of the most debilitating outcomes of breast cancer treatment. We aimed to compare the demographic and clinical 
characteristics of breast cancer patients with and without lymphedema, to assess risk factors for lymphedema, and to evaluate treatment outcomes 
in lymphedema patients.  

Materials and Methods: Demographic and clinical characteristics of 84 women with previous surgery for breast cancer who presented to the 
outpatient clinic between March 2014 and May 2015 were retrospectively extracted from patient records. 

Results: Upper extremity lymphedema was detected in 34 of 84 patients (40.5%). The mean age, body mass index, the number of positive lymph 
nodes and the number of patients with postoperative radiotherapy were significantly higher among patients with lymphedema than those without 
(p<0.05). Educational level of patients with lymphedema was significantly lower than the other group (p<0.05). The correlation analysis revealed 
an association between age, educational level, body mass index, tumor stage, number of positive lymph nodes, postoperative radiotherapy and pres-
ence of lymphedema. Postoperative radiotherapy was detected as the only independent risk factor by logistic regression analysis. Fourteen out of 
26 lymphedema patients were assigned to education, skin care, exercise and compression bandaging therapy. Upper extremity volumes and volume 
differences were significantly improved after treatment. 

Conclusion: Advanced age, low educational level, obesity, tumor size, the number of positive lymph nodes and postoperative radiotherapy cor-
related with the development of lymphedema. Within these factors, postoperative radiotherapy was detected as an independent risk factor for the 
development of lymphedema. Patient education, skin care, exercise and compression bandage therapy are effective treatment options in breast 
cancer-related lymphedema.  
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social isolation and delays in time to return to work.  That is why, the 
prevention, early diagnosis and treatment of lymphedema are signifi-
cant issues (10).

The diagnosis of lymphedema is usually based on history and physi-
cal examination. It is often unilateral (5). Although it can affect the 
complete arm, it can be localized to the hand, forearm or the upper 
arm (8). Initially the edema is soft with pitting, while it progresses to 
a solid edema in time with subcutaneous fibrosis that develops due to 
inflammation (5). Girth and/or volume measurements are important 
in physical examination. The most commonly used diagnostic method 
is girth measurements. Ideally, circumference measurements should be 
made in the preoperative period and compared with measurements 
made at regular intervals in the postoperative period, and a difference 
above 2 cm should be considered as lymphedema. However, since this 
is not often possible, the postoperative difference between two arm 
circumferences above 2 cm is regarded as lymphedema. The most ac-
curate measurement technique is the water displacement technique. 
This technique measures the volume of water that overflows when the 
arm is submerged in a container filled with water. If the difference be-
tween the two arms is greater than 10% or 200 ml then it is regarded 
as lymphedema (8). 

Lymphedema is a disease that can be controlled, but cannot be cured 
(2). The most accepted lymphedema treatment method is complete 
decongestive therapy (CDT). CDT is designed to reduce limb volume 
and to maintain skin health (2, 5, 11). The treatment program consists 
of two phases of intensive phase (phase 1) and self-management phase 
(phase 2). The intensive phase is expected to decrease lymphedema 
volume with a 2-4 week treatment program. The intensive phase 
includes manual lymph drainage, multi-layer short stretch compres-
sion bandaging, patient education, skin care and exercise. The self-
management phase is aimed to protect the volume reduction that was 
obtained in the intensive phase. This phase includes self-massage, com-
pression garments, skin care, patient education and exercise, and lasts 
for a lifetime (2, 10).

Once lymphedema develops, it requires lifelong monitoring and treat-
ment, without offering cure. Therefore, it is important to inform 
patients on the issue and prevent lymphedema. This study aimed to 
compare the demographic and clinical characteristics of breast can-
cer patients with and without lymphedema, to assess risk factors for 
lymphedema, and to evaluate treatment outcomes in lymphedema 
patients. 

Material and Methods

Demographic and clinical characteristics of 84 women with previous 
surgery for breast cancer who presented to the outpatient lymphedema 
clinic between March 2014 and May 2015 were retrospectively ex-
tracted from patient records. An approval was obtained from the hos-
pital ethics committee.

The demographic characteristics, history on breast cancer and its 
treatment, co-morbidities, bilateral upper extremity circumference 
measurements and bilateral upper limb volume values based on girth 
measurements were evaluated in all patients with breast cancer who 
presented to our lymphedema outpatient clinics. The circumference 
measurements were made at the level of the metacarpophalengeal 
joint, wrist (proximal ulnar styloid), as well as 10 cm proximal and 
distal to the lateral epicondyle. The volumes were measured by using 
geometrical volume formulas based on circumference measurements 

(12). Patients with at least 2 cm difference between the two upper 
extremities in at least one level and/or at least a 10% difference be-
tween the two upper limb volumes were considered as lymphedema. 
The stage of lymphedema, severity and follow-up data during follow-
up in patients with lymphedema were evaluated. For staging; Stage 
1: soft edema with pitting, is reduced temporarily by limb elevation 
(reversible lymphedema), Stage 2: edema is harder and non-pitting, it 
does not regress with limb elevation (irreversible lymphedema), Stage 
3: lymphedema is advanced, elephantiasis, massive hyperkeratosis 
and ulceration may occur (irreversible lymphedema). For severity, the 
lymphedema was considered as mild if the difference between the cir-
cumferences between two arms was <3 cm, moderate if between 3-5 
cm, and as severe if >5 cm.

At our lymphedema outpatient clinic, patients with breast cancer sur-
gery are evaluated and informed about lymphedema, the issues they 
should pay attention to in order to prevent lymphedema (eg avoid-
ing trauma, compression, infection, barotrauma, heat and cold, and 
weight gain) are explained, early symptoms of lymphedema are taught 
(tightening of clothes, heaviness, redness, numbness and tingling), 
skin care is emphasized (using neutral pH soap and moisturizer, avoid-
ing cuts, scratches and ingrown nails, keeping fingers and skin folds 
clean and dry), and the relevant exercises are taught. A multi-layer 
short-stretch compression bandaging is applied to patients identified 
to have upper extremity lymphedema as part of phase 1 treatment in 
addition to the issues mentioned above (education, exercise, skin care). 
The compression bandage is applied in our clinic on a daily basis and 
stays on for 23 hours in the extremities. Limb circumference mea-
surements are made on a weekly basis, and the patient is switched to 
maintenance therapy with compression garment as soon as a plateau in 
reduction is reached. Patients are recommended to wear a tailor-made, 
one-piece, class 2-compression garment to the entire arm and hand 
during the day and asked to remove it during the night. After switch-
ing to compression garments, patients are followed-up at our clinic in 
every 3 months during the first year.

Statistical analysis

The demographic and clinical characteristics of patients with and with-
out lymphedema had a non-homogeneous distribution, and the inter-
group differences were evaluated by the non-parametric Mann-Whit-
ney U test and chi square test. The Spearman correlation coefficient (r) 
was used to determine factors associated with lymphedema. r 0-0.25 
was regarded as no correlation, 0:25 to 0:50 as weak-to-moderate cor-
relation, 0.50-0.75 as strong correlation, and 0.75-1 was regarded as 
a very strong correlation. Logistic regression analysis was made after 
correlation analysis to identify independent risk factors for lymphede-
ma. The changes in pre- and post- treatment upper extremity volumes 
and volume differences between the two upper extremities in patients 
with lymphedema were evaluated with the non-parametric Wilcoxon 
test. The data were transferred to the electronic environment and were 
evaluated with the SPSS 13.0 for Windows (SPSS, Inc.; Chicago, IL, 
USA) software. Statistical significance was set at p<0.05.

Results

The mean age of the 84 patients was 53.2±10.2 years, and their mean 
duration of education was 7.2±4.2 years. 70 percent of the patients 
were housewives, 20% were employed and 6% were retired. 73.3% 
of the patients were married while 26.7% were single. The mean body 
mass index was 29.4±6.5 kg/m². 86.7% of the patients were right-32
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handed. 31.7% of patients had hypertension, 15% thyroid disease, 
13.3% diabetes mellitus, 6.7% chronic obstructive pulmonary disease, 
and 1.7% had coronary artery disease. 48.3% of patients underwent 
left-sided breast surgery, 46.7% had surgery on the right side, and 5% 
had bilateral disease. Eighty-five percent of patients underwent modi-
fied radical mastectomy, while the remaining 15% underwent breast 
conserving surgery and axillary lymph node dissection. 95% of pa-
tients had invasive ductal carcinoma, 3.3% papillary carcinoma and 
1.7% tubular carcinoma. In the postoperative period, 71.7% of pa-
tients received chemotherapy, 55% received radiotherapy and 58.3% 
hormonal therapy. The mean period between the date of surgery and 
the study was 35.7±49.3 months.

Lymphedema was detected in at least one upper extremity in 34 out of 
84 patients (40.5%). The average duration of swelling in patients with 
lymphedema was 27.8±39 months. 33 patients (97.1%) had lymph-
edema in one upper limb while 1 (2.9%) patient had involvement of 
both upper extremities. In 19 of the 34 patients with lymphedema 
(55.9%), lymphedema developed in the dominant upper extremity. 
Ten patients (29.4%) had stage 1, 22 patients (64.7%) stage 2, and 2 
patients (5.9%) had stage 3 lymphedema. The severity of lymphedema 
was mild in 8 patients (23.5%), moderate in 13 patients (38.2%) and 
severe in 13 patients (38.2%). None of the patients had a family his-
tory of lymphedema. None of the patients had skin involvement (cel-
lulitis, papillomatosis, hyperkeratosis).

The mean age, body mass index, the period between the date of sur-
gery and the study, number of metastatic lymph nodes and number of 
patients with postoperative radiotherapy was significantly higher in the 
group with lymphedema than the group without (p<0.05). The mean 
education duration of patients with lymphedema was significantly 
lower than that of patients without (p<0.05). There was no difference 
between the groups in terms of occupation, marital status, dominant 
limb side, co-morbidity, breast cancer type and stage, breast cancer 
surgery, number of removed axillary lymph nodes, number of patients 
with postoperative chemotherapy and hormonal therapy (p>0.05). 
Demographic and clinical characteristics of patients with and without 
lymphedema have been presented in detail in Table 1.

Correlation analysis revealed weak-to-moderate association between 
lymphedema and age, education duration, body mass index, cancer 
stage, number of positive lymph nodes and postoperative radiotherapy 
(r=0.25-0.40; p<0.05). There was no correlation between lymphedema 
and number of removed lymph nodes and postoperative chemother-
apy (r=0:14 to 0:18 p>0.05). The only independent risk factor was 
determined as postoperative radiotherapy by logistic regression analy-
sis (OR: 7:09, p=0.04). Correlation analysis and logistic regression 
analysis results are shown in detail in Table 2 and Table 3, respectively.

Thirteen out of the 34 lymphedema patients (38.2%) did not attend 
treatment despite recommendations. Four patients (11.8%) did not 
accept the daily treatment due to transportation problems. Two pa-
tients (5.9%) were scheduled for treatment after completion of che-
motherapy. Radial, median and ulnar neuropathy due to unilateral 
lymphedema compression was detected in one patient (2.9%) who 
was admitted for an inpatient treatment program. Fourteen patients 
(41.2%) were enrolled in the outpatient treatment program. The 
multi-layer short-stretch compression bandaging was applied daily for 
a mean of 4.5±1.2 weeks in patients who received outpatient treat-
ment. The upper extremity volumes with lymphedema, and volume 
differences between the two upper limbs significantly decreased after 33
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Table 1. Demographic and clinical features of patients 
with and without lymphedema

		  Patients with	 Patients Without  
		  Lymphedema 	 Lymphedema

		   (n=34)	  (n=50)	 p 

Age (year)	 56.6±10.7	 50.9±11.5	 0.01*

Education duration (year)	 6.2±4	 8.2±4.6	 0.04*

Dominant hand (n, %)

	 Right	 28 (%82.3)	 42 (%84)	 0.72

	 Left	 6 (%17.7)	 8 (%16)	

Occupation (n, %)

	 Housewife	 26 (%76.5)	 33 (%66)

	 Employed 	 6 (%17.6)	 11 (%22)	 0.25

	 Retired	 2 (%5.9)	 6 (%12)

Marital status (n, %)

	 Married	 23 (%67.6)	 35 (%70)	 0.51

	 Single	 11 (%32.4)	 15 (%30)	

Co-morbidity (n, %)

	 Hypertension	 12 (%35.3)	 18 (%36)	 0.06

	 Diabetes	 4 (%11.7)	 4 (%8)	 0.72

	 COPD	 2 (%5.9)	 2 (%4)	 1.00

	 Thyroid disease	 5 (%14.7)	 4 (%8)	 0.48

	 CAD	 0	 0	

BMI (kg/m2)	 31.4±6.6	 27.5±5.1	  0.003*

Period between the date 	 62.1±59.6	 18.5±26.1	  0.000* 
of surgery and the study (months)

Breast cancer location (n, %)

	 Right	 13 (%38.2)	 26 (%52)

	 Left	 19 (%55.9)	 22 (%44)	 0.24

	 Bilateral	 2 (%5.9)	 2 (%4)	

Breast cancer type (n, %)

	 Invasive ductal carcinoma	33 (%97.1)	 48 (%96)

	 Tubular carcinoma	 1 (%2.9)	 0	 0.66

	 Papillary carcinoma	 0	 2 (%4)	

Breast cancer stage (n, %)

 Stage 1	 7  (%20.6)	 11 (%22)

 Stage 2	 17 (%50)	 20 (%40)

 Stage 3	 10 (%29.4)	 17 (%34)	 0.07

 Stage 4	 0	 2 (%4)	

Breast cancer surgery (n, %)	

	 MRM	 30 (%88.3)	 44 (%88)	 1.00

	 BCS+ALND	 4 (%11.7)	 6 (%12)	

Postoperative CT (n, %)	 29 (%85.3)	 35 (%70)	  0.11

Postoperative RT (n, %)	 27 (%79.4)	 20 (%40)	  0.000*

Postoperative HT (n, %)	 23 (%67.6)	 28 (%56)	  0.29

COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease; 
BMI: body mass index; MRM: modified radical mastectomy; BCS+ALND: 
breast conserving surgery+ axillary lymph node dissection; CT: chemotherapy; 
RT: radiotherapy; HT: hormonotherapy

*statistically significant



treatment as compared to the pre-treatment values (p<0.05). Pre- and 
post-treatment evaluations of upper limb volumes are presented in 
Table 4.

Discussion and Conclusions

The survival rate in breast cancer is increasing with advances in treat-
ment. However, the morbidity rate is also increasing with the more 
aggressive treatment approaches (13). Upper extremity lymphedema is 
one of the most important morbidities developing after breast cancer 
treatment. In the long term, it poses serious physical and psychological 
consequences for the patients (11, 14, 15). Lymphedema is a chronic, 
progressive disease. As there is no cure; its prevention, early diagnosis 
and treatment are significant (10). We retrospectively evaluated the de-
mographic and clinical characteristics as well as clinical differences be-
tween those with and without lymphedema, and response to treatment 
among breast cancer patients who were evaluated at our lymphedema 
outpatient clinic, which was established for this particular reason. 

The vast majority of patients with and without lymphedema had un-
dergone unilateral breast surgery (92.3% and 94.1%, respectively). 
In both groups, the most common tumor type was invasive ductal 
carcinoma (94.1% in those with lymphedema and 96.2% in those 

without). The rate of patients with modified radical mastectomy was 
84.6% in the group of patients with lymphedema, while it was 85.3% 
in patients without lymphedema. The remaining patients in both 
groups had undergone breast conserving surgery and axillary lymph 
node dissection. Patients with and without lymphedema were similar 
in terms of demographic and clinical characteristics.

In the literature, the development of breast cancer related lymphedema 
was associated with advanced age, lower educational level, tumor size 
(tumor stage), the number of removed lymph nodes, the number of 
positive lymph nodes, and recurrent episodes of cellulitis (1, 5, 6, 8, 
9). The mean age of patients and the number of positive lymph nodes 
in patients with lymphedema was significantly higher in our study as 
compared to those without lymphedema. Educational level was signifi-
cantly lower in patients with lymphedema. The most common tumor 
stage was stage 2 in both groups, and there was no significant differ-
ence between the two groups in terms of tumor stage or the number 
of lymph nodes removed. There were no history or physical findings 
of cellulitis in both groups. Compatible with the literature; older age, 
lower education level, advanced tumor stage and the number of posi-
tive lymph nodes were associated with the development of lymphede-
ma. The logistic regression analysis revealed that none of these factors 
was independent risk factors. This result was attributed to the limited 
number of patients in our study.

Currently, the correlation between body mass index and lymphede-
ma is well defined (16, 17). A high body mass index leads to chronic 
venous insufficiency and impair lymphatic return, thereby result in 
lymphedema (16). A body mass index above 30 kg/m² increases the 
risk of lymphedema (18). In our study, the mean body mass index of 
patients with lymphedema was above 30 kg/m² and was significantly 
higher than those without lymphedema. In accordance with the litera-
ture, a positive correlation was identified between the development of 
lymphedema and body mass index. However, it was not identified as 
an independent risk factor on logistic regression analysis. The limited 
number of patients, as mentioned earlier, may have led to such a result.

Breast cancer related upper extremity lymphedema is associated with 
breast cancer treatment (5, 8). In the literature, the prevalence of lymph-
edema following axillary lymphadenectomy and axillary radiotherapy 
is reported as approximately 30%, although varying between 24% and 
49%. The difference in rates are related to the extent of axillary surgery 
and radiotherapy, different assessment methods, lack of standardization 
in diagnostic criteria, and differences in postoperative follow-up periods 
(6, 7, 19). In our study, 40.5% of patients who presented to our clinic 
with breast cancer were found to have upper extremity lymphedema. 
This rate in our study is consistent with the literature (6, 7).34
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Table 2. Correlation analysis between the presence 
of lymphedema and relevant factors

		  r  
		  (Spearman correlation  
		  coefficient)	 p 

Age	 0.27	 0.015*

Education duration	 0.25	 0.04*

Body mass index	 0.32	 0.003*

Tumor size	 0.27	 0.04*

Number of excised LNs	 0.14	 0.37

Number of positive LNs	 0.37	 0.009*

Postoperative CT	 0.18	 0.11

Postoperative RT	 0.40	 0.000*

LN: lymph node; CT: chemotherapy; RT: radiotherapy

*statistically significant

Table 3. Logistic regression analysis results on 
factors related to the presence of lymphedema

		  OR (%95 CI)	 p 

Age	 1.05 (0.98-1.14)	 0.15

Education duration	 0.92 (0.74-1.14)	 0.47

Body mass index	 1.14 (0.97-1.33)	 0.09

Tumor size	 1	 0.68

Number of positive LN	 1.21 (0.99-1.48)	 0.06

Postoperative RT	 7.09 (1.03-48.94)	  0.04*

LN: lymph node; RT: radiotherapy; OR: Odds ratio; CI: confidence interval

*statistically significant

Table 4. The differences in pre- and post-treatment 
arm volumes and volume differences between the 
two arms in patients with lymphedema (mean value ± 
standard deviation)

		  Pre-treatment	 Post-treatment	 p

Arm volume with  
lymphedema (mL)	 184.9±44.3	 163.9±41.8	 0.001*

Volume difference  
between two arms (%)	 32.4±22.5	 20.2±18.6	 0.000*

*statistically significant



Although there is a lifetime risk of developing breast cancer related lymph-
edema, approximately 80% of the cases occur within the first 3 years after 
treatment (5, 8, 19). In our study, lymphedema was detected at a mean 
of 5 years after breast surgery. This difference was thought to result from 
being overlooked by clinicians, lack of awareness among patients and lim-
ited number of lymphedema treatment centers in our country that lead 
to delays in both diagnosis and treatment of such patients.

Axillary radiotherapy may cause fibrosis in the lymph vessels and 
lymph nodes, disrupt lymphatic flow, and may trigger lymphedema 
(6). Similarly, postoperative chemotherapy may increase extracellular 
fluid volume with chronic inflammation, increase lymphatic load and 
result in lymphedema (20, 21). In our study, the rate of patients receiv-
ing postoperative radiotherapy was significantly higher in patients with 
lymphedema than those without. The rate of receiving chemotherapy 
was also higher in patients with lymphedema, but the difference was 
not statistically significant. Both postoperative radiotherapy and che-
motherapy were associated with lymphedema, but only postoperative 
radiotherapy was determined as an independent risk factor in logistic 
regression analysis.

Complete decongestive therapy is the most accepted and widely used 
method in lymphedema treatment (22, 23). The most important 
component of CDT phase 1 treatment is short-stretch compression 
bandaging. Several studies showed that efficient and effective re-
sults could be obtained in mild and moderate lymphedema without 
MLD component (22, 24, 25). In our study, 14 patients were treated 
with phase 1 components including education, skin care, exercise, 
and daily multi-layer short-stretch compression bandaging. After an 
average of 4.5 weeks of treatment, the differences between the two 
upper-extremity circumferences and volumes significantly declined 
as compared to pre-treatment values. In their study on 35 patients 
with breast cancer related lymphedema, Johansson et al. (25) applied 
compression bandage and manual lymphatic drainage in 17, while ap-
plying compression bandaging alone in 18 patients for 3 weeks. At the 
end of treatment, a 26% volume reduction was achieved in patients 
with compression bandaging alone. They determined that there was a 
slightly increase in volume decrease with the addition of MLD to treat-
ment, and stated that the maximum volume reduction in CBT treat-
ment was achieved by the application of compression bandaging alone 
(25). In our study, the patient’s upper limb volumes were decreased by 
18.6% at the end of treatment. The low reduction rate in our study as 
compared to Johansson et al. (25) was attributed to the small number 
of patients and differences in patient assessment methods. Andersen 
et al. (22) used Class 2 compression garments, education, skin care 
and exercise without MLD and compression bandaging in 21 patients 
with breast cancer-related unilateral lymphedema, while they applied 
additional MLD to the other 21 patients. The limb volumes signifi-
cantly decreased in both groups at the end of treatment; nevertheless, 
they emphasized that the addition of MLD did not have a significant 
contribution to volume reduction (22). We have also achieved a sig-
nificant decline in our patients by compression therapy alone, without 
MLD component.

Patients treated for breast cancer have a life-long risk for lymphedema. 
Advanced age, lower education level, obesity, tumor size, number of 
positive lymph nodes and postoperative radiotherapy were detected as 
factors associated with lymphedema. Postoperative radiotherapy was 
identified as an independent risk factor for the development of lymph-
edema. Acceptable results are obtained in lymphedema treatment with 
patient education, skin care, exercise and compression therapy.

Ethics Committee Approval:  Ethics committee approval was re-
ceived for this study.

Informed Consent:  Written informed consent was obtained from pa-
tients who participated in this study.

Peer-review:  Externally peer-reviewed. 

Author Contributions: Concept - A.G.C., E.E.; Design - A.G.C., 
Z.T.B.; Supervision - F.A.Ç., E.E.; Funding - Z.T.B., A.G.C.; Ma-
terials - Z.T.B, A.G.C.; Data Collection and/or Processing - A.G.C., 
Z.T.B., E.E., F.A.Ç.; Analysis and/or Interpretation - A.G.C.; Litera-
ture Review - A.G.C.; Writing - A.G.C.; Critical Review - A.G.C.

Conflict of Interest: No conflict of interest was declared by the au-
thors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

References

1. 	 Marcos AL, Gaaied AE, Ayed FB, Hassen SB, Zervoudis S, Navrozoglou 
I, Pechlivani F, Iatrakis G. Lymphedema of the arm after surgery for breast 
cancer: new physiotherapy. Clin Exp Obs Gynecol 2012; 39:483-488. 
(PMID: 23444749)

2. 	 Leal NF, Carrara HH, Vieira KF, Ferreira CH. Physiotherapy treatments 
for breast cancer-related lymphedema: a literature review. Rev Lat Am 
Enfermagem 2009; 17:730-736. (PMID: 19967225) [CrossRef]

3. 	 Mahamaneerat WK, Shyu CR, Stewart BR, Armer JM. Breast cancer 
treatment, BMI, post-op swelling/lymphoedema. J Lymphoedema 2008; 
3:38-44. (PMID: 20657749)

4. 	 Megens A, Harris SR. Physical therapist management of lymphedema fol-
lowing treatment for breast cancer: a critical review of its effectiveness. 
Phys Ther 1998; 78:1302-1311. (PMID: 9859949)

5. 	 Tiwari P, Coriddi M, Salani R, Povoski SP. Breast and gynecologic 
cancer-related extremity lymphedema: a review of diagnostic modalities 
and management options. World J Surg Oncol 2013; 11:237. (PMID: 
24053624) [CrossRef]

6. 	 de Rezende LF, Rocha AVR, Gomes CS. Risk factors for breast cancer 
related lymphedema. J Vasc Bras 2010; 9:233-238.

7.  	 Kim L. Jeon JY, Sung IY, Jeong SY, Do JH, Kim HJ. Prediction of treat-
ment outcome with bioimpedance measurements in breast cancer related 
lymphedema patients. Ann Rehabil Med 2011; 35:687-693 (PMID: 
22506192) [CrossRef]

8. 	 Golshan M, Smith B. Prevention and management of arm lymphedema 
in the patient with breast cancer. J Support Oncol 2006; 4:381-386. 
(PMID: 17004511)

9. 	 Sagen A, Karesen R, Risberg MA. Physical activity for the affected limb 
and arm lymphedema after breast cancer surgery. A prospective, random-
ized controlled trial with two years follow-up. Acta Oncol 2009; 48:1102-
1110. (PMID: 19863217) [CrossRef]

10. 	 Witty MF, Larouche K. Treatment of cancer-related secondary lymph-
edema. ETMIS 2011; 7:14-17.

11. 	 Szuba A, Achalu R, Rockson SG. Decongestive lymphatic therapy for 
patients with breast carcinoma-associated lymphedema. A randomized, 
prospective study of a role for adjunctive intermittent pneumatic com-
pression. Cancer 2002; 95:2260-2267. (PMID: 12436430) [CrossRef]

12. 	 Sander AP, Hajer NM, Hemenway K, Miller AC. Upper-extremity 
volume measurements in women with lymphedema: a comparison of 
measurements obtained via water displacement with geometrically deter-
mined volume. Phys Ther 2002; 82:1201-1212. (PMID: 1244879)

13. 	 Paiva DMF, Rodrigues VO, Cesca MG, Palma PV, Leite ICG. Prevalence 
of lymphedema in women undergoing treatment for breast cancer in a 
referral center in southeastern Brazil. BMC Womens Health 2013; 13:6. 
(PMID: 23406386) [CrossRef] 35

Gencay Can et al. Breast Cancer Related Lymphedema Risk Factors

http://dx.doi.org/10.1590/S0104-11692009000500021
http://dx.doi.org/10.1186/1477-7819-11-237
http://dx.doi.org/10.5535/arm.2011.35.5.687
http://dx.doi.org/10.3109/02841860903061683
http://dx.doi.org/10.1002/cncr.10976
http://dx.doi.org/10.1186/1472-6874-13-6


14. 	 Martin ML, Hernandez MA, Avendano C, Rodriguez F, Martinez H. 
Manual lymphatic drainage therapy in patients with breast cancer related 
lymphedema. BMC Cancer 2011; 11:94. (PMID: 21392372) [CrossRef]

15. 	 Petrek JA, Heelan MC. Incidence of breast carcinoma-related lymphede-
ma. Cancer 1998; 83:2776-2781. (PMID: 9874397) [CrossRef]

16. 	 Wilkins C, Swain G, Cooke C. Facing up to the obesity crisis: outcomes of 
a bariatric lymphoedema clinic. Journal of Lymphedema 2014; 9:27-29.

17. 	 Shahpar H, Atieh A, Maryam A, Fatemeh HS, Massoome N, Mandana 
E, Masud Y, Reza MH, Esmaeil AM. Risk factors of lymph edema in 
breast cancer patients. Int J Breast Cancer 2013; 2013:641818. (PMID: 
23862068)

18. 	 Helyer LK, Varnic M, Le LW, Leong W, McCready D. Obesity is a risk 
factor for developing postoperative lymphedema in breast cancer patients. 
Breast J 2010; 16:48-54. (PMID: 19889169) [CrossRef]

19. 	 Tambour M, Tange B, Christensen R, Gram B. Effect of physical therapy 
on breast cancer related lymphedema: protocol for a multicenter, random-
ized, single-blind, equivalence trial. BMC Cancer 2014; 14:239. (PMID: 
24708851) [CrossRef]

20. 	 Lee MJ, Beith J, Ward L, Kilbreath S. Lymphedema following taxane-
based chemotherapy in women with early breast cancer. Lymphat Res Biol 
2014; 12:282-288. (PMID: 25411764) [CrossRef]

21. 	 Jung SY, Shin KH, Kim M, Chung SH, Lee S, Kang HS, Lee ES, Kwon 
Y, Lee KS, Park IH, Ro J. Treatment factor affecting breast cancer-related 
lymphedema after systemic chemotherapy and radiotherapy in stage II/III 
breast cancer patients. Breast Cancer Res Treat 2014; 148:91-98. (PMID: 
25253173) [CrossRef]

22. 	 Andersen L, Hojris I, Erlandsen M, Andersen J. Treatment of breast can-
cer-related lymphedema with or without manual lymphatic drainage-a 
randomized study. Acta Oncol 2000; 39:399-405. (PMID: 10987238) 
[CrossRef]

23. 	 Popovic-Petrovic S, Nedeljkovic M, Petrovic T, Vasovic M. Physical treat-
ment of secondary lymphedema of the arm in breast cancer patients. Arch 
Oncol 2002; 10:261-262. [CrossRef]

24. 	 Huang TW, Tseng SH, Lin CC, Bai CH, Chen CS, Hung CS, Wu CH, 
Tam KW. Effects of manual lymphatic drainage on breast cancer-relat-
ed lymphedema: a systematic review and meta-analysis of randomized 
controlled trials. World J Surg Oncol 2013; 11:15. (PMID: 23347817) 
[CrossRef]

25. 	 Johansson SK, Albertsson M, Ingvar C, Ekdahl C. Effects of compression 
bandaging with or without manual lymph drainage treatment in patients 
with postoperative arm lymphedema. Lymphology 1999; 32:103-110. 
(PMID: 10494522)

36

J Breast Health 2016; 12: 31-36

http://dx.doi.org/10.1186/1471-2407-11-94
http://dx.doi.org/10.1002/(SICI)1097-0142(19981215)83:12B+<2776::AID-CNCR25>3.0.CO;2-V
http://dx.doi.org/10.1111/j.1524-4741.2009.00855.x
http://dx.doi.org/10.1186/1471-2407-14-239
http://dx.doi.org/10.1089/lrb.2014.0030
http://dx.doi.org/10.1007/s10549-014-3137-x
http://dx.doi.org/10.1007/s10549-014-3137-x
http://dx.doi.org/10.2298/AOO0202077P
http://dx.doi.org/10.1186/1477-7819-11-15

